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1. EXECUTIVE SUMMARY

This is an original NDA submitted by Merck Sharp & Dohme Corporation on 19 December 2016, seeking
marketing approval for Ertugliflozin as an adjunct to diet and exercise to improve glycemic control in
adults with type 2 diabetes mellitus. Currently 3 other approved therapies in this class (Canagliflozin,
Dapagliflozin and Empagliflozin) are available in the US for this indication. Ertugliflozin is an oral,
selective inhibitor of sodium glucose co-transporter-2 (SGLT2) which inhibits renal glucose reabsorption
and results in urinary glucose excretion (UGE) and reductions in plasma glucose and hemoglobin Alc
(HbAXc) in patients with type 2 diabetes mellitus (T2DM). In vitro, ertugliflozin has been shown to be a
highly selective SGLT2 inhibitor with greater than 2000x selectivity for SGLT2 (50% inhibitory
concentration [ICso] = 0.877 nM) compared to SGLT1 (ICso = 1960 nM). Ertugliflozin is included in the
drug product as a co-crystal with L-pyroglutamic acid (L-PGA), known as ertugliflozin L-PGA.

The proposed dosing regimen is to start with a dose of ertugliflozin 5 mg once daily, taken in the
morning, with or without food. In patients tolerating ertugliflozin 5 mg once daily, the dose may be
increased to 15 mg once daily if additional glycemic control is needed. Ertugliflozin is proposed to be
marketed under the tradename Steglatro, and will be available in 5 mg and 15 mg strengths as oral tablets.

The efficacy and safety of ertugliflozin in T2DM patients was supported by data from 4 Phase 3 studies
(P001/1016, P007/1017, P0O05/1019, P003/1022) conducted in T2DM patients. A total of 24 studies (19
Phase 1, 2 Phase 2, and 4 Phase 3) conducted in healthy subjects and in T2 DM patients, assessed the
pharmacokinetics (PK) and pharmacodynamics (PD) of ertugliflozin. The proposed 5 mg and 15 mg
commercial tablets are made from ®@and use the same composition as the Phase 3
formulation ®®. The pink and red film coating used for the 5 mg and 15 mg commercial
tablets are the same as the white film coating used in Phase 3 tablets except for the addition of iron oxide

®®. The commercial tablets were scientifically
bridged to the formulation used in Phase 3 studies in a dedicated bridging study (P023/1037).

From a clinical pharmacology perspective, the proposed dosing regimen of ertugliflozin 5 mg once daily,
followed by an increase to 15 mg once daily if additional glycemic control is needed, is appropriate. The
PK and PD of ertugliflozin in T2DM patients were evaluated in pivotal Phase 3 studies. The PK in
T2DM patients were comparable to that in healthy subjects. Ertugliflozin steady state exposure was
equivalent when administered as 2.5 mg BID vs. 5 mg QD and as 7.5 mg BID vs. 15 mg QD. In addition,
UGE during a 24-hour interval at steady state was similar when administered as 2.5 mg BID vs. 5 mg QD
and as 7.5 mg BID vs. 15 mg QD. This information facilitated to develop fixed-dose combination (FDC)
products in combination with Metformin and with Sitagliptin. Along with the current NDA, two separate
NDAs for the FDCs, ertugliflozin/sitagliptin FDC tablets ( ®®@ 5 mg/100 mg, ®® 15
mg/100 mg) (NDA 209805), ertugliflozin/metformin FDC tablets (2.5mg/500mg, 2.5mg/1000mg,
7.5mg/500mg, 7.5mg/1000mg) (NDA 209806) for the treatment of type 2 diabetes mellitus (T2DM) as
adjunct to diet and exercise therapy, were submitted. Please see Clinical Pharmacology reviews by Dr.
Lei He in DARRTS for NDAs 209805 and 209806.

The Clinical Pharmacology review of NDA 209803 focused on the dose selection for Phase 3 studies, and

confirming the PK/PD results from dose-response and population pharmacokinetics (PopPK) analyses of
ertugliflozin.

Reference ID: 4141151



1.1 Recommendations

The Office of Clinical Pharmacology has reviewed the information contained in NDA 209803 and found
it acceptable to support approval of Ertugliflozin in the T2DM population. Key review issues with
specific recommendations and comments are summarized below:

Review Issues

Supportive evidence of
effectiveness

General dosing
instructions

Dosing in patient
subgroups

Bridge between the “to-be-
marketed” and clinical trial
formulations

Recommendations and Comments

The reduction in HbAlc from baseline at week 26 in pivotal Phase 3
studies provides primary evidence of effectiveness.

The PK and PD (UGE) of ertugliflozin in healthy volunteers and T2DM
patients provide supportive evidence for effectiveness.

From a Clinical Pharmacology perspective, the proposed treatment
regimen of starting ertugliflozin at a dose of 5 mg once daily, followed
by an increase to 15 mg once daily if additional glycemic control is
needed, is acceptable.

No separate dosing/dosing regimen is recommended in any patient
subgroups due to intrinsic (e.g., age and body weight) and extrinsic
factors. Ertugliflozin is not recommended for use in patients with
eGFR <60 mL/min/1.73m?, or in patients with severe hepatic
impairment.

A dedicated bridging study (P023/1037) provided evidence that the “to-
be-marketed” (commercial image) formulation and the formulation used
in Phase 3 efficacy trials are bioequivalent.

1.2 Post-Marketing Requirements and Commitments

None.

Reference ID: 4141151
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Pharmacology and Clinical PharmacoKkinetics

Ertugliflozin is an oral, selective inhibitor of sodium glucose co-transporter-2 (SGLT2) which inhibits
renal glucose reabsorption and results in urinary glucose excretion (UGE) and reductions in plasma
glucose and hemoglobin Alc (HbAlc) in patients with type 2 diabetes mellitus (T2DM). In vitro,
ertugliflozin has been shown to be a highly selective SGLT2 inhibitor with greater than 2000x selectivity
for SGLT2 (50% inhibitory concentration [ICso] = 0.877 nM) compared to SGLT1 (ICsp = 1960 nM).

The following is a summary of the clinical pharmacokinetics of ertugliflozin:

Absorption: e Following single-dose oral administration of 5 mg and 15 mg of ertugliflozin, under fasted
conditions, time to peak plasma concentrations (Tmax) of ertugliflozin occur at 1 hour postdose.

e A dose-proportional increase in plasma ertugliflozin Cpax and AUC was observed following
single doses from 0.5 mg to 300 mg and following multiple doses from 1 mg to 100 mg.

e The absolute oral bioavailability of ertugliflozin following administration of a 15 mg dose is
approximately 100%.

e Ertugliflozin Cpax is reduced by 29% and Tmax prolonged by 1 hour following administration of
ertugliflozin with a high-fat and high-calorie meal compared to the fasted state, however AUC
was unaffected.

Distribution: | e The mean steady-state volume of distribution of ertugliflozin is approximately 86 L following
an intravenous dose.

e Plasma protein binding of ertugliflozin is independent of ertugliflozin plasma concentrations,
and is approximately 94%. In patients with renal or hepatic impairment, plasma protein binding
is not meaningfully altered. The blood-to-plasma concentration ratio of ertugliflozin is 0.66.

Elimination: e The mean systemic plasma ertugliflozin clearance following an intravenous microdose of 100
ng dose was 11.2 L/hr. Based on PopPK analysis, the mean elimination half-life in T2DM
patients with normal renal function was estimated to be approximately 16.6 hours.

e Approximately 41% and 50% of the drug-related radioactivity was eliminated in feces and
urine, respectively, following administration of an oral [!*C]-ertugliflozin solution to healthy
subjects. Only 1.5% of the administered dose was excreted as unchanged ertugliflozin in urine
and approximately 34% as unchanged ertugliflozin in feces, which may likely be due to biliary
excretion of glucuronide metabolites and subsequent hydrolysis to parent.

Metabolism: ® The primary clearance mechanism for ertugliflozin is by metabolism. The major metabolic
pathway for ertugliflozin is UGT1A9 and UGT2B7-mediated O-glucuronidation (86%) to two
glucuronides that are pharmacologically inactive at clinically relevant concentrations. There is
minimal CYP-mediated oxidative metabolism of ertugliflozin (12%).

2.2 Dosing and Therapeutic Individualization

2.2.1 Generaldosing

The proposed starting dose of Steglatro is 5 mg once daily, taken in the morning, with or without food. In
patients tolerating Steglatro 5 mg once daily, the dose may be increased to 15 mg once daily if additional
glycemic control is needed.

11
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In patients with volume depletion, correcting this condition prior to initiation of Steglatro is
recommended.

A longitudinal dose-response model was fitted to the data for the primary evaluation of HbAlc lowering
effect of ertugliflozin. Since exposures of ertugliflozin increased in a dose-proportional manner and PK
variability of ertugliflozin was low, dose was considered to be a good surrogate for ertugliflozin exposure.
A longitudinal exposure-response model was therefore also fitted to the HbAlc data. The longitudinal
exposure-response model did not provide any additional predictive performance benefit over the dose-
response model. Therefore, the dose-response model was considered the final model for evaluation of
HbALc lowering effect of ertugliflozin. Based on the final model parameter estimates, the 5 mg and 15
mg doses elicited HbALc responses (-0.617% and -0.698%, respectively) that were >80% and >90% of
the model-estimated Emax (-0.745%) and consistent with the results on the dose-response model using data
from Phase 2 studies.

The proposed dosing regimen is supported by a dose-response analysis. For further details, see section
Section 4.3.2.

2.2.1.1 QD Dosing vs. BID Dosing

The equivalence of ertugliflozin exposure at steady-state (AUC.4) following daily dosing of 5 mg QD vs.
2.5 mg BID, and following 15 mg QD vs. 7.5 mg BID were evaluated in Study P035/1051. To
demonstrate bioequivalence, the 90% CI for the ratio (BID/QD) of geometric means for AUC,4 would
have to be within the 80% - 125% limits. This study also evaluated the similarity of PD effect (UGE24)
following 5 mg QD vs. 2.5 mg BID, and following 15 mg QD vs. 7.5 mg BID dosing. To demonstrate
bioequivalence, the the 90% CI for the ratio (BID/QD) of geometric means for UGE.4 would have to be
within 70% - 143% limits.

For the 5 mg QD vs. 2.5 mg BID comparison, the 90% CI for the ratio of geometric means for AUC,,; was
98.76% - 102.83%, and for the 15 mg QD vs. 7.5 mg BID comparison, the 90% CI for the ratio of
geometric means for AUC was 97.08% - 102.45%, demonstrating PK bioequivalence for the two
regimens for both strengths of ertugliflozin.

For the 5 mg QD vs. 2.5 mg BID comparison, the 90% CI for the ratio of geometric means for UGE24 was
102.96% - 117.87%, and for the 15 mg QD vs. 7.5 mg BID comparison, the 90% CI for the ratio of
geometric means for UGE24 was 97.69% - 108.12%, demonstrating PK bioequivalence for the two
regimens for both strengths of ertugliflozin.

Results from this study provided support for the development of ertugliflozin FDC products with
sitagliptin and metformin, respectively (NDAs 209805 and 209806, respectively).

2.2.2 Therapeutic individualization

No therapeutic individualization of ertugliflozin is recommended. Prior to initiating ertugliflozin therapy,
assessing renal function is recommended. Initiation of or use of ertugliflozin is not recommended in
patients with an eGFR less than 60 mL/min/1.73 m?.
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2.3 Outstanding Issues
None.
2.4 Summary of Labeling Recommendations

The Office of Clinical Pharmacology recommends the following labeling concepts be included in the final
package insert:

Label Section Recommendation

HIGHLIGHTS e  Assess renal function before initiating TRADEMARK. Initiation of
DOSAGE AND TRADEMARK is not recommended in patients with an eGFR less
ADMINISTRATION than 60 mL/min/1.73 m2 (2.2).

® Delete following sentence: (OIS
CONTRAINDICATIONS e Severe renal impairment (eGFR <30 mL/min/1.73 m2), end-stage
renal disease, or dialysis (4)

2.2 Patients with Renal e Initiation of TRADEMARK is not recommended in patients with an

Impairment estimated glomerular filtration rate (eGFR) less than 60

mL/min/1.73 m? [see Warnings and Precautions (5.3) and Use in
Specific Populations (8.6)].
e Delete ®) @

e Use of TRADEMARK is not recommended in patients with eGFR
persistently between 30 and less than 60 mL/min/1.73 m2.

12.2 Pharmacodynamics Cardiac Electrophysiology

e The effect of TRADEMARK on QTc interval was evaluated in a
Phase 1 randomized, placebo- and positive-controlled 3-period
crossover study in 42 healthy subjects. At 6.7-times the
therapeutic exposures with maximum recommended dose,
TRADEMARK does not prolong QTc to any clinically relevant

extent.
12.3 PharmacoKkinetics e InaPhase 1 clinical pharmacology study in patients with type 2
Special Population diabetes and mild, moderate, or severe renal impairment (as
Renal Impairment determined by eGFR), following a single-dose administration of

15 mg TRADEMARK, the mean increases in AUC of ertugliflozin
were 1.6, 1.7 and 1.6-fold, respectively, for mild, moderate and
severe renally impaired patients, compared to subjects with
normal renal function. These increases in ertugliflozin AUC are not
considered clinically relevant. There were no clinically meaningful
differences in the ertugliflozin Cmax values among the different
renal function groups. The 24-hour urinary glucose excretion
declined with increasing severity of renal impairment [see
Warnings and Precautions (5.3)]. The plasma protein binding of
ertugliflozin was unaffected in patients with renal impairment.
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background

The clinical development program for ertugliflozin comprised of 24 studies: 19 Phase 1 studies, 2 Phase
2 studies, and 4 Phase 3 studies. A total of 3751 subjects participated in these clinical studies, including
healthy volunteers (n = 395) and T2DM patients (n=3356). These studies provide information supporting
proof-of-concept as well as the definitive efficacy and safety of Steglatro in the target population for the
treatment of diabetes.

The regulatory history regarding these communications is summarized below:

Dates
12/17/2012

Meeting Type
EOP2

Key Communication Points

Dose Selection for P3 studies:

Agency pointed out that the 10 mg daily dose does not appear to provide any additional
benefit over the 5 mg daily dose for reduction in baseline HbAlc

Formulation:

Recommendation to use the ‘to-be-marketed’ formulation in pivotal trials

Recommendation to first complete the Phase 1 clinical pharmacology study in patients with
renal impairment and use the data from this study, such as pharmacodynamic data, to
inform and support the clinical evaluation of efficacy and safety for ertugliflozin in patients
with varying degrees of renal dysfunction.

Clinical Pharmacology Plan:

Agreement that based on the results summarized in briefing package, the proposed clinical
pharmacology program seems adequate. Sponsor was advised that, with respect to DD],
however, they should provide detailed assessment for cases where they do not plan to
conduct in vivo studies because DDI is not anticipated (if any), following the decision trees
from the recent FDA guidance on evaluation of DDI
(http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guid
ances/ucm292362.pdf). Sponsor was advised that the potential of in vivo chiral conversion
of ertugliflozin needed to be addressed before NDA submission.

The Sponsor was asked to evaluate the impact of ertugliflozin on renal function by
performing analysis such as baseline eGFR vs. change in eGFR and longitudinal change in
eGFR for data from Phase 2 and Phase 3 trials representing different treatment durations
and treatment arms.

08/26/2013

Advice/Information
Request

Final agreed upon Initial Pediatric Study Plan (iPSP)

09/10/2013

EOP2 Follow-up

Discussion of 5mg and 15 mg as acceptable doses for P3 trials
Discussion of dedicated study in subjects with T2DM and Stage 3 CKD, together with the
pooled analysis of the data of subjects with Stage 3 CKD from the entire Phase 3 program

12/07/2015

Email
communication

Acceptance of legacy data format for Phase 1 and Phase 2 trials

04/15/2016

Written
Communication

Acceptance of “Steglatro” as the proprietary name for ertugliflozin

09/06/2016

Pre-NDA Meeting

Clarification on requirements for submitting PopPK data and SymCYP data files

3.2 General Pharmacological and Pharmacokinetic Characteristics

Ertugliflozin L-PGA is a white to off-white powder. The solubility of ertugliflozin (using ertugliflozin L-
PGA as source of ertugliflozin) in unbuffered water at pH 5.5, simulated gastric fluid with no enzymes
(SGN) at pH 1.2, and phosphate buffered saline (PBS) at pH 6.5 was found to be 0.76, 0.74 and 0.64
mg/mL, respectively. Ertugliflozin immediate release tablets are to be made avaialble at 5 mg and 15 mg

strengths.

Reference ID: 4141151
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is to be presented as a triangular, pink film-coated tablet debossed with 701 on one side and plain on the
other side. The 15 mg tablet is to be presented as a triangular, red film-coated tablet debossed with <702’
on one side and plain on the other side. The drug product is to be packaged in heat induction sealed high
density polyethylene (HDPE) bottles with desiccant or in aluminum foil blisters with aluminum foil
backing.

3.2.1 Mechanism of Action:

Sodium-glucose co-transporter 2 (SGLT2) expressed in the proximal renal tubules, is responsible for the
majority of the reabsorption of filtered glucose from the tubular lumen. Ertugliflozin is an inhibitor of
SGLT2. By inhibiting SGLT2, ertugliflozin reduces reabsorption of filtered glucose and lowers renal
threshold for glucose (RTg), and thereby increases urinary glucose excretion (UGE) (Figure 1).

2 Proximal Distal Collecting
a ,‘: Glomerulus Tubule Tubule Duct

Glucose

filtration

R SGLT2 inhibitor

reabsorption
Increased
glucose
excretion
Figure 1 Schematic of the mechanism of Action of Ertugliflozin

3.2.2 Pharmacokinetics:

A total of 24 completed clinical studies conducted in healthy volunteers and T2DM patients assessed the
PK and PD of ertugliflozin.

3.2.2.1 Absorption

Following single or multiple dose oral administration of ertugliflozin, absorption of ertugliflozin is
independent of dose, with a median Tmax Of approximately 1 hour in the fasted state and approximately 2
hours post dose in the fed state. The oral bioavailability (BA) following administration of a single 15 mg
dose of ertugliflozin in healthy volunteers is approximately 100%. A high-fat and high-calorie meal
decreased ertugliflozin Crax by 29% with a corresponding prolongation of Tmax by 1 hour, however, there
was no change in AUC compared to the fasted state. The observed effect of food on ertugliflozin
pharmacokinetics is not considered clinically relevant, and ertugliflozin may be administered without
regards to food.

3.2.2.2 Distribution

The mean steady-state volume of distribution of ertugliflozin following IV dosing was estimated to be
85.5 L, indicating moderate extravascular distribution. The in vitro plasma protein binding of ertugliflozin
was estimated to be 93.6% and was independent of ertugliflozin plasma concentrations. The plasma
protein binding in T2DM patients with varying degrees of renal impairment or in subjects with moderate
hepatic impairment was not meaningfully altered. The mean unbound ertugliflozin fraction ranged from
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0.034-0.041 in these groups of patients. At a nominal concentration of 1 pg/mL (2.3 uM), ertugliflozin
distributed preferentially into plasma over red blood cells, with a blood-to-plasma concentration ratio of
0.66.

3.2.2.3 Metabolism

Metabolism is the primary clearance mechanism for ertugliflozin. UGT1A9 and UGT2B7-mediated O-
glucuronidation were the major metabolic pathway for ertugliflozin, accounting for 86% of the
metabolism to two glucuronides (3-O-R glucuronide, or M5c and 2-O-R glucuronide or M5a) that are
pharmacologically inactive at clinically relevant concentrations. CYP-mediated (oxidative) metabolism
of ertugliflozin is minimal (12%). For these minor oxidative pathways, CYP3A4 is the predominant
enzyme involved in the metabolism of ertugliflozin to hydroxy ertugliflozin (M1 and M3) and desethyl
ertugliflozin (M2), with minor contributions from CYP2C8 and CYP3A5. The proposed metabolic
pathway of Ertugliflozin is shown in Figure 2 below:

OH
(0.

T e
T OH

HO
OH

/ N

OH

o] R

Glu-—}
[ |
EH(J T OH :
L Qo

M5a. M5b. M5c

M2, PF-05217539 M6a. M6b
Figure 2 Proposed Metabolic Pathway for Ertugliflozin

3.2.2.4 Elimination

Following an intravenous microdose of 100 ug and an oral dose of 15 mg, the mean systemic plasma
clearance was 11.2 L/hr and 10.7 L/h, respectively. Based on PopPK analysis, the mean elimination half-
life in T2DM patients with normal renal function was estimated to be 16.6 hours, and 15.3 hours for
healthy subjects. Following administration of an oral [**C]-ertugliflozin solution to healthy subjects,
approximately 40.9% and 50.2% of the drug-related radioactivity was eliminated in feces and urine,
respectively. About 1.5% of the administered dose was excreted as unchanged ertugliflozin in urine and
33.8% as unchanged ertugliflozin in feces, likely due to biliary excretion of glucuronide metabolites and
subsequent hydrolysis to parent. Renal clearance values for ertugliflozin ranged from 1.6 to 2.2 mL/min
in healthy and T2DM subjects with normal renal function.

Through evaluation of pooled human plasma samples obtained from 24 subjects at steady state after
administration of ertugliflozin 15 mg qd x 6 days, chiral inversion of ertugliflozin was not observed.

16

Reference ID: 4141151



3.2.2.5 Drug-drug Interactions

Key results from in vitro studies:

In vitro studies showed that ertugliflozin and ertugliflozin glucuronides did not inhibit CYP450
isoenzymes 1A2, 2C9, 2C19, 2C8, 2B6, 2D6, or 3A4, and did not induce CYPs 1A2, 2B6, or 3A4.
Ertugliflozin was not a time-dependent inhibitor of CYP3A in vitro. Ertugliflozin did not inhibit
UGT1AG6, 1A9, or 2B7 in vitro and was a weak inhibitor (IC50 >39 uM) of UGT1A1 and 1A4.
Ertugliflozin glucuronides did not inhibit UGT1AL, 1A4, 1A6, 1A9, or 2B7 in vitro. Ertugliflozin is a
substrate of P-glycoprotein (P-gp) and breast cancer resistance protein (BCRP) transporters and is not a
substrate of organic anion transporters (OAT1, OAT3), organic cation transporters (OCT1, OCT2), or
organic anion transporting polypeptides (OATP1B1, OATP1B3).

Key results from in vivo studies:

When ertugliflozin was co-administered with metformin, sitagliptin, glimepiride, or simvastatin, as
compared to ertugliflozin alone, there were no meaningful PK differences (Figure 3). However,
concomitant administration of multiple doses of rifampin 600 mg qd reduced the AUCinsand Cpax Of
ertugliflozin by 39% and 15%, respectively. Dose - HbAlc response analysis that the 5 mg ertugliflozin
dose following co-administration with rifampin is predicted to maintain clinically meaningful glycemic
efficacy (predicted response of -0.625% at week 26 when rifampin was coadministered with ertugliflozin,
versus -0.674% when ertugliflozin was administered alone). Dose adjustment is not recommended when
ertugliflozin is co-administered with a UGT and CYP inducer like rifampin. The recommended labeling
indicates that in subjects tolerating ertugliflozin 5 mg, the dose can be increased to 15 mg if additional
glycemic control is required. These general dosing instructions apply to concomitant use of UGT and
CYP inducer such as rifampin.
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DDI Effects of Concomitant Drugs on Ertugliflozin
Effects of Other Drugs on the Pharmacokinetics of Ertugliflozin
Geometric Mean
Subgroup 90% Confidence Intervals Ratio (90% CI)
INTERACTION OF : )
sitagliptin (100 mg, SD) : E
AUC - - - 102,27 ( 99.72, 104.89]
Cmax . — | 9218 (91.20, 105.70)
Metformin (1000 mg, SD)  AUC : :
AUC : : 100.24 ( 97.43, 103.34|
Cmax E — . S 97.14 ( 8877, 106.20)
Glimepiride (1 mg, SD) | |
AUC n —ta— F 10211 ( 97.19, 107.27)
Cmax ' —a— ' 98.20(92.17,104.63)
Simvastatin (40 mg, SD) 5 E
AUC . N = | 102.40 (9557, 105.31]
CR 4 R : 105.16 ( 98.26, 112.54]
Rifampin (600 mg, QD) ' '
AUC —— : : 61.16(57.22, 66.37)
Cmax —_— . | 84.62(74.17, 96.53)
f 1 t 1
50 80 100 125 150
Relative to Ertuglifiozin alone (%)
All Ertugiflozin doses odministered as 15 mq singfe dase
DDI Effects of Ertugliflozin on Concomitant Drugs
Effects of Ertugliflozin on the Pharmacokinetics of Other Drugs
Geometric Mean
Subgroup 90% Confidence Intervals Ratio (90% Cl)
INTERACTION ON H .
Sitagliptin (100 mg, SD) : :
AUC - - 101,67 { 98.40, 105.04)
Cmax . . 101.6%{ 91.65,112.80)
Metformin (1000 mg, SD)  AUC 3 q
AUC : : 100.94( 90.62,112.44)
Crmax E —a— E 94.00 ( 82.94, 106.55)
Glimepiride (1 mg, SD) | |
AUC : 4— 109.80 98.14, 122.86)
Cmax : - : 97.39 (71,07,133.46)
Simvastatin (40 mg, SD) 5 E
auc : - 123,83 00,92, 168.68)
Cmax : - 119.05{97.22,145.77)
Simvastatin Acid ' '
AUC ' _ o 130,46 {108.32, 157.13)
Cmax | 1+ - 115.66(95.74,129.71)
f I. I. T 1
50 80 100 125 150 175
Relative ta concomitant medication alone (%)
All Ertugifionin doses odministered as 15 mg singfe dose

Figure 3 Drug-Drug Interactions Between Ertugliflozin and Concomitant Medications

Physiologically-based PK (PBPK) modeling of ertugliflozin co-administered with an UGT inhibitor
mefenamic acid predicted a <1.51-fold increase in ertugliflozin AUC and Cuax, Which is not considered
clinically relevant.
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3.2.2.6 Special Populations

3.2.2.6.1 Renal Impairment

In T2DM patients with mild, moderate, or severe renal impairment, following a single-dose
administration of ertugliflozin 15 mg, the mean increases in AUC of ertugliflozin were 1.6, 1.7 and 1.6-
fold for mild, moderate and severe renally impaired patients, respectively, compared to subjects with
normal renal function. These increases in ertugliflozin AUC are not considered clinically relevant. There
were no clinically meaningful differences in the ertugliflozin Cnax values among the different renal
function groups. Mean half-life estimates for ertugliflozin were slightly longer in subjects with renal
impairment compared to those with normal renal function for both T2DM and healthy subjects. Apparent
oral clearance (CL/F) and CLr decreased with decreasing renal function for all renal impairment
groups.The 24-hour urinary glucose excretion declined with increasing severity of renal impairment (See
Figure 17). The plasma protein binding of ertugliflozin was unaffected in patients with renal impairment.

3.2.2.6.2 Hepatic Impairment

Exposure of ertugliflozin was not increased in moderate hepatic impairment. The AUC of ertugliflozin
decreased by approximately 13%, and Cmax decreased by approximately 21% compared to subjects with
normal hepatic function. This decrease in ertugliflozin exposure is not considered clinically meaningful.
Ertugliflozin was not studied in patients with severe hepatic impairment. The plasma protein binding of
ertugliflozin was unaffected in patients with moderate hepatic impairment.

3.2.2.6.3 Pediatric
Ertugliflozin has not been studies in pediatric patients.

3.2.2.6.4 Effects of Age, Body Weight, Gender, Ethnicity and Race

PopPK analysis did not identify age, body weight, gender, ethnicity and race to have any clinically
clinically relevant impact on the pharmacokinetics of ertugliflozin.

3.2.3 Pharmacodynamics:

3.2.3.1 Urinary Glucose Excretion (UGE) in Healthy Subjects

In healthy subjects, following single and multiple dose ertugliflozin administration, there was a dose
related increase in UGE up to 25 mg. The 24-hour UGE values appeared to plateau at doses =25 mg.
Similar 24-hour UGE values were observed on Day and at steady-state. UGE between Japanese and
Western healthy subjects were similar, indicating no differences due to ethnicity. No meaningful
differences in UGE were found between bid and corresponding qd doses (UGE values of 58.58 g, 57.63
g, 57.09 g, and 52.46 g for the 7.5 mg bid, 15 mg qd, 2.5 mg bid, and 5 mg qd doses, respectively).

3.2.3.2 UGE in T2DM Patients

At a dose of 15 mg ertugliflozin, higher median change from baseline in 24-hour UGE was observed in
T2DM subjects with normal renal function (68.1 g) compared to healthy subjects (45.8 g). Data from a
Phase 2 dose-ranging was used to fit an Emax model to the observed 24-hour UGE data as a function of
administered dose (Figure 4). A maximal baseline-adjusted 24-hour UGE response of 71.5 (95% CI1:57.9,
87.3) g and an EDs of 0.752 (95% CI: 0.299, 1.58) mg was estimated from the model. The predicted
mean 24-hour UGE following administration of ertugliflozin 5 mg and 15 mg doses for 28 days were 62.5
(90% ClI: 54.9, 69.7) and 68.9 (90% CI:58.9, 78.7) g. Dose-response modeling indicated that ertugliflozin
5 mg and 15 mg result in near maximal UGE, with the 15 mg dose providing only incrementally greater
UGE relative to the 5 mg dose.
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Figure 4 UGE versus Ertugliflozin Dose in T2DM Subjects
(Source: eCTD for NDA 209803, Module 5.3.5.3, CSR for Report ASR-EQDD-B152a-DP3-253, Figure 1, Page 8)

Similar to the finding in healthy subjects, no meaningful differences were found in UGE for bid vs the
corresponding qd doses (69.45 g, 70.43 g, 78.29 g, and 80.54 g, for the 1 mg bid, 2 mg qd, 2 mg bid, and
4 mg qd ertugliflozin doses, respectively).

Compared to the median UGE value in T2DM subjects with normal renal function, administration of
ertugliflozin 15 mg to T2DM subjects with mild and moderate renal impairment resulted in UGE that was
approximately 53% to 69% of normal in subjects with mild renal impairment, and 42% to 48% of normal
in subjects with moderate renal impairment. Based on a regression model, the mean 24-hour UGE for a
T2DM subject with a BSA-normalized eGFR of 52.5 mL/min/1.73m? the UGE was predicted to be
29.5¢.

3.2.4 QT Prolongation:

No significant QTc prolongation effect of ertugliflozin 100 mg was detected in a dedicated TQT study.
The largest upper bound of the 2-sided 90% CI for the mean difference between ertugliflozin 100 mg and
placebo was below 10 ms, the threshold for regulatory concern as described in ICH E14 guidelines. The
largest lower bound of the two-sided 90% CI for the AAQTCcF for moxifloxacin was greater than 5 ms,
and the moxifloxacin profile over time is adequately demonstrated, indicating that assay sensitivity was
established. (Figure 5). For full details, please refer to the review by Dr. Moh Jee Ng in DARRTS.
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2% = Ertuglifiozin 100 mg
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Figure 5 Plot of Estimated Mean Differences of QTcF With 90% Confidence Intervals

Between Ertugliflozin and Placebo, and Moxifloxacin and Placebo
(Source: TQT Study Review by Dr. Ng, Document ID 4111621 in DARRTS, Figure 3, Page 14)
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3.3 Clinical Pharmacology Questions

3.3.1 Does the clinical pharmacology information provide supportive evidence of
effectiveness?

Yes. Two dosing regimens of ertugliflozin, 5 mg qd and 15 mg qd, evaluated in the Phase 3 program
demonstrated clinically meaningful reductions from baseline in HbAlc at week 26 in the general T2DM
patient population. In 3 Phase 3 studies conducted in T2DM population comparing ertugliflozin to
placebo, significant (p<0.001 for all comparisons) and clinically meaningful reductions in HbAlc were
observed for both the 5 mg and 15 mg doses of ertugliflozin compared to placebo when administered
either as monotherapy or when added to subjects who had inadequate glycemic control on other anti-
hyperglycemic agents (AHASs) (Table 1). Placebo-corrected reductions in HbAlc across the studies in the
ertugliflozin 5 mg and 15 mg arms ranged from 0.69% to 1.16%.

Durable HbA1c lowering through at least 52 Weeks of treatment was demonstrated by ertugliflozin 5 and
15 mg (Figure 6). Across all studies, the 15 mg dose of ertugliflozin provided a numerically greater
reduction in A1C relative to 5 mg.

Table 1 Change from Baseline in A1C(%) at Primary Timepoint by Study Full Analysis
Set: Excluding Rescue Approach
N Baseline Mean = LS Mean Change = LS Mean Difference p-value
SD SE (95% CT)

P003/1022 (Week 26) Monotherapy
Placebo 153 8.1=x002 0.20=0.089
Ertugliflozin 5 mg 156 8.2=088 -0.79=0.081 -0.99 (-1.22.-0.76) <0.001
Ernugliflozin 15 mg 151 84=x112 -0.96=0.082 -1.16 (-1.39.-0.93) <0.001
PO0O7/1017 (Week 26) Add-on to Metformin
Placebo 200 8.2=000 -0.03 = 0.065
Ertugliflozin 5 mg 207 81=0892 -0.73 = 0.062 -0.70 (-0.87.-0.53) <0.001
Ertugliflozin 15 mg 205 8.1=0093 -0.91=0.063 -0.88 (-1.05.-0.71) <0.001
P006/1015 (Week 26) Add-on to Metformin+Sitagliptin
Placebo 153 8.0=003 -0.09=0.070
Ertugliflozin 5 mg 156 8.1=x086 -0.78 = 0.067 -0.69 (-0.87.-0.50) <0.001
Ertugliflozin 15 mg 153 8.0=083 -0.86=0.008 -0.76 (-0.95,-0.58) =0.001

LS means and p-value are based on the cLDA model for the primary analysis.
(Source: eCTD for NDA 209803, Module 2.5, Clinical Overview, Table 5, Page 32)
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Figure 6
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(Source: eCTD for NDA 209803, Module 2.5, Clinical Overview, Figure 3, Page 35)

Study schematics for the 3 similarly designed studies (Studies P003/1022, P007/1017, and P006/1015) to
assess the efficacy of ertugliflozin when compared with placebo, are shown in Figure 7.
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Study P003/1022: 26-Week Multicenter Study with a 26-Week Extension of Ertugliflozin
Monotherapy in T2DM and Inadequate Glycemic Control despite Diet and

Exercise

Goto combined
Visit $2/53

No AHA for at least 8 weeks
priorto 51;
HbAlc 7.0-10.5%, Inclusive

Ertugliflozin 5 mg once daily (N = 150}

Placebo

i Ertuglifiozin 15 mg once daily (N = 150

Placebo with addition of Metforminin Phese B**
(N =150)

Monotherapy with Other D/C Other AHA;
Single Allowable AHA; No AHA for 28 weeks

HbA1c 5.5-9.5%", inclusive

Dietand Exercise Counseling/Manitoring

I__----F---

s 1 Week 5 VroDle Depending on 5 va  ovs ve w7 va vi0
Seraening 6 Wk-2 D1 Wk Wk Wk Wk Wk Wk
6 12 18 26 39 52

Phase AT T Phase B ***

1 Subjects in this group will randomize only if HbAlc at 53 visit is 7.0-10.5%, inclusive

++ Metformin is only for subjects who did not receive glycemic rescue in Phase A

++* Glycemic rescue therapy (metformin in Phase A/glimepiride in Phase B) initiated for
subjects who meatprog ively stricter gly ic thresholds during the trial

Collectionot data
for primary
endpoint (Wk 26)

Study P007/1017: 26-Week Multicenter Study with a 78-Week Extension of Ertugliflozin in
T2DM and Inadequate Glycemic Control on Metformin Monotherapy

Met. monotherapy,
21500 moiday for 28 weeks; ;o

IS TTTETANTIY Goto combined Visit
S22

Ertuglifiozin 5mg once daily (N = 200) +
Glimepiride Placebo in Phase B **
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1500 moiday for <8 Placebo
weeks;HDATCTO%- YIRS ETSYR [P
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Placebo with addition of Glimepiridein Phase B ' * (N = 200)

Met. & another single
e s D/C other AHA and titrate

65%-95%ats11 = h
gosato 21500 mgiday -
Stable Metformin
il nesk
needed and z 8weeks Background

dose stable penod

e e

$1 Theer  gpVwatecesendnion g3 yy w5 V6 VI V8 V9 VIO VHH V2 VI3 V4 V1S
Screening S Wk2 DI Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk Wk
6 12 18 26 30 39 5 65 B9 14

* Subjects in these groups will be randomized only if HbA1c at§3 PhaseA™™”
visitis between 7.0-10.5 % inclusive.
7 Glimepiride'Glimepiride placeb wodylorsubpcumdd
not receive glycemlc nswelhuapyln m:mm & 26)
"‘amkmmmy(OmeMymeﬂtHa)ww
insulin initiated for suby 4 Proge
gfyouulcnnshoktlnphlnk
Basal insulin also initiated in th Bfor sub;tas meeting
ively stricter gly

b

24

Reference ID: 4141151



Study P006/1015: 26-Week Multicenter Study with a 26-Week Extension of Ertugliflozin in
T2DM Who Have Inadequate Glycemic Control on Metformin and Sitagliptin

MF 21500 mg/day + sitagliptin 100 mg/day for 28 weeks
A1C 27 0 and £10.5%.
Subjects go directly to combined Visit 2/3

Ertuglifiozin 5mg once daily (N =135)

MF 21500 mg/day + sitagliptin 100
mg/day for <8 weeks”
A1C 27.0 and 510.5%

MF 21500 mg/day and DPP-4 placebo L
inhibitor (other than sitagliptin) ™ . Ertuglifiozin 15 mg once daily (N = 135
A1C 27.0 and £10.5% rnn /R g S !

MF 21500 mg/day and SU™
AlC 27 0and £10.5%

Placebo (N =135)

MF <1500 mg/day and DPP-&
inhibitor ™"
ALC 275 and €11 0%

A1C 27.0 and $10.5%

Glimepiride rescue

........................................................... >
Wash-off/Titrationy Placebo
I Screening | Dosestatiization l Run-in | Double-Blind Treatment Period
| 1 Week ] Variable cependingon | | | | | | |
regimen wVise 1
vi v2 V3 va Vs V6 v7 ve V9 V10
Wk -2 Day1 Wk6  Wk12 wk 18 Wk 26 Wk 39 Wk 52
Phase A Phase B
A = metformin, SU = mulfomytures | i . b
NOTE: Bockground treatment with MF + DPP-4 inhibitor (including sitagliptin) may either be co-administered or taken in a fixed-com combingtion tadlet. Fixed-cose combination therapy will be

tment with MF and sitagliptin at V2 or combined V2/3 (e appropricte]

* Subjects will continue stabie Gose of MF « sitagliptin for Ot east 8 wesks prics to entering the locebo run-in period at V3/Wk -2

** SuBjects will swizch 10 sl 1003.4d.0t complate o dose stodIli2ation pariod with MF and sitagliptin for o1 1303t 8 weeks priorto V3/Wik -2.

*** Subjects will discontinue SU ond switch to i in 1004.4. 0 V2, 0nd complete & Cose sTobilizution period with MF and S'toglipein for at least 8 weeks prior to V3/Wik -2.

" Subjects will switch to sitegliptin 100G.d. ot V2 (if appiicabie) and titrate ME 10 21300 m3/coy over G period of up to 4 weeks. Subjects will then complete @ dose SaBINITTION period with MF and
sitagliptin for ot leaxt § weeks prior to V3/Wk -2

AlC=hemoglobin A;.: DPP-4=dipeptidyl peptidase-4: MF=metformin: N=number of subjects; q.d.=once daily;
R=randomization: SU=sulfonvlurea: V=visit: Wk=week.
Figure 7 Schematic for Studies P003/1022, P007/1017 and P006/1015
(Source: eCTD for NDA 209803, Module 5.3.5.1, CSR for Study P003/1022, Figure 1, Page 66, CSR for Study P007/1017,
Figure 1, Page 76, and CSR for Study P006/1015, Figure 1, Page 67)

switched 2o co-cdministration

Study P003/1022 (26-Week Multicenter Study with a 26-Week Extension of Ertugliflozin
Monotherapy in T2DM and Inadequate Glvcemic Control despite Diet and Exercise):

Pharmacokinetics:
Trough plasma ertugliflozin concentrations drawn from weeks 6 through 26 showed that steady state was
achieved following both 5 mg and 15 mg doses (Figure 8).

Study P003: 26-Week Multicenter Study with a 26-Week Extension to Evaluate the Efficacy and
Safety of Ertugliflozin Monotherapy in the Treatment of Subjects with Type 2Diabetes Mellitus and
Inadequate Glycemic Control Despite Diet and Exercise

Week 6-26: Trough Concentrations

150
= 125 |
EE 100
53 :
- !
i
FE o] T ;
£8  4— :
! i i
28 + . +
o 8 10 12 " 16 18 20 22 24 26
Time (Weeks)
T * Ertagliflozin 5 mg floxin 15 mg
Figure 8 Mean (+SD) Trough Plasma Ertugliflozin Concentrations Following 5 mg and

15 mg Doses
(Source: Reviewer generated plot)
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Change From Baseline in HbAlc:

Least Squares mean changes from baseline in HbAlc over time showed that the initial reductions in mean
HbAlc at Week 6 were followed by smaller subsequent reductions at each time point through Week 26.
Baseline mean HbAlc of 8.11, 8.16 and 8.35 for placebo, ertugliflozin 5 mg and ertugliflozin 15 mg,
respectively, was similar among all treatment groups. The point estimate of the reduction in A1C was
numerically greater in the ertugliflozin 15 mg group than in the ertugliflozin 5 mg group at each time
point (Figure 9). In the placebo group, there was a small increase from baseline in HbAlc throughout the
study. Both treatments reached statistical significance (p<0.001 for both treatments) when compared to
placebo.

0.4 T T

0.3 i
0.2 I\{
0.1

LS Mean Change from Baseline (+ SE)

-1.0
-1.1

Baseline Week 6 Week 12 Week 18 Week 26
Time (weeks)

Treatment * Ertugliflozin 15 mg Ertugliflozin 5 mg @ Placebo

Figure 9 LS Mean Change From Baseline Over Time for HbA1c (Study P003, Full

Analysis Set: Excluding Rescue Approach)
(Source: Reviewer generated plot)

Study P007/1017 (26-Week Multicenter Study with a 78-Week Extension of Ertugliflozin in T2DM and
Inadequate Glycemic Control on Metformin Monotherapy):

Pharmacokinetics:
Trough plasma ertugliflozin concentrations drawn at weeks 6, 12 and 18 showed that steady state was
achieved following both 5 mg and 15 mg doses.

Change From Baseline in HbAlc:

LS mean changes from baseline in HbAlc over time, excluding data after initiation of glycemic rescue
therapy showed that large reductions in mean HbA1cHbALc in the ertugliflozin groups through Week 12
were followed by smaller reductions through Week 26. Baseline mean HbAlc of 8.17, 8.06 and 8.13 for
placebo, ertugliflozin 5 mg and ertugliflozin 15 mg, respectively, was similar among all treatment groups.
The point estimate of the reduction in HbAlc was numerically greater in the ertugliflozin 15 mg group
than in the ertugliflozin 5 mg group at each time point (Figure 10). In the placebo group, there was no
clinically meaningful change from baseline in HbAlc throughout the study. Both treatments reached
statistical significance (p<0.001 for both treatments) when compared to placebo.
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Treatment * Ertugliflozin 15 mg Ertuglifiozin 5 mg © Placebo

Figure 10 LS Mean Change From Baseline Over Time for HbA1c (Study P007, Full

Analysis Set: Excluding Rescue Approach)
(Source: Reviewer generated plot)

Study P006/1015 (26-Week Multicenter Study with a 26-Week Extension of Ertugliflozin in T2DM Who
Have Inadequate Glycemic Control on Metformin and Sitagliptin):

Change From Baseline in HbAlc:

LS mean changes from baseline in HbAlc over time, excluding data after initiation of glycemic rescue
therapy, show that in the ertugliflozin groups, reductions from baseline in HbAlc were observed at Week
6 (first scheduled post-randomization assessment) with subsequent further reductions seen at Week 26.
Baseline mean HbA1c of 8.03, 8.05 and 8.00 for placebo, ertugliflozin 5 mg and ertugliflozin 15 mg,
respectively, was similar among all treatment groups.As was observed in other studies, the reduction in
HbAlc was numerically greater in the ertugliflozin 15 mg group than in the ertugliflozin 5 mg group at
each time point (Figure 11). In the placebo group, there was essentially no change from baseline in
HbALc through Week 18; thereafter, a small reduction in HbAlc was observed at Week 26.
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Figure 11 LS Mean Change From Baseline Over Time for HbA1c (Study P006, Full

Analysis Set: Excluding Rescue Approach)
(Source: Reviewer generated plot)

Study P001/1016 (26-Week Multicenter Study with a 26-Week Extension of Ertugliflozin in T2DM
Patients with Stage 3 Chronic Kidney Disease Who Have Inadequate Glycemic Control on Background
Antihyperglycemic Therapy):

Pharmacokinetics:
Trough plasma ertugliflozin concentrations drawn at weeks 6, 12 and 18 showed that steady state was
achieved following both 5 mg and 15 mg doses.

Change From Baseline in HbAlc:

LS mean changes from baseline in HbAlc over time, excluding data after initiation of glycemic rescue
therapy showed that large reductions in mean HbALc in the ertugliflozin groups through Week 12 were
followed by smaller reductions through Week 26. Baseline mean HbAlc of 8.17, 8.06 and 8.13 for
placebo, ertugliflozin 5 mg and ertugliflozin 15 mg, respectively, was similar among all treatment groups.
Decreases in HbAlc were seen in both the ertugliflozin 15 mg and 5 mg groups with an apparent nadir at
the first measurement (Week 6), followed by stable reductions in HbA1c levels over the remainder of the
treatment period. For the placebo group, a modest but progressive decrease was observed through Week
18, with a more notable decrease after Week 18, attenuating the differences between the placebo and
ertugliflozin treatment groups at Week 26 (Figure 12).

The safety and efficacy of ertugliflozin have not been established in patients with moderate renal
impairment (see clinical review by Dr. Frank Pucino and statistical review by Dr. Alexander Cambon in
DARRTS for further details). The glucose-lowering efficacy of ertugliflozin decreased in patients with
worsening renal function. Compared to placebo-treated patients, patients with moderate renal impairment
treated with ertugliflozin had increased risks for renal impairment, renal-related adverse reactions and
volume depletion adverse reactions. Ertugliflozin is contraindicated in patients with severe renal
impairment (eGFR below 30 mL/minute/1.73 m?), end-stage renal disease, or receiving dialysis.
Initiation of ertugliflozin in patients with moderate renal impairment (eGFR of 30 to less than 60
mL/minute/1.73 m?) is not recommended. Use of ertugliflozin in patients whose eGFR later falls
persistently between 30 and 60 mL/min/1.73 m? is not recommended.
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Figure 12 LS Mean Change From Baseline Over Time for HbA1c (Study P001, Full

Analysis Set: Excluding Rescue Approach)
(Source: Reviewer generated plot)

3.3.2 Isthe proposed general dosing regimen appropriate for the general patient population
for which the indication is being sought?

Yes, the proposed general dosing regimen of ertugliflozin 5 mg once daily, taken in the morning, with or
without food is appropriate for T2DM patients, based on the assessment of PK, PD, efficacy and safety
measurements. In patients tolerating ertugliflozin 5 mg once daily, the dose may be increased to 15 mg
once daily if additional glycemic control is needed.

3.3.2.1 Ertugliflozin Dose Selection

Phase 3 Dose Selection

The phase 3 dose selection was primarily based on the dose-response results in HbAlc reduction in
T2DM subjects from a 12-week Phase 2 dose-ranging study (Study P016/1006). The summary of the
statistical analysis (ANCOVA) of change from baseline in HbAlc at Week 12 (primary efficacy
endpoint) is shown in Table 2. The dose-response relationship in change from baseline of HbAlc at Week
12 was described by a maximum effect (Emax) model that included dose as a continuous variable

(Figure 13).
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Table 2:

Summary of the Statistical Analysis (ANCOVA) of Change From Baseline in

HbA1c at Week 12(Study P016/1006)

5 1 mgQD 5 mg QD 10 mg QD 25 mg QD
Week 12
N 51 53 54 53 51 50
LSM -0.11 -0.87 -0.56 -0.80 -0.73 -0.83
80% CI -0.25, 0.04 -1.01,-0.73 -0.69, -0.42 -0.94, -0.66 -0.87,-0.58 -0.98, -0.69
Difference from placebo
LSM -0.76 -0.45 -0.69 -0.62 -0.72
80% CI -0.97,-0.56 -0.65, -0.25 -0.89, -0.49 -0.82,-0.42 -0.93,-0.52
p-value 0.000 0.002 0.000 0.000 0.000

Abbreviations: ANCOVA=analysis of covariance; CI=confidence interval; HbAlc=glycosylated hemoglobin Alc;
LSM=least squares mean; N=number of subjects; Based on ANCOVA with treatment as fixed effect and baseline as
a covariate. Full Analysis Set was based on primary endpoint HbAlc. p-value was one-sided.

Change from Baseline (%)

-1.00

Figure 13
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P

& -
I

Dose-Response Analysis (3-Parameter Enax) of Percent Change From Baseline
in HbA1c at Week 12

(Source: Applicant’s study report for Study P016/1006, Figure 2)

The phase 3 dose selection was also supported by dose-response relationship of 24-hour UGE, in subjects
with T2DM from the 4-week Phase 2 Study P042/1004. See section 3.2.3.2 for details.

Ertugliflozin doses of 5 mg and 15 mg QD were selected for evaluation in the phase 3 studies. Model-
predicted responses for key endpoints at ertugliflozin doses of 5 mg and 15 mg are presented in Table 3.
At the 5 mg and 15 mg doses, the model-predicted responses were >80% and >90% of the maximum
response, respectively.

Reference ID: 4141151
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Table 3 Model-Predicted Placebo-adjusted Change from Baseline Responses for Key
Endpoints Based on Phase 2 Studies

Ertugliflozin Dose Al1C (%) FPG (mg/dL) Body weight (%) UGE,, (g)

(mg) EDs;=1.0 mg ED;=1.1 mg ED;,=0.8 mg ED5,=0.75 mg
E.=-0.77% E,.=-34.8 mg/dL E,..=-211% E,..=71.5¢g

5 -0.64 -28.4 -1.81 62.5

15 -0.72 -32.4 -2.00 68.9

(Source: Applicant’s Summary Of Clinical Pharmacology Studies, Table 13)

Therefore, both the 5 mg and 15 mg doses were predicted to provide clinically meaningful efficacy, with
the 15 mg dose providing incremental HbAlc lowering compared to the 5 mg dose. Both doses are
expected to be safe, because the safety profiles of single oral doses as high as 300 mg, multiple doses of
100 mg QD up to 14 days and 25 mg QD up to 12 weeks were found to be acceptable in the phase 1 and
phase 2 studies.

Dose-Response Analyses on HbAlc

The applicant additionally conducted population dose-response analyses on HbAlc based on pooled data
from study P016/1006 and four phase 3 studies. The effects of intrinsic (e.g. demographic, baseline
HbA1c, renal function), diabetes duration and/or extrinsic (e.g. background treatment, lead-in time)
factors were explored. See section 4.3.2 for details.

A longitudinal dose-response model was fitted to the data for the primary evaluation of HbAlc lowering
effect of ertugliflozin. Based on the final model parameter estimates, the 5 mg and 15 mg doses elicited
HbA1c responses (-0.617% and -0.698%, respectively) that were >80% and >90% of the model-estimated
Emax (-0.745%) and consistent with the results on the dose-response model using Phase 2 data (Table 3).
HbA1c responses for ertugliflozin 5 mg and 15 mg for a representative T2DM patient were predicted
based on the final model and are presented in Table 4.

Table 4: Model-Predicted Mean (95% CI) HbA1c Response for Ertugliflozin 5 mg and
15 mg Doses at Week 26 for a Representative T2DM Patient

Response Mean change from baseline  Mean Placebo-Adjusted change from
(%) baseline (%)
(95% CI) (95% CI)

Placebo -0.113 —
(-0.201, -0.003981)

Ertugliflozin 5 mg -0.788 -0.674
(-0.855, -0.723) (-0.805, -0.565)

Ertugliflozin 15 mg -0.849 -0.735
(-0.905, -0.794) (-0.869, -0.626)

The “representative T2DM patient” for this analysis was defined ased on the demographics of placebo-controlled pool as a 57.3
year old patient, weighing 85 kg, with an eGFR of 88.9 mL/min/1.73 m2, a baseline HbAlc of 8.1%, disease duration of 7.5
years, and on a background treatment of metformin.

(Source: Applicant’s Summary Of Clinical Pharmacology Studies, Table 15)

Observed and final model-predicted mean HbAlc response versus ertugliflozin dose by study at week 26
for the longitudinal dose-response final model are shown in Figure 14.
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Mean observed (black circle) and estimated (red circle) HbAlc change from baseline (%). Vertical black lines represent associated 5th and 95th
quantiles of observed individual patient data for each dose in the respective studies. Estimated HbAlc was generated as the difference between
each subject’s individual prediction of HbAlc and baseline HbAlc.

Figure 14 Observed and Final Model-Predicted Mean HbA1c Response versus

Ertugliflozin Dose by Study at Week 26
(Source: eCTD for NDA 209803, Module 5.3.5.3, CSR for Report PMAR-EQDD-B152a-DP4-407, Figure 3, Page 31)

3.3.3 Is an alternative dosing regimen and management strategy required for
subpopulations based on intrinsic factors?

No, based on PopPK analysis, an alternative dose or dosing regimen is not required for subpopulation
based on the intrinsic factors such as weight, age, gender, and race. Effect of other intrinsic factors —
hepatic impairment, renal impairment, ethnicity and UGT1A9 polymorphism are discussed below.

3.3.3.1 Hepatic Impairment

Total ertugliflozin AUC and Cnax decreased by approximately 13% and 21%, respectively, in moderate
hepatic impairment compared to the normal hepatic function group (Table 5). Approximately 3%-4% of
ertugliflozin was unbound in plasma, and there were no meaningful differences in the plasma protein
binding of ertugliflozin between the two groups. There was an approximately 4% and 13% decrease in
unbound AUC and Cmay, respectively. This slight decrease in AUC and Cmax 0bserved in subjects with
moderate hepatic impairment was not considered to be clinically relevant. Terminal ertugliflozin ti»
values were similar for the two groups. There was a ~46% higher exposures of the glucuronide metabolite
M5c (formed mainly via UGT1A9) in the moderate hepatic group compared to the normal hepatic
function group. Metabolite M5a (formed via UGT2B7) exposures followed similar trends as ertugliflozin
and was slightly lower in moderate hepatic impairment subjects compared to normal hepatic function
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subjects. Ertugliflozin pharmacokinetics were not evaluated in patients with mild hepatic impairment,
however, it would be expected that there would be no increase in exposure with mild hepatic impairment.

Table 5 Statistical Summary of Treatment Comparisons for Ertugliflozin
Pharmacokinetic Parameters- Moderate Hepatic Impairment Versus Normal
Hepatic Function

Adjusted Geometric Means

Moderate . . Ratio o
Hepatic Normal Hepatlc (Test/Reference) 20% C.I
: Function . _ a for Ratio
Impairment (Reference) of Adjusted Means
Parameter (Units) (Test)
AUCy¢ (ngehr/mL) 1430 1636 87.43 (68.11,112.22)
AUC (ngehr/mL) 1413 1618 87.31 (68.01. 112.08)
Cpax (ng/mL) 251.1 319.0 78.70 (65.74,94.23)

@ The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.3 CSR for Study P014, Table 12, Page 59)

Distribution and expression of the predominant metabolic pathway UGT1A9 and UGT2B?7 in tissues
other than the liver, e.g., kidney, probably explains the lack of an increase in ertugliflozin AUC due to
moderate hepatic impairment. No dose adjustment is recommended in patients with mild or moderate
hepatic impairment. Ertugliflozin PK have not been evaluated in subjects with severe hepatic impairment.

3.3.3.2 Renal Impairment

Ertugliflozin pharmacokinetics were evaluated in a dedicated renal impairment study in mild, moderate
and severe renal impairment patients. Ertugliflozin AUCiqs was higher in subjects with mild, moderate
and severe renal impairment (Figure 15). The mean increases in exposures were less than 2-fold

(Figure 16) and are not anticipated to be clinically meaningful. Compared to T2DM subjects with normal
renal function, the change from baseline in 24-hour UGE on Day 1 for T2DM subjects with mild,
moderate and severe renal impairment decreased with decline in renal function.

Study P009: Regression and 90% CI of Ertugliflozin Ln AUC(0-inf) as a function of BSA-
Normalized eGFR in Subjects with Varying Degrees of Renal Function

1 i : ] Parameter Estimates for Log AUCnI
8.4 } } : t Slope 0.0239
. ' ' Intercept 2.1302
8.2 4 * A A R-Square 0.5654
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Figure 15 Regression and 90% CI of Ln AUC;,s After Oral Administration of Ertugliflozin
Versus BSA-Normalized eGFR in Subjects with Varying Degrees of Renal

Function
(Source: Reviewer generated plot)
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(Source: Reviewer generated plot)

Individual and Geometric Mean Plasma Ertugliflozin AUCiys (Left Panel) and
Cmax (Lower Panel) Values by Renal Function Group

Based on the population PK analysis, ertugliflozin CL/F is reduced with decreasing eGFR. Subjects with
an eGFR of 75 mL/min/1.73 m? (mild renal impairment) and 45 mL/min/1.73 m? (moderate renal
impairment) would have 8% and 27% lower CL/F, respectively, relative to a reference subject with an
eGFR of 90 mL/min/1.73 m?. These changes in CL/F translate to an increase in AUC of ~9% and 37%.
respectively, and are consistent with the results of the renal impairment study (Table 6). Since the
increases in ertugliflozin exposure with renal impairment are <1.7-fold, these are not considered
clinically relevant and no dosage adjustment is recommended in patients with renal impairment based on

PK.
Table 6 Statistical Summary of Treatment Comparisons for Ertugliflozin
Pharmacokinetic Parameters
Parameters Test” Reference Adjusted Ratio” 90% CI
(Units) Geometric Mean (%) (%)
Test Reference
AUCys Healthy normal ~ T2DM Normal 1236 1199 103.07 (80.32.132.27)
(ng*hr/mL) Mild Pooled Normal 1908 1220 156.34 (127.83,191.23)
Moderate Pooled Nornal 2075 1220 170.04 (139.02. 207.98)
Severe Pooled Normal 1895 1220 155.26 (124.38, 193.80)
AUCq Healthy normal ~ T2DM Normal 1214 1174 103.42 (80.66.132.61)
(ng*hr/mL) Mild Pooled Normal 1814 1196 151.63 (124.05. 185.34)
Moderate Pooled Normal 2011 1196 168.11 (137.53.205.49)
Severe Pooled Normal 1816 1196 151.80 (121.69. 189.36)
CL/F Healthy normal T2DM Normal 202.1 2088 96.80 (75.41.124.25)
(mL/min) Mild Pooled Normal 130.9 205.0 63.85 (52.19.78.11)
Moderate Pooled Normal 120.4 205.0 58.74 (48.01, 71.86)
Severe Pooled Nornal 132.0 205.0 64.39 (51.57. 80.40)
Coay (ng/mL) Healthy normal T2DM Normal 219.3 2159 101.57 (78.83. 130.87)
Mild Pooled Normnal 313.1 217.8 143.74 (117.15.176.37)
Moderate Pooled Normal 305.7 2178 140.37 (114.40, 172.23)
Severe Pooled Normal 196.4 217.8 90.18 (71.99.112.96)
CL,(mL/min)  Healthy normal ~ T2DM Normal 1.682 2.092 80.39 (59.41. 108.76)
Mild Pooled Normal ~ 0.9872 1.847 53.46 (41.64. 68.63)
Moderate Pooled Normal 0.8024 1.847 4345 (33.85.55.78)
Severe Pooled Normal ~ 0.5360 1.847 29.02 22.04,38.21)

2Mild, moderate and severe refer to T2DM subjects with corresponding degrees of renal impairment.
® The ratios (and 90% Cls) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.3 CSR for Study P009, Table 14, Page 79)

Similar to other SGLT?2 inhibitors (canagliflozin, dapagliflozin, empagliflozin), a decline in 24-hour UGE
was observed with a decrease in renal function despite increased ertugliflozin exposures in subjects with
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T2DM (Figure 17). Dose adjustments based on matching exposures are not appropriate for the SGLT2
inhibitor class. Since glycemic efficacy of ertugliflozin depends on the filtered glucose load, ertugliflozin
is not recommended for use in patients with eGFR <45 mL/min/1.73m?,

Study P009: Regression and 90% CI of Ertugliflozin Ln Change from Baseline in 24-Hour UGE as a
function of BSA-Normalized eGFR in Subjects with Varying Degrees of Renal Function

Paramater Esljmateslﬂrlng'uulichange from Baseline 1
6.2 Slope : : 0.0239

. Intercept ' 2.1302
5.8 R-Squate 1 0.5654

5.4
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Figure 17 Regression and 90% CI of Ln Change from Baseline in 24-Hour UGE After Oral
Administration of Ertugliflozin Versus BSA-Normalized eGFR in Subjects with

Varying Degrees of Renal Function
(Source: Reviewer generated plot)

3.3.3.3 Ethnicity

In a study evaluating the PK/PD of ertugliflozin in healthy Japanese and Western subjects, following
single dose administration, ertugliflozin Crmax and AUC st increased with dose in an approximately dose
proportional manner in both populations. No meaningful ethnic differences were observed in dose-
normalized ertugliflozin Cmax and AUC st between Japanese and Western healthy subjects through all 3
doses evaluated (Figure 18). The median Tmax Was 1.0 to 1.5 hours under fasting conditions, and 2.5
hours under fed conditions. Following multiple-dose administration, steady-state was reached reached by
Day 4. The accumulation ratio of following multiple-dose was 1.11 and the estimated half-life was 9.91
hours.
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Effect of Ethnicity on the Pharmacokinetics of Ertugliflozin
Geometric Mean Ratio and 90% CI

Geometric Mean
Subgroup 90% Confidence Intervals ) Ratio (90% CI)

Japanese Subjects . :

(5mg/1mg Dose Comparison) : N

Cmax ' — e 102.54 ( 88.82, 118.24)
AUC{last) :r —_— 120.18 (112,51, 128.37)
(25mg/1mg Dose Comparison) 'r :
Cmax N E— H 96.19 ( 83.41, 110.93}
AUC{last) I: —.—é— 121.99 (114.21, 130.31)
‘Western Subjects : :
(5mg/1mg Dose Comparison) I: E
Crmax E - : 113.31(98.25, 130.66)
AUC{last) H PR — 11558 (108.21, 123.46)
(25mg/1mg Dose Comparison) . .
Crmax ' S 129.35 (112.16, 149.16)
AUC{last) i —E..— 120.37 (12111, 138.19)
r T T 1
50 80 100 125 150
Jopanese to Western Subjects Comparison Corried out by Mixed effect model with dose, populotions ond interaction term of dose
by population as fixed effects, subject within population as a random effect wos used for the comparison
Figure 18 Dose-Normalized Ertugliflozin Exposure Comparison Among Dose Levels by

Ethnic Groups
(Source: Reviewer generated plot)

A dose-dependent effect on UGE as well as inhibition of renal glucose reabsorption was observed after
administration of ertugliflozin single oral doses to healthy Japanese and Western subjects. There was an
overlap of the range of UGE values and inhibition of renal glucose reabsorption between Japanese and
Western subjects at equivalent doses suggesting no meaningful ethnic differences in the PD between the 2

populations (Figure 19).

Cumulative Urinary Glucose Excretion Over 0-24 Hours by Dose and Population
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Figure 19 Cumulative Urinary Glucose Excretion Over 0-24 Hours by Dose and

Population
(Source: Reviewer generated plot)
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3.3.3.4 UGT1A9 polymorphism

Since UGT1AQ9 is polymorphic, the Sponsor collected genotype data for 3 allelic variants, rs72551330
(UGT1A9*3), rs17868320 (UGT1A9 -2152 ), and rs3832043 (UGT1A9*22; recently reclassified as
UGT1A9 *1b) in 20 Phase 1 studies (11 Phase 1 studies supporting ertugliflozin and 8 BE studies
supporting FDC formulations of ertugliflozin with metformin or sitagliptin. A pooled analysis of AUC
values from the 20 Phase 1 studies was conducted to evaluate the impact of UGT1A9 genotype on the PK
of ertugliflozin. The dataset contained 417 subjects with ertugliflozin AUC values and UGT1A9
genotype information. There were 100 true wild type subjects, 16 heterozygous variants of rs17868320,
31 heterozygous variants of rs72551330, 70 homozygous variants of rs3832043, and 147 heterozygous
variants of rs3832043.

The relationship between AUC values (AUCixs after single-dose or AUC at steady state) and dose was
described with the structural model (AUC=Slope*Dose+Intercept) and the 3 UGT1A9 allelic variants
were introduced multiplicatively as categorical covariates. The impact of UGT1A9 genotype on
ertugliflozin AUC based on the final parameter estimates is shown in Figure 20. Ertugliflozin AUC was
not significantly affected by the rs17868320 heterozygous variant or the rs3832043 homozygous variant
(95% Cl included 1). Ertugliflozin AUC increased by about 10% (95% CI: 3%, 17%) with the
rs72551330 heterozygous variant, and decreased by about 6% (95% CI: 1%, 11%) with the rs3832043
heterozygous variant.

Estimated Impact of UGT1A9 Genotype on AUC

RS30_het- ! : l_._| E

oo ] s
L —— | e

1 ' '
1 ] ]
' ' '
| | ! i !

o8 0s 0 2

Change Relative to Wild Type

Figure 20 UGT1A9 Genotype Effects on Ertugliflozin AUC

The 90th percentiles of the bootstrap confidence intervals for AUC are provided. Effects are reported relative to the wild type
subjects in the analysis. A value of one (1) represents no change. RS30_het = rs72551330 heterozygous variant; RS20_het =
rs17868320 heterozygous variant; RS43_hom = rs3832043 homozygous variant; RS43_het = rs3832043 heterozygous variant.
(Source: eCTD for NDA 209803, Module 2.7.2 Summary Of Clinical Pharmacology Studies, Figure 3, Page 67)

Overall, the mean effects of the allelic variants on AUC were within £10% of the wild type and are not
considered clinically relevant.
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3.3.4 Are there clinically relevant food-drug or drug-drug interactions and what is the
appropriate management strategy?

3.3.4.1 Food-Drug Interaction

Compared to fasted conditions, administration of 15 mg ertugliflozin with a high fat meal reduced AUC
by about 9%, Cmax by approximately 29% and delayed median Tmax by 1 hour (Table 7). There were no
meaningful effects on AUCir(Figure 21). The decrease in ertugliflozin Cuax with food is not anticipated
to be clinically relevant.

Table 7 Statistical Summary of Treatment Comparisons for Plasma Ertugliflozin
Pharmacokinetic Parameters Under Fasting and Fed Conditions

Parameter (Units) Adjusted Geometric Means Ratio 90% CI
Ertugliflozin Ertugliflozin (Test/Reference) for Ratio
15 mg Fed (Test) 15 mg Fasted of Adjusted Means”
(Reference)
AUC ¢ (ng*h/mL) 1210 1320 91.65 (88.01.9544)
AUC, (ng*h/mL) 1191 1302 91.51 (87.62.95.57)
Coax (ng/ml) 193.2 273.4 70.65 (61.71. 80.88)

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.1.1 CSR for Study P024, Table 10, Page 43)
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Figure 21 Individual and Geometric Mean Plasma Ertugliflozin AUC;,¢ (Left Panel) and
Cmax (Right Panel) Values by Treatment

(Source: Reviewer generated plot)

Ertugliflozin may be administered without regard to meals.
3.3.4.2 Drug-Drug Interactions

Five drug-drug interaction studies were conducted with ertugliflozin, as shown in the table below:

Category Study Description Study Number
DDI Ertugliflozin 15 mg and sitagliptin 100 mg P022/1033
Ertugliflozin 15 mg and metfermin 1000 mg P019/1032
Ertugliflozin 15 mg and glimepiride | mg P032/1044
Ertugliflozin 15 mg and simvestatin 40 mg P030/1036
Ertugliflozin 15 mg and rifampin 600 mg qd x 10 days P021/1040
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3.3.4.21 Two-Way Drug-Drug Interaction Between Ertugliflozin 15 mg and Sitagliptin
100 mg

A two-way drug-drug interaction study to evaluate the effect of ertugliflozin on the PK of sitagliptin, and
the effect of sitagliptin on the PK of ertugliflozin were evaluated in Study P022.

As shown Table 8, the geometric mean ratios for ertugliflozin AUCinr and Cmax Were 102.27% and
98.18%, respectively, and the corresponding 90% CIs were (99.72%, 104.89%) and (91.20%, 105.70%),
indicating that there are no meaningful differences in the PK of ertugliflozin when it is administered with
sitagliptin, as compared to oral administration of single dose of ertugliflozin alone (Figure 22).

Table 8 Statistical Summary of Treatment Comparisons for Plasma Ertugliflozin
Pharmacokinetic Parameters Following a Single Oral Dose of Ertugliflozin
Alone and Co-administered with Sitagliptin

Plasma Adjusted (Least-Squares) Geometric Ratio 90% CI for Ratio
Ertugliflozin Means (Test/Reference)
parameter (unit) Ertugliflozin 15 mg Ertugliflozin of Adjusted
SD + Sitagliptin 15 mg SD Means”
100 mg SD (Reference)
(Test)
AUC¢ (ng-hr/mL) 1445 1413 102.27 (99.72. 104.89)
C e (ng/ml) 258.1 262.9 98.18 (91.20. 105.70)

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P022, Table 11, Page 44)

AUCin¢ Cmax
Individual and Mean Plasma Ertugliflozin AUC(0-inf) by Treatment Individual and Mcan Plasma Ertugliflozin Cmax by Treatment
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Figure 22 Individual and Geometric Mean Plasma Ertugliflozin AUC;y¢ (Left Panel) and
Cmax (Right Panel) Values Following a Single Oral Dose of Ertugliflozin Alone

and Co-administered with Sitagliptin
(Source: Reviewer generated plot)

As shown in Table 9, the geometric mean ratios for sitagliptin AUCips and Cmax were 101.67% and
101.68%, respectively, and the corresponding 90% CIs were (98.40%, 105.04%) and (91.65%. 112.80%),
indicating that there are no meaningful differences in the PK of sitagliptin when it is administered with
ertugliflozin, as compared to oral administration of single dose of sitagliptin alone (Figure 23).
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Table 9 Statistical Summary of Treatment Comparisons for Plasma Sitagliptin
Pharmacokinetic Parameters Following a Single Oral Dose of Sitagliptin Alone
and Co-administered with Ertugliflozin

Plasma Adjusted (Least-Squares) Geometric Ratio 90% CI for Ratio
Sitagliptin Means (Test/Reference)
parameter Ertugliflozin 15 mg SD Sitagliptin of Adjusted
(unit) + Sitagliptin 100 mg SD 100 mg SD Means”
(Test) (Reference)
AUC,s (uM-hr) 6.997 6.882 101.67 (98.40, 105.04)
Ciax (nM) 805.3 792.0 101.68 (91.65.112.80)

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P022, Table 13, Page 49)
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Figure 23 Individual and Geometric Mean Plasma Sitagliptin AUCiys (Left Panel) and Cuax

(Right Panel) Values Following a Single Oral Dose of Sitagliptin Alone and Co-

administered with Ertugliflozin
(Source: Reviewer generated plot)

3.3.4.2.2 Two-Way Drug-Drug Interaction Between Ertugliflozin 15 mg and Metformin
1000 mg

A two-way drug-drug interaction study to evaluate the effect of ertugliflozin on the PK of metformin, and
the effect of metformin on the PK of ertugliflozin were evaluated in Study P019.

As shown in Table 10, in presence of metformin, the ratios of the adjusted least squares means for
ertugliflozin AUCjas, and Comax Were 100.34% and 97.14%, respectively, and the 90% CIs for the ratios fell
entirely within the equivalence limits of (80%, 125%), indicating that there are no clinically meaningful
differences in ertugliflozin PK when it is co-administered with metformin, as compared to a single dose
of ertugliflozin alone (Figure 24).
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Table 10

Statistical Summary of Treatment Comparisons for Plasma Ertugliflozin
Pharmacokinetic Parameters Following a Single Oral Dose of Ertugliflozin
Alone and Co-administered with Metformin

Parameter (Units) Adjusted (Least-Squares) Geometric Means Ratio 90% CI
Ertugliflozin 15 mg  Ertugliflozin 15 mg (Test/Reference) for Ratio
+ Metformin 1000 mg (Reference) of Adjusted Means”
(Test)
AUC¢ (nghvmL) 1380 1376 100.34 97.43.103.34
AUCy (ng.h/mL) 1367 1346 101.52 98.65.104.48
Cax (ng/ml) 264.5 2723 97.14 88.77.106.30
2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P019, Table 10, Page 43)
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Figure 24

Individual and Geometric Mean Plasma Ertugliflozin AUC;y¢ (Left Panel) and
Cmax (Right Panel) Values Following a Single Oral Dose of Ertugliflozin Alone

and Co-administered with Metformin

(Source: Reviewer generated plot)

As shown in Table 11, in presence of ertugliflozin, the ratios of the adjusted least squares means for

metformin AUCiyr and Cpax Were 100.94% and 94.00%, respectively. and the 90% CIs for the ratios fell
entirely within the equivalence limits of (80%, 125%), indicating that there are no clinically meaningful
differences in metformin PK when it is co-administered with ertugliflozin, as compared to a single dose
of metformin alone (Figure 25).
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Table 11 Statistical Summary of Treatment Comparisons for Plasma Sitagliptin
Pharmacokinetic Parameters Following a Single Oral Dose of Sitagliptin Alone
and Co-administered with Ertugliflozin

Parameter Adjusted (Least-Squares) Geometric Means Ratio 90% CI
(Units) Ertuglifiozin 15 mg +  Metformin 1000 mg  (Test/Reference) for Ratio

Metformin 1000 mg (Reference) of Adjusted

(Test) Means®

Data excluded due to vomiting’
AUC;,¢ (ng.h/mL) 12490 12370 100.94 90.62.112.44
AUCy (ng.h/mL) 12270 12560 97.75 89.46. 106.82
Copax (ng/mL) 1835 1952 94.00 82.94. 106.55
All Data Included
AUC,¢ (ng.hymL) 12490 12370 100.94 90.62.112.44
AUCg (ng.lymL) 12270 12550 97.81 89.99. 106.31
Coax (ng/mL) 1835 1983 92.52 81.99, 104.39

2 The ratios (and 90% CIs) are expressed as percentages

b Metformin 1000 mg treatment data for Subject 10011018 has been excluded due to vomiting. Only AUClast and Crax are
affected since AUCinf was not reportable for this subject and treatment.

(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P019, Table 12, Page 48)
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Figure 25 Individual and Geometric Mean Plasma Metformin AUC;ys (Left Panel) and Cmax

(Right Panel) Values Following a Single Oral Dose of Metformin Alone and Co-

administered with Ertugliflozin
(Source: Reviewer generated plot)

3.3.4.2.3 Two-Way Drug-Drug Interaction Between Ertugliflozin 15 mg and Glimepiride 1 mg

A two-way drug-drug interaction study to evaluate the effect of ertugliflozin on the PK of glimepiride,
and the effect of glimepiride on the PK of ertugliflozin were evaluated in Study P032.

As shown in Table 12, co-administration of ertugliflozin with single doses of glimepiride did not affect
ertugliflozin AUCjyr and Cumax, as reflected by the ratio of adjusted least squares geometric means
(Test/Reference) of 102.11% and 98.20% for AUCinr and Cunx, respectively. The 90% CI for the ratio of
adjusted means was (97.19%, 107.27%) for AUCisrand (92.17%, 104.63%) for Cmax, indicating that there
were no differences in ertugliflozin PK when it was administered with glimepiride as compared to the oral
administration of ertugliflozin alone (Figure 26).
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Table 12 Statistical Summary of Treatment Comparisons for Plasma Ertugliflozin
Pharmacokinetic Parameters Following a Single Oral Dose of Ertugliflozin
Alone and Co-administered with Glimepiride

Adjusted Geometric Means Ratio
Ertuglifiozin 15 mg + (Test/Reference)
Glimepiride 1 mg Ertugliflozin 15 mg of Adjusted 90% CI
Parameter (units) (Test) (Reference) Means® for Ratio
AUCjy (nghr/mL) 1256 1231 102.11 (97.19, 107.27
Cx (ng/mL) 141.5 144.1 98.20 (92.17. 104.63)
AUCpg 1240 1216 101.96 (97.25. 106.90)

(ngehr/mL)

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P032, Table 11, Page 48)
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Figure 26 Individual and Geometric Mean Plasma Ertugliflozin AUC;,¢ (Left Panel) and
Cmax (Right Panel) Values Following a Single Oral Dose of Ertugliflozin Alone
and Co-administered with Glimepiride

(Source: Reviewer generated plot)

As shown in Table 13. in presence of ertugliflozin, the ratio of the adjusted geometric means
(Test/Reference) of glimepiride AUCiyf, and Cuax (90% CI) were 109.80% (98.14%, 122.86%), and
97.39% (71.07%, 133.46%), respectively, relative to glimepiride administered alone. The ratio of the
adjusted geometric means for AUCiyr and Cumayx indicated that these parameters were comparable for both

treatments (Figure 27).

Table 13 Statistical Summary of Treatment Comparisons for Plasma Glimepiride
Pharmacokinetic Parameters Following a Single Oral Dose of Glimepiride
Alone and Co-administered with Ertugliflozin

Adjusted Geometric Means Ratio
Ertuglifliozin 15 mg Glimepiride (Test/Reference)

+ Glimepiride 1 mg 1 mg of Adjusted 90% CI
Parameter (units) (Test) (Reference) Means" for Ratio
AUC,s (ngehr/mL) 217.9 198.5 109.80 (98.14, 122.86)
AUC 222.2 174.4 127.40 (108.33. 149.83)
(ng*hr/mL)
Cax (ng/mL) 28.65 29.42 97.39 (71.07.133.46)

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P032, Table 13, Page 54)
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Figure 27 Individual and Geometric Mean Plasma Glimepiride AUC;y (Left Panel) and
Cmax (Right Panel) Values Following a Single Oral Dose of Glimepiride Alone

and Co-administered with Ertugliflozin
(Source: Reviewer generated plot)

Collectively, these results indicate that there were no meaningful differences in glimepiride PK when it
was administered with ertugliflozin as compared to the oral administration of glimepiride alone. The
inter-subject variability for glimepiride exposure was high with %CV values ranging between 66%-78%
and 52%-64% for geometric mean AUCigrand Cuax, Tespectively.

3.3.4.24 Two-Way Drug-Drug Interaction Between Ertugliflozin 15 mg and Simvastatin
40 mg

A two-way drug-drug interaction study to evaluate the effect of ertugliflozin on the PK of simvastatin,
and the effect of simvastatin on the PK of ertugliflozin were evaluated in Study P030.

As shown in Table 14, co-administration of ertugliflozin with a single dose of simvastatin did not affect
ertugliflozin exposure, as reflected by the ratios of adjusted least squares geometric means
(Test/Reference) of 102.40% and 105.16% for AUCiarand Cuax, respectively. The 90% CIs for the ratios
were (99.57%, 105.31%) for AUCiqr and (98.26%, 112.54%) for Cumax. and both fell wholly within the
equivalence bounds (80%, 125%) (Figure 28).

Table 14 Statistical Summary of Treatment Comparisons for Plasma Ertugliflozin
Pharmacokinetic Parameters Following a Single Oral Dose of Ertugliflozin
Alone and Co-administered with Simvastatin

—

Adjusted (Least-Squares) Geometric

Means Ratio
Ertugliflozin 15 mg Ertugliflozin (Test/Reference)
+ Simvastatin 40 g 15 mg of Adjusted 90% CI
Parameter (units) (Test) (Reference) Means” for Ratio
AUCys (ngehr/mL) 1404 1371 102.40 99.57. 105.31
AUC (ngehr/mL) 1378 1348 102.26 99.58. 105.01
Coax (ng/mL) 280.8 267.0 105.16 98.26.112.54

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P030, Table 11, Page 46)
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AUCGin¢ Cmax
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Figure 28 Individual and Geometric Mean Plasma Ertugliflozin AUC;ys (Left Panel) and
Cmax (Right Panel) Values Following a Single Oral Dose of Ertugliflozin Alone

and Co-administered with Simvastatin
(Source: Reviewer generated plot)

As shown in Table 15, co -administration of simvastatin with a single dose of ertugliflozin increased
simvastatin AUCigr by approximately 24% and Cmax by approximately 19%, as reflected by the ratios of
adjusted least squares geometric means (Test/Reference) of 123.83% for AUCiyrand 119.05% for Cupax.
The 90% ClIs for the ratios were (90.92%, 168.66%) for AUCinr and (97.22%, 145.77%) for Cumax
(Figure 29). The increases in simvastatin AUCiyr and Cmax When co-administered with ertugliflozin are
not expected to be clinically relevant.

Table 15 Statistical Summary of Treatment Comparisons for Plasma Simvastatin
Pharmacokinetic Parameters Following a Single Oral Dose of Simvastatin
Alone and Co-administered with Ertugliflozin

Adjusted (Least-Squares) Geometric

Means
Ertugliflozin 15 mg Ratio
+ Simvastatin 40 (Test/Reference)

mg Simvastatin 40 mg of Adjusted 90% CI
Parameter (units) (Test) (Reference) Means" for Ratio
AUCys (ngehr/mL) 46.88 37.86 123.83 90.92. 168.66
AUC},, (ngehr/mL) 45.11 36.28 124.32 101.56. 152.17
Cnax (ng/mL) 9.421 7.914 119.05 97.22. 145.77

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P030, Table 13, Page 51)
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Figure 29 Individual and Geometric Mean Plasma Simvastatin AUCiys (Left Panel) and
Cmax (Right Panel) Values Following a Single Oral Dose of Simvastatin Alone

and Co-administered with Ertugliflozin
(Source: Reviewer generated plot)

Co-administration of simvastatin with a single dose of ertugliflozin increased simvastatin acid AUCiqns by
approximately 30% and Cuax by approximately 16%, as reflected by the ratios of adjusted least squares
geometric means (Test/Reference) of 130.46% for AUCiyr and 115.66% for Coax (Table 16). The 90% CI
for the ratios were (108.32%. 157.13%) for AUCiyr and (95.74%. 139.71%) for Cpax (Figure 30). The
increases in simvastatin acid AUCjyr and Cuax are not expected to be clinically relevant.

Table 16 Statistical Summary of Treatment Comparisons for Plasma Simvastatin Acid
Pharmacokinetic Parameters Following a Single Oral Dose of Simvastatin
Alone and Co-administered with Ertugliflozin

Adjusted (Least-Squares) Geometric

Means
Ertugliflozin 15 mg Ratio
+ Simvastatin (Test/Reference)

40 mg Simvastatin 40 mg of Adjusted 90% CI
Parameter (units) (Test) (Reference) Means” for Ratio
AUCs (ngehr/mL) 29.84 22.87 130.46 108.32. 157.13
AUC,, (ngehr/mL) 29.47 23.03 127.99 111.87. 146.44
Caax (ng/mL) 2.085 1.803 115.66 95.74, 139.71

2 The ratios (and 90% CIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P030, Table 15, Page 56)
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Figure 30 Individual and Geometric Mean Plasma Simvastatin Acid AUCix (Left Panel)
and Cuax (Right Panel) Values Following a Single Oral Dose of Simvastatin

Alone and Co-administered with Ertugliflozin
(Source: Reviewer generated plot)

3.3.4.25 Effect of Multiple Dose Rifampin 600 mg on the PK of Ertugliflozin15 mg

A one-way drug-drug interaction study to evaluate the effect of multiple doses of rifampin on the PK of a
single-dose of ertugliflozin were evaluated in Study P021.

As shown in Table 17, co-administration of a single-dose of ertugliflozin with multiple-dose rifampin,
resulted in reductions in plasma ertugliflozin AUCigsr and Cuax 0f 39% and 15%, respectively, the ratio of
adjusted least squares geometric means (90% CI) for ertugliflozin AUCixrand Cuax being 61.16%
(57.22%, 65.37%) and 84.62% (74.17%., 96.53%), respectively (Figure 31). The median Tmax of 1 hour,
and was unchanged for both treatments.

Table 17 Statistical Summary of Treatment Comparisons for Plasma Ertugliflozin
Pharmacokinetic Parameters Following a Single Oral Dose of Ertugliflozin
Alone and Co-administered with Simvastatin

Plasma Adjusted (Least-Squares) Geometric Ratio 90% CI
Ertugliflozin Means (Test/Reference) for Ratio
parameter (unit) Ertugliflozin Rifampin 600 mg  of Adjusted Mean®
15 mg SD QD + Ertugliflozin
(Reference) 15 mg SD
(Test)

AUCy (ngehr/mL) 1370 838.1 61.16 (57.22.65.37)
Cppx (ng/mL) 236.1 199.8 84.62 (74.17. 96.53)

2 The ratios (and 90% ClIs) are expressed as percentages
(Source: eCTD for NDA 209803, Module 5.3.3.4 CSR for Study P021, Table 12, Page 41)
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Figure 31 Individual and Geometric Mean Plasma Ertugliflozin AUC;y¢ (Left Panel) and
Cmax (Right Panel) Values Following a Single Oral Dose of Ertugliflozin Alone

and Co-administered with Multiple Doses of Rifampin
(Source: Reviewer generated plot)

Mean terminal t'> was 12.3 hours for ertugliflozin administered alone compared to 9.2 hours for
ertugliflozin co-administered with rifampin.

3.3.5 Is the to-be-marketed formulation the same as the clinical trial formulation, and if not,
are there bioequivalence data to support the to-be-marketed formulation?

In the Phase 3 trials, the 15 mg dose of ertugliflozin was administered as one 10 mg tablet and one 5 mg
tablet ®® . Following the development of a 15 mg
commercial image (the to-be-marketed formulation), the Sponsor conducted a bioequivalence study
(P023/1037) to demonstrate bioequivalence, under fasted conditions, of the 15 mg commercial image
tablet of ertugliflozin to the ertugliflozin 15 mg dose used in Phase 3 studies (administered as one 10 mg
tablet + one 5 mg tablet) to support the registration of ertugliflozin.

Mean plasma ertugliflozin concentrations following the 15 mg commercial image tablet and ertugliflozin
15 mg dose used in Phase 3 studies (administered as one 10 mg tablet + one 5 mg tablet) is shown in
Figure 32. The plasma curves are virtually superimposable.
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Study P023: Bioequivalence Study of an Ertugliflozin 15 mg Commercial Image Tablet vs
Ertugliflozin Phase 3 Tablets in Healthy Subjects
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shows profile up to 12 hours)

The geometric mean Cupax, AUCipr and AUCrg were similar. Median Tuax Was 1 hour for both treatments.
Results of the statistical comparison show that the 90% CIs for the least squares means ratios fell wholly
within the (80%., 125%) acceptance range for bioequivalence (Table 18).

The analysis conducted by this reviewer agreed with the Applicant’s findings.

Table 18 Statistical Summary of Treatment Comparisons for Plasma Ertugliflozin
Pharmacokinetic Parameters
Geometric means | Ratio (90%
Treatment PK Parameter N (C.I) C.L)
Ertugliflozin 15mg Commercial | AUC(0-inf) (ng.hr/mL) 16]1334 (1218, 1462)
0.96 (0.93, 1.00)
Ertugliflozin 15mg Phase3 AUC(0-inf) (nghr/mL) 161388 (1266, 1520)
Ertugliflozin 15mg Commercial | AUC (o-y) (ng.hr/mL) 16]1308 (1194, 1432)
0.96 (0.93, 1.00)
Ertugliflozin 15mg Phase3 AUC (o) (ng-hr/mL) 16]1358 (1239, 1487)
Ertugliflozin 15mg Commercial | Cmax (ng/mL) 16262 (237, 290)
0.96 (0.86, 1.08)
Ertugliflozin 15mg Phase3 Cmax (ng/mL) 16272 (246, 302)

T = Ertugliflozin 15 mg (Commercial)
R = Ertugliflozin 15 mg (Phase 3)

(Source: Analysis performed by Reviewer)
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Individual and mean AUCiqr and Cmax plotted by treatment are shown in Figure 33.
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Figure 33 Individual and Geometric Mean Plasma Ertugliflozin AUC;y¢ (Left Panel) and
Cmax (Right Panel) Values Following 15 mg Phase 3 Formulation and 15 mg

Commercial image Formulation

The data indicated that ertugliflozin 15 mg commercial image tablet was successfully bridged to the

ertugliflozin Phase 3, 15 mg dose (administered as one 10 mg tablet + one 5 mg tablet).

A request to inspect the clinical facility was sent to the Office of Study Integrity and Surveillance (OSIS).
In a memo dated 16 February 2017 (see memo from Shila S, Nkah in DARRTS, document ID 4057167),
OSIS recommended accepting the study data without an on-site inspection. The rationale for this decision
was that OSIS had recently inspected the site, and the inspectional outcome from the inspection was

classified as No Action Indicated (NAI).
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4. APPENDICES

Tabular Listing of Phase 1 studies Providing Clinical Pharmacology Data

Phase 1 Studies

Category Study Description Study Number
PK/PD/Safety Single escalating oral dose, including initial assessment of ~ P036/1001*
food effect
Multiple escalating dose P037/1002°
[**C]ADME study P038/1003

qd vs bid regimen after single day dose in T2DM subjects:  P040/1007*
1 mg bid vs 2 mg qd. 2 mg bid vs 4 mg qd

qd vs bid regimen at steady state in healthy subjects: 2.5 mg P035/1051°
bid vs 5 mg qd. 7.5 mg bid vs 15 mg qd

Thorough QT study P010/1025
Biopharmaceutics® Absolute BA P020/1043
BE between Phase 3 and commercial tablet P023/1037
Food effect of commercial tablet P024/1048
Relative BA of amorphous form vs cocrystal P011/1034
Relative BA of MR vs IR tablets® P039/1005

Special Population Single escalating dose and multiple dose study in Japanese ~ P041/1009
vs Western subjects

PK in moderate hepatic impairment P014/1024
PK and PD in mild. moderate and severe renal impairment ~ P009/1023*
DDI Ertugliflozin 15 mg and sitagliptin 100 mg P022/1033
Ertugliflozin 15 mg and metformin 1000 mg P019/1032
Ertugliflozin 15 mg and glimepiride 1 mg P032/1044
Ertugliflozin 15 mg and simvastatin 40 mg P030/1036
Ertugliflozin 15 mg and rifampin 600 mg qd x 10 days P021/1040

In addition, population PK analysis was conducted from data obtained from 9 Phase 1 studies (Studies
P036/1001, P037/1002, P040/1007, P041/1009, P009/1023, P010/1025, P024/1048, P035/1051), 2 Phase
2 studies with sparse PK sampling (Studies P042/1004, P016/1006), and 4 Phase 3 studies with sparse PK
sampling (Studies P001/1016, P007/1017, PO05/1019, P003/1022).
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4.1 Appendix - Summary of Bioanalytical Method Validation

4.1.1 How are parent drug and relevant metabolites identified and what are the analytical
methods used to measure them in plasma and other matrices?

Ertugliflozin concentrations in human plasma and human urine were detected by specific and sensitive
bioanalytical assays using liquid chromatography with tandem mass spectrometry detection (LC-
MS/MS). Several of these methods were also used to simultaneously determine concentrations of
ertugliflozin metabolites (glucuronide PF-06685948 [M5a], glucuronide PF-06481944 [M5c], and
oxidative metabolite PF-05217539. Validation of a quantitative method for the HPLC and AMS analysis
of [**C] ertugliflozin in human plasma (K;EDTA) was also performed. Assays were validated at ®®

and ®® for the LC-MS/MS assays and at ®® for the HPLC and accelerator mass
spectrometry (AMS) analysis. All assays were validated in accordance to appropriate regulatory
guidances. A summary of each of the method used is presented in Table 4.1.1-1.

Table 4.1.1-1: Summary of Ertugliflozin Validated Analytical Methods

Method Laboratory Compound LLOQ (ng/mL)  Linear Range Matrix
Validation (ng/mL)
Report
B1529001 O@ ™ Erughfiozn 0.100 0.100-30.0 Plasia
B1529002 Ertuglitlozin 0.100 0.100-50.0 Urine
B1529003 Ertughiflozin 0.500 0.500-250 Plasma
PF-05217539 0.100 0.100-50.0
B1529004° Ertugliflozin 0.500 0.500-250 Plasma
PF-05217539 0.100 0.100-50.0
B1529005 Ertugliflozin 0.500 0.500-500 Plasma
PF-06685948 0.250 0.250-125
PF-06481944 0.500 0.500-250
B1529006 Ertugliflozin 0.500 0.500-250 Urine
PF-06685948 1.00 1.00-500
PF-06481944 1.00 1.00-500
B1529007 Ertughiflozin 0.250 0.250-250 Plasma
Dialysate
B1529008 Ertugliflozin 0.500 0.500-500 Plasma
B1529101 "C Ermglitlozin 0.0204 0.0204-0.563 Plasma

(Source: eCTD for NDA 209803, Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods,
Table 5, Page 18)

4.1.2 What was the performance of bioanalytical methods?

The analytical methods were found to be selective, sensitive, precise, and accurate for the determination
of ertugliflozin in human plasma andin human urine. The effective analytical ranges were as follows:

The between run precision of the assay, as determined by the percent coefficient of variation were as
follows:

Performance details of the assays with the corresponding studies where the assay was utilized, are
presented in Table 4.1.2-1.
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Table 4.1.2-1: Bioanalytical Methods Summary

Clinical Study Method Compounds Matrix Inter-run Inter-run
Analvzed Accuracy Precision
%RE* W CV*
P036/1001 B1529001 Ertugliflozin Plasma -l.0%w048% 92%
P036/1001 B1329002 Ertugliflozin Urine 174% 0 0.3%  <17.1%
P037/1002 B1529003 Ertugliflozin Plasma 15%t85% 51%
PF-05217539 00%30% =717%
PO38/1003° B1329004 Ertugliflozin Plasma 4% 0-03% £535%
P042/1004" B13529004 Ertugliflozin Plasma S6%tl3% S50%
P039/1005° B1329004 Ertugliflozm Plasma 202 0% Z335%
P016/1006° B1329004 Ertugliflozin Plasma -1.6% 02 7% Z51%
PO40/1007° B1329004 Ertugliflozin Plasma 2 T% el 81%
P041/1009° B1329004 Ertugliflozin Plasma 3.2%1007%  Z6.1%
P009/1023 B1529005 Ertugliflozin Plasma 24% 3% Z68%
PF-06685948 -14% 0 13%  Z76%
(M3a)
PF-06481944 05%tod 0%  272%
(M3c)
P009/1023 B1329008 Ertugliflozm Urine 35%to 200 Z08%
PF-06685948 40%to3 6% =Z80%
(M3a)
PF-(6481944 05%to5.5% =Z835%
(M3e)
P009/1023 B1329007 Ertugliflozin Plasma 08%tw3T% Z17%
dialysate
PO14/1024 B1529005 Ertugliflozin Plasma 28%to7.2%  £38%
PF-06685948 13%to115% =73%
(M3a)
PF-06481944 0.0%to5.6%  =59%
(M3e)
P014/1024 B1329008 Ertugliflozm Urine S32%tw00% 262%
PF-06685948 20%to2 0% <40%
(M3a)
PF-(6481944 -15%t00.8% <104%
(M3e)
P014/1024 B1329007 Ertugliflozin Plasma 00%to62%  =30%
dialysate
P010/1025 B1529008 Ertugliflozin Plasma -1.5% to 1.6%
P019/1032 B1329008 Ertugliflozm Plasma A0% to 2.8%
P022/1033 B1329008 Ertugliflozin Plasma 2.0% to 2.4%
PO11/1034 B1529008 Ertugliflozin Plasma -4 3% to 2.4%
PO30/1036 B1520008 Ertugliflozin Plasma 0.0% to 3.2%
P023/1037 B1329008 Ertugliflozin Plasma 0.8% to 3.6%
PO21/1040 B1320008 Ertugliflozin Plasma -1.5% to 2.4%
P020/1043° B1529008 Ertugliflozin Plasma -1.6% to 2.8%
P020/1043° B1529101 =C Plasma -125% 10 -
Ertugliflozin 42%
PO32/1044 B1520008 Ertugliflozin Plasma 48%to25%  Z48%
P024/1048 B1320008 Ertugliflozin Plasma -l6%t032%  £43%
P035/1051 B1529008 Ertugliflozin Plasma -l5%to24% £52%
POO1/1016 B13520008 Ertugliflozin Plasma -1.8% t0 4.0 Z8.6%
P005/1019 B1329008 Ertugliflozin Plasma 48%t0-04% =Z48%
PO0T/1017 B1529008 Ertugliflozin Plasma 28%t020%  =10.5%
P003/1022 B1529008 Ertugliflozin Plasma -1.5%to1.6%  <46%

%CV=percent coefficient of variation; %RE=percent relative error; ISR=incurred sample reproducibility; QC=quality control;
SOPs=standard operating procedures.
a Statistics (%RE and %CV) based on mean assay performance of low, mid-low, mid-high, high and dilution (if applicable) QC
samples from all analytical batches meeting acceptance criteria.

b Metabolite PF-05217539 was not quantified in this study.
¢ This study also measured the total 14C in urine using accelerator mass spectrometry by

operating procedures. No specific method validation performed.
(Source: eCTD for NDA 209803, Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods,
Table 6, pp 19-20)

()@ following (b)(@) standard

The parameters and validation metrics used for the LC-MS/MS assay are presented in Table 4.1.2-2.
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Table 4.1.2-2: Parameters and Validation Metrics for LC-MS/MS Assay (No. B1529008)

Assay Conditions

Sample Storage Temperature

Extraction Method

Detection Method

Sample Aliquot Volume

Regression Weighting

Quantification

Calibration Range

ULOQ

LLOQ

Validation (VQC) Sample Concentrations

Pooled QC Samples: -20°C
Protein Precipitation
HPLC-MS/MS

100 uL

Linear, 1/conc?

Peak Area Ratios

0.500 to 500 ng/mL

500 ng/mL

0.500 ng/mL

0.500, 1.25.12.5, 250, 400, and
2500 (VS-DIL) ng/mL

Assay Performance

Intra-assay Validation (VQC) Sample Statistics
Precision (%CV)
Accuracy (%RE)

Recovery
Mean Analyte Recovery
Mean Internal Standard Recovery

Selectivity
Matrix
Ionization Effects

=3.3%
-5.6% to -1.6%

87.0%
84.6%

10 out of 10 Human K,EDTA Plasma Lots Passed
10 out of 10 Normal Human K,EDTA Plasma Lots
Passed

2 out of 2 Hyperlipidemic Human K,EDTA Plasma
lots passed

2 out of 2 Hemolyzed Human K,EDTA Plasma lots
passed

20 out of 20 Patient Population Plasma lots passed

Analyte Carryover =4.8%

Internal Standard Carryover <0.0%

Batch Size The maximum batch size investigated within this
validation was 176 injections conducted in Run 7

Stability

Primary Stock Solution

High Working Solution
Low Working Solution

Ambient Matrix Stability

Frozen Storage Matrix Stability Established at
Validation

Freeze/Thaw Matrix Stability

Extract Stability
Re-injection Reproducibility Stability
Whole Blood Stability

21 hours at room temperature (25°C)

97 days at -20°C

Refer to validation Study B1529005

[Ref. 5.3.1.4: 04GRQV]

25.9 hours at room temperature (25°C)

92 days at -20

25.9 hours at room temperature (25°C)

92 days at -20°C

27 hours at 25°C in human K;EDTA plasma
753 days at -20°C and -70°C

5 Cycles at -20°C and -70°C in human K,EDTA
Plasma

115.5 hours at 4°C in human K;EDTA plasma
104.1 hours at 4°C in human K;EDTA plasma
Stable after 3 hours at room temperature (25°C)
followed by centrifugation at both 4°C and ambient
conditions

(Source: eCTD for NDA 209803, Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods,
Table 7, pp 20-21)

A 510K-approved enzymatic assay for urine glucose validated on the Roche Cobas 6000 analyzer was
used to measure urine glucose as a PD endpoint in Study P035/1051 (QD versus BID dosing of
ertugliflozin). Tables 4.1.2-3 and 4.1.2-4 provide the summary of validated analytical method for urinary
glucose measurements, and summary of the performance of the urinary glucose method for assay of
clinical study samples.
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Table 4.1.2-3: Urine Glucose Analytical Methods

Method Laboratory Analyte LLOQ Range Matrix
Validation (mg/dL) (mg/dL)
Report
B1528003 ®O@ " Glucose 2.00 2.00-717.4 Urine

Abbreviations: LLOQ=lower limit of quantification,

(OIC)]

(Source: eCTD for NDA 209803, Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods,

Table 8, page 22)

Table 4.1.2-4: Urine Glucose Method Used to Support Clinical Study Together with Study

Assay Performance

Inter-run Inter-run

Analytes Accuracy Precision
Clinical Study _ Method Analyzed Matrix %RE" %CV?
P035/1051 B1528003 Glucose Urine -9.0%10-6.7% <1.0%

Abbreviations: %CV=percent coefficient of variation; %RE=percent relative error.

2 Statistics (%RE and %CV) based on mean assay performance of low, mid, and high quality control samples from all analytical

batches meeting acceptance criteria.

(Source: eCTD for NDA 209803, Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods,

Table 9, page 23)

The parameters and validation metrics used for the urine glucose assay are presented in Table 4.1.2-5.

Table 4.1.2-5: Parameters and Validation Metrics for Urine Glucose Assay (No. B1528003)

Assay Conditions

Sample Storage Temperature
Extraction Method

Detection Method

Sample Aliquot Volume
Regression Weighting
Quantification

Calibration Range

ULOQ

LLOQ

Validation (VQC) Sample Concentrations

Pooled QC Samples: -20°C

None

Coupled Enzymatic Assay

2.0 uL per replicate

2-point calibration: Factory installed by vendor
Absorbance at 340 n.m.

2010 7174 mg/dL

717.4 mg/dL

2.0 mg/dL

2.0.5.0.10.1.20.6. 54.9. 126.8, 528.3. 686.7. 717.4
and 2,500 (VS-DIL with 4-fold dilution) mg/dL

Assay Performance
Intra-assay Validation (VQC) Sample Statistics

Precision (%CV) =1.4%

Accuracy (“RE) -1.1% to 1.4%

Recovery

Analyte Recovery 99.9 to 104.3%

Selectivity

Matrix 10 out of 10 Human Urine Lots Passed
Stability

Primary Stock Solution

High Working Solution

Low Working Solution

Ambient Matrix Stability

Frozen Storage Matrix Stability Established at
Validation

Freeze/Thaw Matrix Stability

Refrigerated Storage Matrix Stability

NA: vendor supplies lyophilized Calibrator 2
(c.fa.s.) which can be stored refrigerated for up to
24 hours.

NA: vendor supplies lyophilized Calibrator 2
(c.fa.s.) which can be stored refrigerated for up to
24 hours.

NA: vendor supplies lyophilized Calibrator 2
(c.fa.s.) which can be stored refrigerated for up to
24 hours,

24 hours at Room Temperature in human urine
126 days at -20°C and -70°C

5 Cycles at =20°C and -70°C in human urine
24 hours at 2-8°C in human urine

Abbreviations: %CV=percent coefficient of variation; %RE=percent relative error; ¢ f.a.s=calibrator for automated systems:
LLOQ=lower limit of quantification; NA=not applicable; QC=quality control; ULOQ=upper limit of quantification;
VQC=validation quality control; VS-DIL=validation sample — dilution QC.

(Source: eCTD for NDA 209803, Module 2.7.1 Summary of Biopharmaceutic Studies and Associated Analytical Methods,

Table 10, page 23)
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4.2 Appendix - Individual Study Review

(Based on sponsor’s Summary of Clinical Pharmacology, Summary of Biopharmaceutics and
Associated Bioanalytical Methods, and Review of Individual Study Reports)

4.2.1 Study P036/1001 - Safety, Tolerability and PK of Single Escalating Oral Doses of
Ertugliflozin

Study: P036/1001

Study Title: | A Phase 1 Placebo-Controlled Study to Assess the Safety, Tolerability and Pharmacokinetics

of PF-04971729 After Administration of Single Escalating Oral Doses Under Fed and Fasted

Conditions in Healthy Volunteers

Objectives: e To characterize the PK of ertugliflozin following single oral doses in healthy
subjects.

e To characterize the UGE, renal reabsorption inhibition, and serum glucose
profiles resulting from single oral doses of ertugliflozin in healthy subjects.

® To estimate the effect of food on ertugliflozin PKparameters.

Study Investigator- and subject-blinded (sponsor open), randomized, placebo-controlled,
Design: ascending single oral dose, 2-cohort, interleaving design, with placebo substitution,
crossover study
Study Population: Healthy male subjects;
Population: | Meanage (range): 34.5 (20-49) years;
n= 24
. Treatment Mean PK Parameters®
Results' Route of Administration
(ROA)
Dose/Dosage Form AUC,, AUG, AUG,, C,, Tau i
(ngehr/  (ngehr/ (ngeln (ng/mL) (hr) (hr)
ml) ml)  ml)
Treatment: Single-dose, fed  NA 8230 8010  824(33) 35 158(21)
ROA: PO (16) (16) (0.5-6.0)
Dosc/Dosage form: 100 mg
ertugliflozin (suspension)

Treatment: Single-dose,

fasted

ROA: PO

Dose/Dosage form:

0.5 mg ertugliflozin NA 457 430 7.23(11) 10 11.4(19)

(solution) (10) (12) (0.5-1.5)

2.5 mg ermgliflozin NA 231(22) 227(21) 428(21) 1.0 13.1(24)

(solution) (0.5-1.1)

10 mg ertugliflozin NA 909 (15) 880 (16) 182(22) 1.0 17.4(42)

(suspension) (0.5-1.5)

30 mg ertugliflozin NA 2810 2740 545(24) 1.0 15.2(33)

(suspension) (18) (19) (0.5-1.5)

100 mg ertugliflozin NA 9610 9330 1620 1.0 16.2 (36)
(suspension) (16) (16) (16) (0.5-1.5)

300 mg ertugliflozin NA 26400 25900 4330 1.0 13.8(18)
(suspension) (16) (16) (20) (0.5-1.5)

Statistical Comparison: Ratio (100 mg Fed/100 mg fasting) (90% CT)"
NA 81.70 81.84 46.37 NA NA
(77.09-  (78.30-  (38.82-
86.59)  85.53)  55.39)
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Median Plasma PF—-04971729 Concentration (NG/ML)

Treatment
Route of Administration (ROA)

24-Hour UGE (g)’

Dose/Dosage Form

Placebo 0.4 (0.1-1.5)
Treatment: Single-dose, fed 73.9 (54.3-92.5)
ROA: PO

Dose/Dosage form: 100 mg ertugliflozin

(suspension)

Treatment: Single-dose, fasted

ROA: PO

Dose/Dosage form:

0.5 mg ertugliflozin (solution) 3.0(0.5-12.6)
2.5 mg ertugliflozin (solution) 32.7(29.2-47.4)
10 mg ertugliflozin (suspension) 48.9 (40.8-64.7)
30 mg ertugliflozin (suspension) 61.5 (44-98.1)
100 mg ertugliflozin (suspension) 60.3 (39.6-73.2)
300 mg ertugliflozin (suspension) 65.1(33.4-79.1)

Median Plasma PF-04971729 Concentration-Time Profile Following Single

Oral Doses (Semi-logarithmic Plot)

10000.0

1000.0

100.0

10.0

a1

0 4 8 12 16 20 24 28 32

Nominel Time Pest Dose (HR)

48 52 56 60 64

Treatment: ¥ PF—04971729  0.5mg
®8® Pr-04971728 10 mg
AfcA PF-04971723 100mg

BEH PF-04971729  2.5mg
©90 PF-04971729 30 mgq

©60 PF-04971729 300mq

*#% PF—04871729 100mg (fed)
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Box and Whisker Plot of UGE Over 0-24 Hours
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Source: Figure 1442

Abbreviation: UGE = unnary glucose excretion

1 = placebo. 2 = 0.5 mg PF-0. 720.3=2.5 mg PF-04971729. 4 = 10 mg PF-04971729. 5 =30 mg PF-04971729,
6 =100 mg PF-04971729, 00 mg PF-0 9, 8 = 100 mg PF-04971729 (fed)

Open circles identify individual subject data. Closed circles identify means.

Box plot provides median and 25% and 75% quartiles with whiskers extended to the L maximum values,

Conclusions: | Pharmacokinetics/Pharmacodynamics:

Ertugliflozin exposure (plasma AUCinf and Cmax) increased proportionally with
increasing dose following PO administration of single-doses (0.5 mg to 300 mg), with
renal excretion accounting for a very small fraction of total elimination. Single PO doses
of ertugliflozin in healthy subjects induced glucosuria with the amount of glucosuria
being dose-dependent. Maximal UGE was observed with single PO doses of ertugliflozin
>30 mg.

The PK characteristics of ertugliflozin together with its PD characteristic of maintaining
sustained glucosuria over the 0-24 hour interval supports a once daily dosing regimen.
Food extended the Tmax but had little effect on the AUC of ertugliflozin indicating that
the drug can be administered with or without food.

Safety:
Single PO doses of ertugliflozin up to 300 mg (the maximum dose studied) were found to
be safe and well-tolerated in healthy subjects.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetic and
pharmacodynamic effect (urinary glucose excretion) of ertugliflozin.
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4.2.2 Study P037/1002 - Safety, Tolerability and PK of Repeated Doses of Ertugliflozin

Study: P037/1002
Study Title: | A Phase 1, Randomized, Placebo-Controlled, Parallel Group, 14 Day Repeated Dose
Escalation Study to Evaluate the Safety, Tolerability, Pharmacokinetics, and
Pharmacodynamics of PF- 04971729 in Otherwise Healthy Overweight and Obese Adult
Subjects
Objectives: ® To characterize the PK of ertugliflozin and its metabolite PF-05217539
following single and multiple oral doses in otherwise healthy overweight and
obese subjects
* To investigate the effect of ertugliflozin on PD parameters after single and
multiple oral doses of ertugliflozin in otherwise healthy overweight and obese
subjects
Study Single-center, randomized, double-blind, third-party open (subject and investigator-
Design: blinded), parallel-group, placebo-controlled study
Study Population: Healthy male subjects;
Population: | Agerange: 23-54 years;
n= 40
Resu_lts: Treatment Mean PK Parameters’
Route of Administration
(ROA)
Dose/Dosage Form AUC,, AUCy AUC,, Cax Toaax fiz
(ngehr/  (ng*hr/  (ng*hr/  (ng/mL) (hr) (hr)
mlL) mL) mL)
Day 1PK
Treatment: Day 1 of multiple
dose, light meal
ROA: PO
Dosc/Dosage form:
1 mg ertugliflozin (solution)  59.46  NA NA 7154 400 NA
(12) (15) (0.983-
4.02)
5 mg ertugliflozin 361.6 NA NA 49.22 2.00 NA
(suspenston) (31) 27) (1.00-
2.00)
25 mg ertugliflozin 1681 NA NA 195.4 4.00 NA
(suspension) (26) 27) (1.00-
4.02)
100 me ertugliflozin 5647  NA NA 6692 400 NA
(suspension) (16) (15) (1.00-
4.02)
Multiple-dose PK (Day 14)
Treatment: Multiple-dose.
light meal
ROA: PO
Dose/Dosage form:
1 mg ertugliflozin (solution) ~ 80.85 NA NA 10.19 2.00 NC
(15) (15) (1.00-
4.00)
5 mg ertugliflozin 4505  NA NA 50.83 1.50 12.28 (24)
(suspension) (35) (28) (1.00-
403)
25 mg ertugliflozin 2045 NA NA 2808 2.00 14.81 (41)
(suspension) (26) (28) (1.00-
2.00)
100 mg ermgliflozin 7761  NA NA 1035 2.00 1413 (14)
(suspension) 17) (25) (1.00-
4.00)
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Treatment 24-Hour UGE (g)"
Route of Administration (ROA)
Dose/Dosage Form
Day-1
Placebo 0.41 (0.19-0.90)

Treatment: Single-dose, fed
ROA: PO

Dose/Dosage form:

1 mg ertugliflozin (solution)

5 mg ertugliflozin (suspension)

25 mg ertugliflozin (suspension)

100 mg ertugliflozin (suspension)

Placebo

Treatment: Single-dose, fed
ROA: PO

Dose/Dosage form:

1 mg ertugliflozin (solution)

5 mg ertugliflozin (suspension)
25 mg ertugliflozin (suspension)
100 mg ertugliflozin (suspension)

Placebo

Treatment: Multiple-dose (Day 14), fed
ROA: PO

Dose/Dosage form:

1 mg ertugliflozin (solution)

5 mg ertugliflozin (suspension)
25 mg ertugliflozin (suspension)

100 mg ertugliflozin (suspension)

fﬂahﬂ.
.

g ol 4 T8y e
2

§

jg 10,00

g

5 1.00

g o.10

0.21 (0.12-0.38)

0.44 (0.19-0.73)

0.68 (0.61-1.22)

0.41 (0.28-0.63)
Single-dose (Day1)
0.54 (0.25-1.27)

12.07 (7.98-17.40)
41.13 (13.69-52.65)
55.14 (39.90-82.79)
53.70 (45.15-69.63)

Multiple-dose (Day 14)
0.66 (0.21-1.99)

18.70 (9.46-30.95)
35.17 (15.60-54.03)
55.28 (41.36-72.25)
67.97 (35.70-80.27)

Median Plasma PF-04971729 Concentration-Time Profiles Following
14 Days of QD Dosing

o 10 20 30

40 50 60 70 80

Nominal Time Post Dose (HR)
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Cumulative UGE (g) Over 0-24 Hours, Days 1 and 14

[
4
30

e

Day1 Day 14
Source: Figure 14.3.1
1=placebo; 2, 3, 4, and 5 = PF-04971729 1 mg, 5 mg, 25 mg, and 100 mg, respectively
Open curcles 1dentify mdividual subject data. Closed circles identify geometnc means.

Box plot provides median and 25%/75% quartiles with whiskers extended to the A values
Abbreviations: UGE = urinary glucose excretion, g = gram, mg = milligram

Conclusions: | Pharmacokinetics/Pharmacodynamics:
Following qd PO doses of 1 to 100 mg ertugliflozin for 14 days, peak and total exposure
(Cmax and AUCtau) increased proportionally with increasing dose for both ertugliflozin
and its metabolite PF-05217539. Total exposure (AUCtau) for the metabolite was
negligible relative to the parent.
Single PO doses of ertugliflozin qd for 14 days in healthy subjects induced glycosuria
without reducing serum glucose with the amount of glycosuria being dose-dependent
and a maximal UGE achieved with ertugliflozin doses of 225 mg.
Orally administered qd doses of ertugliflozin up to 100 mg to overweight and obese,
otherwise healthy subjects had no sustained effect on fluid balance, serum and urinary
electrolytes, nor iPTH.
Safety:
Orally administered, qd doses of ertugliflozin up to 100 mg (the maximum dose studied)
were found to be safe and well-tolerated in overweight and obese, otherwise healthy
subjects.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetic and
pharmacodynamic effect (urinary glucose excretion) of ertugliflozin.

Reference ID: 4141151
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4.2.3 Study P038/1003 - PK Mass Balance, and Metabolism of 14C Ertugliflozin

Reference ID: 4141151

Study: P038/1003
Study Title: | An Open Label, Single-Period, Phase 1 Study to Evaluate the Pharmacokinetics, Excretion
Balance and Metabolism of [14c] PF-04971729 in Healthy Adult Male Subjects
Objectives: e Mass Balance: To characterize the rate and extent of excretion of total
radioactivity in urine and feces, following a single oral dose of [14C]PF-
04971729 (25 mg/100 microcurie [BCi] suspension).

e  Pharmacokinetic (PK) Parameters: To quantify plasma concentrations and PK
parameters of PF-04971729 and total radioactivity in plasma following a single
oral dose of [1#C]PF-04971729 (25 mg/100 uCi suspension).

e Metabolic Profiling/Metabolite Identification: To characterize the metabolic
profile and identify circulating and excreted metabolites following a single oral
dose administration of [14C]PF-04971729 (25 mg/100 puCi suspension).

e Safety: To evaluate the safety and tolerability of a single oral dose of [14C]PF-
04971729 (25 mg/100 puCi suspension) in healthy volunteers.

Study Randomized, open-label, single-period, PK study
Design:
Study Population: Healthy male subjects;
Population: | MeanAge (range): 34.8 (20-55) years;
n= 6
Results: Treatment Mean PK Parameters’
Route of Administration
(ROA)
Dose/Dosage Form AUC,, AUCy  AUC,, Cau Toaax frz
(ngehr/  (ng*hr/  (ng*hr/  (ng/mL) (hr) (hr)
mlL) mL) mL)
Plasma ertugliflozin PK
Treatment: single-dose NA 2802 2787 4902 1.00 16.87 (43)
ROA: PO 1) 1) (14) (0.500-
Dose/Dosage form: 1.05)
[“Clermgliflozin
25 mg/100 uCi suspension)
Plasma radioactivity PK’
NA 6441 6223 7344 1.02 17.25 (61)
(19) (19) (12) (1.00-
2.00)
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Proposed Metabolic Pathways of PF-04971729 in Healthy Male Human
Subjects Following Oral Administration of [*CIPF-04971729 (25 mg:
100 pCi)
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Conclusions: | Pharmacokinetics/Pharmacodynamics:
The recovery of administered radioactivity following PO dosing with ertugliflozin was
>90%, with approximately 50% recovered in urine and 41% in feces.

Elimination of the metabolites was found to be similar to ertugliflozin, which accounted
for approximately half of the total radioactivity found in the plasma. Glucuronidation
was found to be the major metabolic pathway, with minor contribution from Phase 1
metabolism; renal excretion of unchanged ertugliflozin was negligible.

Safety:
A single oral, 25 mg dose of [1#C]ertugliflozin appeared to be safe and well-tolerated in
healthy, adult male subjects.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetic and metabolic
profile of ertugliflozin.
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4.2.4 Study P040/1007 - PK and PD of 2 and 4 mg qd, and 1 mg and 2 mg bid Daily PO
Administration of Ertugliflozin in T2DM Patients

Study: P040/1007
Study Title: | A Phase 1, Randomized, Double-Blind, Placebo-Controlled, 2-Period, Cross-Over Single Day
Evaluation of the Pharmacokinetic-Pharmacodynamic Effect of Once and Twice Daily Oral
Administration of PF-04971729 in Patients with Type 2 Diabetes Mellitus
Objectives: e To evaluate the PD effects of single day dosing of 2 mg and 4 mg doses of PF-
04971729 each administered once and split into twice daily dosing in adults
with T2DM.

e  To characterize the safety and tolerability of single day dosing of 2 mg and 4 mg
doses of PF-04971729 each administered once and split into twice daily dosing
in adults with T2DM.

e To assess the PK of PF-04971729 administered once and split into twice daily
dosing in adults with T2DM.

e To investigate the relationship between plasma concentrations of PF-04971729
and PD effects in adults with T2DM.

Study Randomized, double-blind, sponsor-open, 4-arm study
Design:
Study Population: T2DM Patients
Population: | Age (range): 33-66 years;
n= 52

Results: Treatment Mean PK Parameters’

Route of Administration

(ROA)

Dose/Dosage Form AUC,, AUCy  AUC,; Cax Toaax frz

(ngehr/ (ngehr/  (ngehr/  (ng/mL) (hr) (hr)

mL) mL) mL)
Treatment: qd and bid dosing
ROA: PO
Dose/Dosage form:

1 mg bid ertugliflozin NA NA 1318 19.51 6.00 NA
Cohort 1 (26) (39) (0.50-
12.0)
2 mg qd ertugliflozin NA NA 132.7 26.98 1.00 NA
Cohort 1 28) 37) (0.50-
5.50)
2 mg bid ertugliflozin NA NA 272(19) 34.80 6.00 NA
Cohort 2 (23) (0.50-
8.00)
4 mg qd ertugliflozin NA NA 270.5 50.83 1.00 NA
Cohort 2 (20) (25) (0.50-
6.00)
Treatment 24-Hour UGE (g)’
Route of Administration (ROA)
Dose/Dosage Form

Treatment: single day dosing

ROA: PO

Dose/Dosage form 1 mg. 2 mg and 4 mg

ertugliflozin

1 mg Tablets

Ernugliflozin 1 mg bid 69.45 (9.08)
Ertugliflozin 2 mg qd 70.43 (9.08)
Ertugliflozin 2 mg bid 78.29 (9.77)
Ertugliflozin 4 mg qd 80.54 (9.81)

Reference ID: 4141151
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Box and Whisker Plot of Cumulative Urinary Glucose Excretion (g) Ove
0 to 24 Hours

Urinary Qucose

o
PF-D4371722 1 mg BD PF-04871729 2 mg Q0 PF-(4871728 2 mg SID PF-04971720 4 mg Q0
Troatrment

Source: Figure 14.2.1.3

Circles identfy mdividual subject data: dots identify means. Box plots provide median and 25%/75% quartiles, with
whiskers extended to the minimum/maximum vahies.

Abbreviatons: BID = twice daily. QD = daily

Conclusions:

Pharmacokinetics/Pharmacodynamics:

PD effects (UGE, plasma glucose, and C-peptide) were similar for all treatment groups
following single day dosing of 2 mg and 4 mg doses of ertugliflozin administered qd or
splitinto bid dosing in adults with T2DM.

Bid dosing of ertugliflozin resulted in delayed plasma ertugliflozin Tmax, lower Cmax, but
similar AUCust relative to qd administration of the same total dose.

Safety:
Administration of PO doses of ertugliflozin up to 4 mg was considered to be safe and
well-tolerated in adults with a diagnosis of T2DM.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetic and
pharmacodynamic effect (urinary glucose excretion) of ertugliflozin.
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4.2.5 Study P035/1051 - Steady State PK and PD of 5 and 15 mg qd, and 2.5 and 7.5 mg bid
PO Administration of Ertugliflozin in Healthy Subjects

Study: P035/1051

Study Title: | An Open-Label, Randomized, 2-Period, Crossover, Steady State Evaluation of the
Pharmacokinetics and Pharmacodynamics of Once Daily and Twice Daily Oral
Administration of Ertugliflozin in Healthy Subjects

Objectives: | CohortC:

e To demonstrate equivalence of exposure (AUC24) on Day 6 of ertugliflozin at
total daily dosing of 5 mg when administered QD vs. BID in healthy subjects (5
mg QD and 2.5 mg BID)

e To demonstrate similar steady state PD effect (UGE0-24) of ertugliflozin at total
daily dosing of 5 mg when administered QD vs. BID in healthy subjects (5 mg QD
and 2.5 mg BID)

Cohort B:

e To demonstrate equivalence of exposure (AUC24) on Day 6 of ertugliflozin at
total daily dosing of 15 mg when administered QD vs. BID in healthy subjects
(15 mg QD and 7.5 mg BID)

e To demonstrate similar steady state PD effect (UGE0-24) of ertugliflozin at total
daily dosing of 15 mg when administered QD vs. BID in healthy subjects (15 mg
QD and 7.5 mg BID)

Study Phase 1, open-label, multiple-dose, randomized, 2-period, 2-way crossover study
Design:
Study Population: Healthy Subjects
Population: | MeanAge (range): 34.4 (20-53) years;
n= 52
Res “ltS' }'Iz'remm;n-{d . . Mean PK Parameters
- , 1{5:)0 Administration
Dase/Dasage Form AUC,, AUC, AUC,, C., Toae tin
i (ngehr’  (ngehr/  (ngehr/ (ng'mL)  (hr) (hr)
mL) ml) mL)
3.10)
Ertugliflozin 3 mg qd AUC,: NA NA Com 1 Tmels NA
cobort € 3979 8127 100
8 (29) Caxe (0500,
INA 209
a2
NA
Statistical Comparison: Ratio (bid/qd) (90% CI)
Ermgliflozin 2.3 mg bid vs AUC:
ertughflozin 5 mg qd 100.78
(9876,
102.83)
Ermgliflozin 7.5 mg bid vs AUC,-
ertughflozin 15 mg qd 99.73
©7.08,
102.45)
Treatment 24.Hour UGE (g)’

Route of Administration (ROA)
Dose/Dosage Form

Reference ID: 4141151
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Primary Analysis
Treatment: multiple-dose

ROA: PO

Dose/Dosage form:

Ertugliflozin 7.5 mg bid 58.58 (28)

Ertugliflozin 15 mg qd 57.63 (28)

Ertugliflozin 2.5 mg bid 57.09 (31)

Ertugliflozin 5 mg qd 52.46 (34)

Primary Analysis

Ertugliflozin 7.5 mg bid vs 102.77 (97.69. 108.12)

Ertugliflozin 15 mg qd

Ertugliflozin 2.5 mg bid vs 110.16 (102.96, 117.87)
Ertugliflozin 5 mg qd

Median Plasma Ertugliflozin Concentration-Time Profiles on Day 6
Following Multiple QD or BID Oral Doses

1000.04

100,04

1004

Wedian Plasma Ertugliflozin Concentration (HG/ML)

o 2 4 [ 8 0 12 4 3 15 20 22 24
Mominal Time Past Dose (HR)
Treotment:  Aefesk Ertuglifiozin 15mg QD Cohort B BB Ertugliflozin 7.5mg BID Cohort B
@ ®® Eiiuglifiozin Smg CD Coborl © S Ertugliflozin 2.5mg BID Cohort ©
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Individual and Arithmetic Mean UGE (g) vs. Time Intervals for Treatments
— Cohort B (Upper Panel) and Cohort C (Lower Panel) - Primary Analysis
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Conclusions: | Pharmacokinetics/Pharmacodynamics:

For ertugliflozin 5 mg total daily dose, the 90% CI for the ratio (bid/qd) of geometric
means for AUC24 on Day 6 was wholly within the acceptance criteria for equivalence
(80%, 125%), indicating that ertugliflozin steady state exposure was equivalent when
administered as 2.5 bid vs. 5 mg qd.

For ertugliflozin 15 mg total daily dose, the 90% CI for the ratio (bid/qd) of geometric
means for AUC24 on Day 6 was wholly within the acceptance criteria for equivalence
(80%, 125%), indicating that ertugliflozin steady state exposure was equivalent when
administered as 7.5 mg bid vs. 15 mg qd.

For ertugliflozin 5 mg total daily dose, the 90% CI for UGEo-24 on Day 6 was wholly within
the protocol pre-specified boundaries of (70%, 143%), indicating that the UGEo-24 at
steady state was similar when administered as 2.5 mg bid vs 5 mg qd.

For ertugliflozin 15 mg total daily dose, the 90% CI for the ratio (bid/qd) of geometric
means for UGEo-24 on Day 6 was wholly within the protocol pre-specified boundaries of
(70%, 143%), indicating that the UGEo-24 at steady state was similar when administered
as 7.5 mg bid vs. 15 mg qd.

Safety:
Daily doses of ertugliflozin 5 mg and 15 mg administered as 2.5 mg bid, 5 mg qd, 7.5 mg
bid or 15 mg qd for 6 days were safe and well-tolerated in healthy subjects.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetic and
pharmacodynamic effect (urinary glucose excretion) of ertugliflozin.
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4.2.6 Study P010/1025 - Definitive QTc Study

Study: P010/1025

Study Title: | A Phase 1, Randomized, Double-Blind, Placebo-Controlled, 2-Period, Cross-Over Single Day
Evaluation of the Pharmacokinetic-Pharmacodynamic Effect of Once and Twice Daily Oral
Administration of PF-04971729 in Patients with Type 2 Diabetes Mellitus

Objectives: ® To demonstrate a lack of effect of ertugliflozin on the QTc interval relative to
time-matched placebo in healthy volunteers
Study Phase 1, single-dose, randomized, 3-treatment, 6-sequence, 3-period, crossover, placebo-
Design: and active-controlled study
Study Population: Healthy Subjects
Population: | MeanAge (range): 35.7 (18-54) years
n= 42
. Treatment Mean PK Parameters’
Res“lts' Route of Administration
(ROA) i i
Dose/Dosage Form AUC,, AUCy AUC,, Cax Tz 12
(ngehr/  (ng*hr/  (ng*hr/  (ng/mL) (hr) (hr)
mlL) mL) mL)
Ertugliflozin PK
Treatment: single-dose NA 10290 9932 1735 1.50 1155247
ROA PO (25) 4 32) (0.52-
Dose/Dosage form: 100 mg 3.00)

ermugliflozin tablet

The Point Estimates and the 90% CIs of AAQTcF corresponding to the
Largest Upper Bound for Ertugliflozin 100 mg and the Largest Lower Bound for

Moxifloxacin
(FDA Analysis)
Treatment Time (hour) | AAQTcE (ms) 90% CI (ms)
Ertugliflozin 100 mg 24 3.0 (0.5,5.5)
Moxifloxacin 400 mg* 3 149 (124,17.4)

* Multiple endpoint adjustment was not applied. The largest lower bound after Bonferroni adjustiment
for 4 tune pomts is 11.5 ms

The following are plots from FDA’s QT-IRT analysis:
QT, QTcB, QTcF, and QTcP vs. RR (Each Subject’s
Data Points are Connected with a Line)
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Mean and 90% CI AAQTcF Time Profile
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Conclusions: | Pharmacokinetics/Pharmacodynamics:
A lack of an effect on QTc interval was demonstrated with a single supratherapeutic PO
dose of ertugliflozin 100 mg.

The study was adequately sensitive to assess the effect of ertugliflozin on QTc interval, as
the lower bound of the 2-sided 90% ClIs for the mean difference in QTcF between
moxifloxacin (positive control) and placebo was greater than the predefined cutoff of 5
msec at each pre-specified time point (2, 3, or 4 hours) post dose.

The median ertugliflozin Tmax was 1.5 hours following a single 100 mg oral dose.
Geometric mean Cmax and AUCinf were 1735 ng/mL and 10,290 ngehr/mL, respectively,
and mean ty, was 11.55 hours.

EDA Conclusion:

The ertugliflozin geometric mean Cmax at the supratherapeutic 100 mg ertugliflozin dose
(1735 ng/mL) was ~6.5 times the mean steady-state Cmax following highest proposed
dose of 15 mg qd dose under fasted state (268.2 ng/mL). Amongst the potential worst
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case scenarios, the subjects with mild, moderate and severe renal impairment had mean
increases in AUCinf of <1.7-fold, and no clinically meaningful increases in Cmax. Regarding
the interaction with a UGT inhibitor (mefenamic acid), based on PBPK modeling, the
predicted ertugliflozin AUC and Cmax ratio (ertugliflozin + mefenamic acid/ertugliflozin
alone) were 1.51 and 1.19, respectively. Thus, the exposures with the supratherapeutic
dose of 100 mg adequately cover potential highest clinically relevant exposure scenario
due to the effects of intrinsic/extrinsic factors with therapeutic dose.

Safety:
A single supratherapeutic PO dose of ertugliflozin 100 mg was safe and well tolerated in
the subjects evaluated in this study.

Reference ID: 4141151
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4.2.7 Study P020/1043 - Absolute BA and Fraction Absorbed of Ertugliflozin Using a 14C

Microdose Approach
Study: P020/1043
Study Title: | A Phase 1, Open-Label, Non-Randomized, 2-Period, Fixed Sequence, Study to Assess the
Absolute Bioavailability and Fraction Absorbed of Ertugliflozin in Healthy Male Subjects
Using a 1#C-Microdose Approach
Objectives: ® To determine the oral absolute bioavailability (F) of ertugliflozin
Study Open-label, non-randomized, fixed sequence, 2-period, single-dose
Design:
Study Population: Healthy Subjects
Population: | Age (range): 22-54 years
n= 8
Res ults_ Treatment Mean PK Parameters’
. Route of Administration
RO "
Dose/Dosage Form AUC,, AUG, AUG,, g, T te
(ngehr/  (ngehr/  (ngehr/  (ug/ml)  (hr) (hr)
mL) mL) mL)
Unlabeled erughflozm (P0) NA 1307 1376 2363 100 404217
(13) (12) (14) (1.00
150
[*Clertugliflozin (V) NA 8477 7850 8514 0 os)s 8.098£2.248
%) a9 G (0.083.
0.100)

Median Plasma Concentration-Time Profiles for PO (unlabeled) and IV
(*C-labeled) Ertugliflozin
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Treatment: B84 Unlabeled Ertugliflozin (PO)  #4% 14C—ertugkflozin (IV) |
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Individual and Geometric Mean Dose Normalized AUC;,; Values for
Unlabeled Ertugliflozin and H(‘-Ertugliflozin
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Conclusions:

Pharmacokinetics/Pharmacodynamics:

Following oral administration of ertugliflozin, estimates of absolute bioavailability and
fraction absorbed were approximately 100% (F=105% and Fa=111%)), suggesting
complete absorption.

Following IV administration, ertugliflozin CL and Vss were 187.2 mL/min and 85.5 L,
respectively.

Safety:

Ertugliflozin was safe and well tolerated following simultaneous oral/IV administration.

ertugliflozin.

Reviewer’s Comments:
The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the absolute bioavailability of
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4.2.8 Study P023/1037 - Bioequivalence of Phase 3 and Commercial Image Tablets

Study: P023/1037
Study Title: | A Phase 1, Single Dose, Open-Label, Randomized, Crossover Bioequivalence Study of an
Ertugliflozin 15 mg Commercial Image Tablet vs Ertugliflozin Phase 3 Tablets in Healthy
Subjects
Objectives: ® To demonstrate bioequivalence of the ertugliflozin 15 mg commercial image tablet
to the ertugliflozin Phase 3, 15 mg dose (administered as one 10 mg tablet + one 5
mg tablet) under fasted conditions.
Study Pivotal, Phase 1, open-label, randomized, 2-period, 2-sequence single dose crossover study
Design:
Study Population: Healthy Subjects
Population: | MeanAge (range): 30.8 (23-48) years
n= 16
Results. Treatment: Dose Mean PK Parameters’
. Dosage Form
Route of Administration (ROA)
AUCur AUCh:  Caw Tam  to
(ngehr/  (ngehr/ (ng/mL) (hr) (hr)
mL) mL)
Test: 1354 1334 262.4 1.00 12.58
Treatment: Single-dose (19) (18) n (0500- (=
Dosage form- ertugliflozin 15 mg 1.50) 2.53)
commercial image tablet
ROA: PO
Reference: 1380 1358 2723 1.00 12.18
Treatment: Single-dose (20) (20) (19) (0.500- +
Dosage form ertugliflozin 15 mg 2.00) 2.53)
dose administered as one 10 mg +
one 5 mg Phase 32 tablets
ROA-PO ’ )
Statistical Comparison: Ratio (Test/Reference) (90% CI)”
Test/Reference: 98.07 98.24 96.34 NA NA
(9540, (9557, (8629,
10081)  10097) 107.56)
Median Plasma Ertugliflozin Concentration-Time Profiles Following Single
Oral Doses
3004
25091
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Conclusions: | Pharmacokinetics/Pharmacodynamics:
The 90% CIs for the ratios (commercial image tablet/Phase 3 tablets) of adjusted (least
squares) geometric means for both AUCinf and Cmax were wholly within the acceptance
criteria for bioequivalence (80%, 125%), indicating that the ertugliflozin 15 mg commercial
image tablet is bioequivalent to the ertugliflozin Phase 3, 15 mg dose (administered as one
10 mg tablet + one 5 mg tablet).
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Safety:
Administration of a single 15 mg dose of ertugliflozin as either the commercial image tablet

or the Phase 3, 15 mg dose (administered as one 10 mg tablet + one 5 mg tablet) to healthy
subjects was safe and well tolerated.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetics of ertugliflozin.
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4.2.9 Study P024/1048 - Effect of Food on the PK of Ertugliflozin 15 mg Commercial Image

Tablet
Study: P024/1048
Study Title: A Phase 1, Randomized, Open-Label, 2-Sequence, 2-Period Crossover Study to Estimate the
Effect of Food on the Pharmacokinetics of an Ertugliflozin Commercial Image Tablet in
Healthy Subjects
Objectives: e To estimate the effect of food on the PK of ertugliflozin following administration of
the ertugliflozin 15 mg commercial image tablet.
Study Phase 1, open-label, randomized, 2-period, 2-sequence, single-dose, crossover study
Design:
Study Population: Healthy Subjects
Population: | Mean Age (range): 38.8 (25-53) years
n= 14
R e SultS' Treatment Mean PK Parameters
. Route of Administration
(ROA)
DaseDosage Form AUC,, AUG,, AUG,, Cu. Taax tin
(ngehr/  (ngshr/  (ngehr (mg/mL)  (hr) (hr)
il ) wml ) wml )
Ertugliflozin PK
Test: NA 1240 1220 1949 200 1099198
Treatment: single-dose Fed an a7 0) (1.00-
ROA- PO 6.00)
Dose/Dosage form: 15 mg
ermugliflozin commercial
Rotmnce NA 1326 1308 2711 100 11512257
Treatment: single-dose Fasted Qn Q1) 24 (1.00-
ROA PO 3.00)
Dose/Dosage form: 15 mg
ertugliflozin commercial
tablets
Statistical Comparison: Ratio (Fed/Fasted) (90% CT)”
NA 91.65 91.51 70.65 NA NA
(8801, (§7.62. (6171
9544)  9557) 8088
Median Plasma Ertugliflozin Concentration-Time Profiles Following Single
Oral Doses
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Conclusions: | Pharmacokinetics/Pharmacodynamics:
Administration of ertugliflozin 15 mg commercial image tablet with a high-fat meal resulted
in no meaningful effect on AUCint. Food delayed median Tmax by 1 hour and reduced mean
Cmax by approximately 29% compared to fasted conditions. The decrease in ertugliflozin
Cmax with food is not anticipated to be clinically relevant. Ertugliflozin may be administered
without regard to meals.
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Safety:
Administration of the ertugliflozin 15 mg commercial image tablet under fasted and fed
conditions was safe and well tolerated.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetics and the effect
of food on ertugliflozin.
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4.2.10 Study - P041/1009 - Safety, Tolerability, PK, and PD of Single Escalating and Multiple
Doses of Ertugliflozin in Japanese Subjects

Study: P041/1009
Study Title: A Phase 1, Randomized, Double-Blind, Placebo-Controlled, Parallel-Cohort, Single-Dose
Escalation and Multiple-Dose Study in Japanese Healthy Subjects, and Open-Label, Single-Dose
Escalation Study in Western Healthy Subjects to Investigate the Safety, Tolerability,
Pharmacokinetics, and Pharmacodynamics of PF-04971729
Objectives: e Toinvestigate the safety, tolerability, PK and pharmacodynamics (PD) of single and
multiple doses of PF-04971729 in Japanese healthy subjects
e To investigate the safety, tolerability, PK and PD of single doses of PF-04971729 in
Western healthy subjects.
e To compare the PK and PD of single doses of PF-04971729 in Japanese and
Western healthy subjects.
Study Randomized, double-blind (Sponsor open), placebo-controlled, parallel-cohort, single-dose
Design: escalation and multiple-dose study in Japanese healthy subjects, and open-label, single-dose
escalation study in Western healthy subjects
Study Population: Healthy Subjects
Population: | Age (range): 27-54 years
n= 18 Japanese subjects (N=12 ertugliflozin and N=6 placebo) and
6 Western subjects (N=6 ertugliflozin)
Results: o irion
(ROA)
Dase/Dosage Form ATCpe  AUC,  AUC., Cow Tow
(ugbr/  (ugebr/  (ughr/  (aghnl)  (hr) (ur)

mL) mL) mL)

Statistical Comparison of Single Dase: Ratio (Japanese Subjects'Western Subjects) (90% CT)"

1 mg ertughflozin NA NA 9594 10759 NA NA
(7876, (8761,
11687)  132.11)

5 mg ermgliflozin NA 9894 9966 9747 NA NA

(8L17. (8181  (79.38.
12061) 12140) 119.69)

25 mg ermgliflozin NA 9105 9032  80.04 NA NA
(7470, (7413, (6518,
11099) 11002) 9828)

Multiple Dose PK
Day 1 1973 NA NA 365(15) 250 NA
Treatment: multiple dose (19 (0.500-
ROA: PO 4.00)

Dose/Dosage foom: 25 mg qd
ertugliflozin tablet

Day 7 2191 NA NA 368(23) 250 9.91(35)
Treatment: multiple dose (25) (1.05-
ROA: PO 4.00)

Dose/Dosage form: 25 mg
ertughflozin tablet
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PLASMA PF-0497 1728 Cone (NG/ML)

Treatment 24-Hour UGE (g)’
Route of Administration (ROA)

Dose/Dosage Form

Single-dose
Placebo 0.1(0.0-0.2)

Treatment: single-dose

ROA: PO

Dose/Dosage form:

1 mg ertugliflozin tablet (Japanese 32.6(20.9-34.3)
subjects)

1 mg ertugliflozin tablet (Western 19.0 (9.0-31.5)
subjects)

5 mg ertugliflozin tablet (Japanese 57.0(37.9-78.9)
subjects)

5 mg ertugliflozin tablet (Western 36.6 (17.4-58.4)
subjects)

25 mg ertugliflozin tablet (Japanese 61.5 (50.6-78.2)
subjects)
25 mg ertugliflozin tablet (Western 46.6 (12.8-63.1)
subiects)

Multiple Dose

Day1 0.0 (0.0-0.0)
Placebo

Day1 63.1(52.3-76.5)
Treatment: multiple dose

ROA: PO

Dose/Dosage form: 25 mg qd

ertugliflozin tablet

Day 7 0.0 (0.0-0.1)
Placebo

Day 7 69.9 (53.4-96.6)
Treatment: multiple dose

ROA: PO

Dose/Dosage form: 25 mg ertugliflozin

tablet

Median PF-04971729 Concentration-Time Profiles in Japanese and Western
Healthy Subjects Following Single Oral Doses in Cohort A
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Curnudative Urinory Glucase Excretion (groms) over 0-24 Hours

PLASMA PF-04871723 Conc (NG/ML)

Median PF-04971729 Concentration-Time Profiles Following Multiple Dose
Administrations of PF-04971729 on Day 1 and Day 7 in Cohort B
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Cumulative Urinary Glucose Excretion Over 0-24 Hours by Dosing Day-

Cohort B
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Conclusions:

Pharmacokinetics/Pharmacodynamics:
The median Tmax was 1.00 to 1.50 hours under fasted conditions and was delayed to 2.50
hours under fed conditions.

Exposure (Cmax and AUCuast) of ertugliflozin increased with dose in an approximately dose
proportional manner in both Japanese and Western healthy subjects following single-dose
administration.

Apparent ty, of ertugliflozin in Japanese and Western healthy subjects was approximately
9.91 to 13.6 hours following single- and multiple-dose administration. The accumulation of
ertugliflozin exposure after multiple dose administration was minimal.

Single PO doses of ertugliflozin of 1 mg, 5 mg, and 25 mg in healthy Japanese and Western
subjects induced glycosuria; the amount of UGE and inhibition of renal glucose
reabsorption was dose dependent. In addition, little difference was observed for these
parameters between Day 1 and Day 7 following ertugliflozin 25 mg qd dosing.

There were no meaningful ethnic differences in ertugliflozin exposure (Cmax and AUCiast) and
ertugliflozin-induced UGE between Japanese and Western healthy subjects.

Safety:

Ertugliflozin administered orally as single-doses of 1 mg, 5 mg, and 25 mg in healthy
Japanese and Western subjects and multiple doses of 25 mg qd in healthy Japanese subjects
were safe and well-tolerated with no deaths, serious adverse events, severe adverse events,
or discontinuations due to adverse events.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the pharmacokinetic and
pharmacodynamic effect (urinary glucose excretion) of ertugliflozin.
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4.2.11 Study P014/1024 - Evaluation of Hepatic Impairment on the PK of Ertugliflozin 15 mg

ROA: PO
Dosa/Dosage form: 15 mg
ertugliflozin tablets

Study: P014/1024
Study Title: | A Phase 1, Non-Randomized, Open-Label, Single Dose Study to Evaluate the Pharmacokinetics,
Safety and Tolerability of Ertugliflozin (MK-8835/PF-04971729) in Subjects With Hepatic
Impairment and in Healthy Subjects With Normal Hepatic Function
Objectives: e To evaluate the effect of moderate hepatic impairment on the PK of ertugliflozin
following a single oral dose of ertugliflozin 15 mg
Study Phase 1 open-label, single-dose, single-treatment, non-randomized study of ertugliflozin in
Design: subjects with hepatic impairment and normal healthy subjects matched for gender, age and
weight
Study Population: Healthy Subjects and Hepatic Impaired Patients
Population: | Age (range): 49-60 years
n= 16 (8 normal hepatic function and 8 moderate hepatic
impairment)
Results: ot Fadenrion
(ROA)
Dose/Dosage Form AUC,, AUGy AUC,,; G Tan iz
(ngehr/  (ngehr!  (ngehr/  (ng/ml)  (hr) (hr)
mL) mL) mL)
Total Ertugliflozin
Test NA 1430 1413 2511 125 14564654
Moderate hepatic impairment 39) (39) Q@n (0.500-
Treamment: single-dose 4.00)
ROA: PO
Dosa/Dosage form: 15 mg
ertugliflozin tablets
Reference: NA 1636 1618 3190 100 13774451
Normal hepatic function (14 (14) (11 (1.00-
Treaunent. smgle-dose 2.00)

Statistical Comparison: Ratio (Moderate hepatic impairment/Normal hepatic function) (90% cr’

NA 8743 87.31 78.70 NA NA
(68.11, (6801, (6574,
112.22) 112.08) 9423)
TUnhound Ertugliflozin
Test: NA AUCu, AUCL:; Cin. NA NA
Moderate hepatic 5314 . 9336
impatrment 247 (30)
Treatment: single-dose “4)
ROA: PO
Dose/Dosage form: 15 mg
ertughflozin tablets
Reference: NA AUC, AUC,: Cixza NA NA
Normal hepauc function 55.40 . 0.79
Treatment: single-dose (16) 3477 (15)
ROA: PO (15)

Dose/Dosage form: 15 mg
ertugliflozin tablets

Statistical Comparison: Ratio (Moderate hepatic impairment/Normal hepatic fanction) (90% CT)

n

Reference ID: 4141151

NA  AUCwy AUGu Coma
9500 L9581 863
(72,46, (72.40. (70.49,
12697)  12679) 10620)
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PF06881944 (\50)

Test: NA 2636 2602 3171 203 14186105
Modezate hepatic @n @an @9 (1.50-
impairment 4.00)
Treaunent: single-dose
ROA:-PO
Dose/Dosage form: 15 mg
ertugliflozin tablets
Reference: NA 1807 1785 2639 2.00 1499z6.10
Normal hepatic function [€3))] @3n 32 (1.00-
Treatment: sy 3.00)
ROA: PO
Dose/Dosage form: 15 mg
ertughflozin 1
PF-06683948 (M5a)
Test: NA 3847 3787 4064 255 1437+ 607
Moderate hepatic (32) (32) 35 (2.00-
impairment 6.00)
Treatment: single-dose
ROA:-PO
Dose/Dosage form: 15 mg
\iflozi
Reference. NA 5221 5125 62.38 2,50 13432516
Normal hepatic function [€3))] (32) (€D)] (2.00-
Treatment: single-dose 4.00)
ROA: PO
Dose/Dosage form: 15 mg
ertugliflozin tablers
Individual and Geometric Mean Plasma Ertugliflozin AUCjsand Cpppp
Values by Hepatic Function Group
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Pharmacokinetics/Pharmacodynamics:

Based on the total and unbound ertugliflozin exposure, moderate hepatic impairment did
not result in an increase in the exposure of ertugliflozin. The slight decrease in Cmax and AUC
observed in subjects with moderate hepatic impairment compared to subjects with normal

hepatic function is not anticipated to be clinically relevant.
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Safety:
A single PO dose of ertugliflozin 15 mg administered to healthy subjects with normal
hepatic function and moderate hepatic impairment was safe and well tolerated.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the effect of moderate hepatic
impairment on the pharmacokinetics of ertugliflozin.
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4.2.12 Study P009/1023 - Evaluation of Renal Impairment on the PK and PD of Ertugliflozin
15 mg in Subjects with T2DM

Reference ID: 4141151

Study: P009/1023
Study Title: A Phase 1, Non-Randomized, Open-Label, Single Dose Study to Evaluate the Effect of Renal
Impairment on the Pharmacokinetics, Pharmacodynamics, Safety and Tolerability of
Ertugliflozin in Subjects With Type 2 Diabetes Mellitus
Objectives: ® To evaluate the effect of renal impairment on the PK of ertugliflozin following a
single oral dose of 15 mg.
e To evaluate the effect of renal impairment on the PD effects of ertugliflozin
following a single oral dose of 15 mg.
e To evaluate the safety and tolerability of a single oral dose of ertugliflozin 15 mg in
T2DM subjects with varying degrees of renal impairment and in healthy subjects
with normal renal function.
Study Phase 1, open-label study of a single oral dose of ertugliflozin 15 mg administered in the
Design: fasted state to T2DM subjects with various degrees of renal impairment and to T2DM and
healthy subjects with normal renal function
Study Population: Healthy Subjects and Renal Impaired Patients
Population: | Age (range): 49-76 years
n= 36 (8 healthy normal renal function, 6 T2DM normal renal
function, 8 T2DM mild renal impairment, 8 T2DM moderate renal
impairment, 6 T2DM severe renal impairment)
Treatment Mean PK Paramerers™
ReSIIltS: Route of Administration
(ROA)
Dose/Dosage Form AUC,, AUCy  AUC,, Can Tax 12
(ngrhr/  (ngehr’  (ngehr/  (ng/mL)  (hr) (br)
mL) mL) mL)
Ertugliflozin
Treatment: single-dose
ROA: PO
Dose/Dosage form: 15 mg
ertugliflozin tablets
Healthy normal renal NA 1236 1214 2193 1.00 1771+£353
function en  en Qe (1.00-
200)
T2DMunomal renal fanction NA 1199 1174 2159 100 1462637
(42) 42) (23 (1.00-
1.50)
T2DM 1uld renal NA 1908 1814 3131 150 2594 +1308
impairmeat (28) @7 20) (1.00-
2.00)
T2DM moderate renal NA 2075 2011 305.7 1.50 22894735
impairment (19) as o3 (0 500-
2.00)
T2DM severe renal NA 1895 1816 196.4 151 2417£598
P— 23) Q3 ey (0.500-
3.02)
PF-06481944 (M5¢)
Treaunent: single-dose
ROA: PO
Dose/Dosage form: 15 mg
ermgliflozin tablets
Healthy normal repal NA 1113 1080 168.6 2.00 17.51£5.69
function fe3) G G (1.50-
3.00)
T2DM normal renal NA 1559 1536 2178 200 1668+ 9.46
function ey ey ag (1.00-
3.00)
T2DM mild renal NA 2620 2517 3000 200 204£1215
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impairment (34) 32 30 (1.50-
4.00)
T2DM moderate renal NA 3668 3552 3585 3.00 233316.15
impairment (36) (533) (28) (1.50-
3.00)
T2DM severe renal NA 2742 2642 218.6 3.00 2283159
impairment 1) (40) (33) (1.50-
4.00)
PE-06685948 (M5a)
Treatment: single-dose
ROA: PO
Dose/Dosage form: 15 mg
ertugliflozin tablets
Healthy normal renal NA 3376 329.1 4390 2.00 15.68 + 4.66
function Q2n (28) 29 (2.00-
3.00)
T2DM normal renal NA 3839 3719 4444 2.00 1487+ 7.77
function (26) (0))] 22) (1.50-
3.00)
T2DM mild renal NA 604.1 579.8 53.56 3.00 21.71+11.26
impairment 39) (E1))] an (2.00-
4.03)
T2DM meoderate renal NA 950.9 017.7 63.10 4.00 2249 +530
impairment (75) (74 (42) (2.00-
4.00)
T2DM severe renal NA 975.0 922.1 4642 351 25221042
impairment (33) [&)))] (33) (3.00-
Treatment 24-Hour UGE (g)"

Route of Administration (ROA)

Dose/Dosage Form

Day -2
Treatment: single-dose
ROA: PO

Dose/Dosage form: 15 mg ertugliflozin

tablets
Healthy normal renal function

T2DM normal renal function

T2DM mild renal impairment

T2DM moderate renal impairment

T2DM severe renal impairment

Day 1
Treatment: single-dose
ROA: PO

Dose/Dosage form: 15 mg ertugliflozin

tablets

Healthy normal renal function
T2DM normal renal function
T2DM mild renal impairment

T2DM moderate renal impairment

T2DM severe renal impairment

01(0001)
8.2(0.1-29.0)
01(00290)
02(0027)

23(01-89)

45.8 (27.4-70.0)
68.1 (51.5-120.5)
36.4 (6.3-119.9)
28.8 (13.1-77.2)
10.3 (4.9-20.7)
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Day 2
Treatment: single-dose

ROA: PO

Dose/Dosage form: 15 mg ertugliflozin

tablets

Healthy normal renal function 31.9(5.1-50.2)
T2DM normal renal function 64.2 (20.4-101.9)
T2DM mild renal impairment 32.1(02.-85.6)
T2DM moderate renal impairment 19.6(7.9-46.1)
T2DM severe renal impairment 15.4(9.6-20.0)
Day 3

Treatment: single-dose

ROA: PO

Dose/Dosage form: 15 mg ertugliflozin

tablets

Healthy normal renal function 16.9 (4.8-37.2)
T2DM normal renal function 40.6 (6.3-89.7)
T2DM mild renal impairment 23.8(0.2-79.2)
T2DM moderate renal impairment 11.9 (7.4-42.9)
T2DM severe renal impairment 14.6 (5.3-19.7)
Day 4

Treatment: single-dose

ROA: PO

Dose/Dosage form: 15 mg ertugliflozin

tablets

Healthy normal renal function 7.4 (1.7-18.0)
T2DM normal renal function 24.0(3.4-59.1)
T2DM mild renal impairment 9.5 (0.0-77.4)
T2DM moderate renal impairment 6.6 (3.7-37.7)
T2DM severe renal impairment 11.5(4.8-16.2)

Median Plasma Ertugliflozin Concentration-Time Profiles Following a
Single 15-mg Oral Dose by Renal Function Group

300

200

Median Plosme Ertug iflozin Cancentration (na/mL}

n an an 100

Nominal Time Post Dose (HR}
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Regression and 90% CT of Ln CL/F After Oral Administration of
Ertugliflozin Versus BSA-unnormalized ¢eGFR in Subjects with Varying
Degrees of Renal Function
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Conclusions: | Pharmacokinetics/Pharmacodynamics:

Ertugliflozin PK were similar between healthy and T2DM subjects with normal renal
function. Systemic exposure (AUCinf) of ertugliflozin was higher in subjects with mild,
moderate and severe renal impairment. The mean increases in exposures were less than 2-
fold and are not anticipated to be clinically meaningful.

The change from baseline in 24-hour UGE on Day 1 for T2DM subjects with mild, moderate
and severe renal impairment decreased with decline in renal function compared to T2DM
subjects with normal renal function.

Safety:

A single PO dose of 15 mg ertugliflozin was safe and well-tolerated in the healthy and T2DM
subjects with normal renal function, and T2DM subjects with mild, moderate, and severe
renal impairment.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the effects of renal impairment on the
pharmacokinetics of ertugliflozin.
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4.2.13 Study P022/1033 - Two-Way DDI between Ertugliflozin 15 mg and Sitagliptin 100 mg

Study: P022/1033
Study Title: | A Phase 1, Randomized, Open-Label, 3-Period, 6-Sequence Study to Estimate the
Pharmacokinetic Interaction between Ertugliflozin and Sitagliptin in Healthy Subjects
Objectives: ® To estimate the effect of sitagliptin on the PK of ertugliflozin following oral
administration of a single dose (SD) of 15 mg ertugliflozin and 100 mg sitagliptin in
healthy volunteers.
® To estimate the effect of ertugliflozin on the PK of sitagliptin following oral
administration of ertugliflozin 15 mg SD and sitagliptin 100 mg SD in healthy
volunteers.
Study Phase 1, open-label, randomized, 3-period, 6-sequence single oral dose crossover DDI study
Design:
Study Population: Healthy Subjects
Population: | MeanAge (range): 34.7 (25-53) years
n= 12
Treatment Mean PK Parameters”
Results: Route of Administration
ROY) _ _ _
Dose/Dosage Form AUCq  AUCy  AUC,,: Caun Tam tiy
(ngehr/  (ugrhr/  (ngehr/  (ng/mLl)  (hr) (br)
mL) mL) mL)
100)
Ertugliflozin PK
Test NA 1443 1412 2581 100 14172455
Treaunent: smgle-dose 25 24) (26) (0.500-
ROA: PO 2.10)
Dose/Dosage form: 15 mg
ertugliflozin + 100 mg
sutaghpun tablet
Reference NA 1413 1385 2629 100 1263515
Treatment: single-dose (26) (26) (25) (1.00-
ROA: PO 3.00)
Dose/Dosage form: 15 mg
ermgliflozin tablets
Statistical Comparisen: Ratio (Co-administration ertugliflozin + sitaglipin Ertugliflozin monotherapy)
(90% CIy’
NA 10227 NA 9818  NA NA
(99.72, (91.20.
104.89) 105.70)
Sitagliptin PK*
Test NA 6.997 6912 8053 3.00 11.79£298
Treaunent: sugle-dose (20) 2D (24) (1.00-
ROA: PO 6.00)
Dose/Dosage form: 15 mg
ertugliflozin + 100 mg
sitaghipun tablet
Reference NA 6.882 6814 792.0 2.00 11.00+2.89
Treatment: single-dose 2 20 (24) (1.00-
ROA- PO 400)
Dose/Dosage form: 100 mg
sitagliptin tablets
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Median Plasma Ertugliflozin Concentration-Time Profiles Following a
Single Oral Dose of Ertugliflozin Alone and Co-administered with
Sitagliptin
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Conclusions:

Pharmacokinetics/Pharmacodynamics:
For ertugliflozin, the GMRs and corresponding 90% CIs for AUCinf and Cmax were 102.27%
(99.72%, 104.89%) and 98.18% (91.20%, 105.70%), respectively, indicating that there are

no meaningful differences in the PK of ertugliflozin when it is administered with sitagliptin,
as compared to single PO dose of ertugliflozin alone.

For sitagliptin, the GMRs and corresponding 90% CIs for AUCinf and Cmax were 101.67%
(98.40%, 105.04%) and 101.68% (91.65%, 112.80%), respectively, indicating that there
are no meaningful differences in the PK of sitagliptin when it was administered with
ertugliflozin, as compared to single PO dose of sitagliptin alone.

Safety:
Administration of ertugliflozin 15 mg single-dose with sitagliptin 100 mg single-dose was

shown to be safe and well tolerated.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable

protocol violation and deviations. The trial reasonably captured the drug-drug interaction between
ertugliflozin and sitagliptin.

Reference ID: 4141151
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4.2.14 Study P019/1032 - Two-Way DDI between Ertugliflozin 15 mg and Metformin 1000 mg

Study: P019/1032
Study Title: | A Phase 1, Randomized, Open-Label, 3-Period, 6-Sequence Study to Estimate the
Pharmacokinetic Interaction Between Ertugliflozin and Metformin in Healthy Subjects
Objectives: e To estimate the effect of metformin on the PK of ertugliflozin following oral
administration of a single dose of 15 mg ertugliflozin and 1000 mg metformin in
healthy volunteers.
® To estimate the effect of ertugliflozin on the PK of metformin following oral
administration of a single dose of 15 mg ertugliflozin and 1000 mg metformin in
healthy volunteers.
Study Phase 1, open-label, randomized, 3-period, 6-sequence, single-dose, crossover study
Design:
Study Population: Healthy Subjects
Population: | MeanAge (range): 37.6 (24-55) years
n= 18
ResultS: g:::’:?xdminisn'zliun Mean PR Parameters
ROA)
Dose/Dosage Form AUCu, AUC, AUGL, Cu T tin
(ngehr/  (ng*hr/  (mgehr/ (mgmL) (hr) (hr)
ml)  ml)  wml)
Ertugliflozin PK
Test NA 1388 1267 2645 129 1348 £465
Treatment: smele-dose (23) 22) (20) (1.00-
ROA: PO 3.00)
Dose/Dosage form: 15 mg
ermgliflozin + metformin
1000 mg tablet
Reference NA 1363 136 223 102 1179234
Treatment: single-dose 24) (23) 24 (1.00-
ROA: PO 2.00)

Dose/Dosage form: 15 mg
ertughiflozin tablets

istration ertugliflozi

Statistical Comparison: Ratio (Coadmi + metformin/Ertugliflozin monotherapy)

Reference ID: 4141151

90% CT)°
NA 10034 10152 9714 NA NA
(9743, (9865 (88.77
103.34)  104.48) 106.30)
Metformin PK

Test NA 12260 12270 1835 200 1447694
Treatment: smgle-dose 2n (23) (26) (1.00-
ROA: PO 3.00)

Dose/Deosage form: 15 mg

ertughiflozin + metformin

1000 mg tablet

Reference NA 12770 12550 1983 2.00 1023239
Treatment: single-dose 2n 26) (26) (0.50-

ROA: PO 4.00)

Dosz/Dosage form: 1000 mg

metformin

Stzlisli(:lh Comparison: Ratio (Coadininistration ertugliflozin + metformin/Metformin monotherapy)
(90% CI)

NA 10094 9775 94.00 NA NA
(9062, (8946, (8294
112.44) 10682) 106.55)
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Median Plasma Ertugliflozin Concentration-Time Profiles Following Single
15 mg Oral Dose Alone and With 1000 mg Metformin
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Conclusions: | Pharmacokinetics/Pharmacodynamics:

For ertugliflozin, the ratios of the adjusted least squares means for AUCinf, and Cmax were
100.34% and 97.14%, respectively, and the 90% ClIs for the ratios fell entirely within the
accepted equivalence limits of (80%, 125%), indicating that there are no clinically
meaningful differences in ertugliflozin PK when it is co-administered with metformin, as
compared to a single-dose of ertugliflozin alone.

For metformin, the ratios of the adjusted least squares means for AUCinf and Cmax were
100.94% and 94.00%, respectively, and the 90% ClIs for the ratios fell entirely within the
accepted equivalence limits of (80%, 125%), indicating that there are no clinically
meaningful differences in metformin PK when it is co-administered with ertugliflozin, as
compared to a single-dose of metformin alone.
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Safety:
A single PO dose of ertugliflozin 15 mg, administered alone or in combination with
metformin 1000 mg was safe and well tolerated.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the drug-drug interaction between
ertugliflozin and metformin.
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4.2.15 Study P032/1044 - Two-Way DDI between Ertugliflozin 15 mg and Glimepiride 1 mg

Study: P032/1044
Study Title: | A Phase 1, Randomized, Open-Label, 3-Period, 6-Sequence Study to Estimate the
Pharmacokinetic Interaction Between Ertugliflozin and Glimepiride in Healthy Subjects
Objectives: ® To estimate the effect of glimepiride on the PK of ertugliflozin following oral
administration of single doses of ertugliflozin 15 mg and glimepiride 1 mg in
healthy subjects.

e To estimate the effect of ertugliflozin on the PK of glimepiride following oral
administration of single doses of ertugliflozin 15 mg and glimepiride 1 mg in
healthy subjects.

Study Phase 1, open-label, randomized, 3-period, 6-sequence, single-dose, crossover, DDI study
Design:
Study Population: Healthy Subjects
Population: | MeanAge (range): 32.6 (19-50) years
n= 18
X Trea Mean PK Par :
Results: Route of Adinistration
(ROA)
Dose/Dosage Form AUC,, AUGy AUC,: Cu Toax t1z
(ngehr/  (ngrhr/  (ngrhr/  (ng/mLl)  (br) (hr)
ml)  ml) ol
Ertuglifiozin PK
Test: NA 1272 1236 1443 2.00 1127+328
Treatment: single-dose 19 19 0 (1.50-
ROA: PO 3.00)
Dose/Dosage form: 15 mg
ertughflozin + ghmepmde
1 mg tablet
Reference: NA 1225 1210 1438 200 10632244
Treatment: single-dose 19) 19) an (1.50-
ROA: PO 3.00)
Dose/Dosage form: 15 mg
ertughiflozin tablets
Statistical Comparison: Ratio (Coadministration ertugliflozin + glimepiride/Ertugliflozin monotherapy)
(90% CI)"

NA 10211 10196 9820 NA NA
(97.19. (9725, (9217,
10727)  10690) 104.63)

Glimepiride PK
Test: NA 2238 2317 30.13 4.00 6.677=4.018
Treatment: single-dose (78) (64) (32) (1.50-
ROA: PO 12.0)
Dose/Dosage form: 15 mg
ertughflozm + glumepinde
1 mg tablet
Reference: NA 2023 1744 2042 3.00 5888 £2.793
Treatment: single-dose (66) 73) (64) (1.00-
ROA: PO 12.0)
Dose/Dosage form: 1 mg
ghimepinde tablet

Statistical Comparisen: Ratio (Coadministration ertugliflozin + glimepiride/Glimepiride mnonotherapy)
90% CT)°
NA 109.80 127.40 97.39 NA NA
(9814, (10833, (71.07,
122.86) 149.83) 133.46)
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Median Plasma Ertugliflozin Concentration-Time Profiles Following a
Single Oral Dose of Ertugliflozin Alone and with Glimepiride
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Conclusions:

Pharmacokinetics/Pharmacodynamics:
There are no meaningful differences in ertugliflozin PK when it is administered with

glimepiride, as compared to a single-dose of ertugliflozin alone. There are no meaningful
differences in glimepiride PK when it is administered with ertugliflozin, as compared to a

single-dose of glimepiride alone.

Safety:

Single PO doses of ertugliflozin 15 mg, glimepiride 1 mg, and co-administration of single-
doses of ertugliflozin 15 mg and glimepiride 1 mg were found to be safe and well tolerated

in healthy subjects in this study.

Reviewer’s Comments:
The sponsor’s assessments and conclusions from this study are acceptable. There were no notable

protocol violation and deviations. The trial reasonably captured the drug-drug interaction between
ertugliflozin and glimepiride.

Reference ID: 4141151
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4.2.16 Study P030/1036 - Two-Way DDI between Ertugliflozin 15 mg and Simvastatin 40 mg

Study: P030/1036
Study Title: | A Phase 1, Randomized, Open-Label, 3-Period, 6-Sequence Study to Estimate the
Pharmacokinetic Interaction Between Ertugliflozin and Simvastatin in Healthy Subjects
Objectives: e To estimate the effect of simvastatin on the PK of ertugliflozin following oral
administration of a single dose of ertugliflozin 15 mg and simvastatin 40 mg in
healthy subjects.

e To estimate the effect of ertugliflozin on the PK of simvastatin and simvastatin acid
following oral administration of a single dose of ertugliflozin 15 mg and
simvastatin 40 mg in healthy subjects.

Study Phase 1, open-label, randomized, 3-period, 6-sequence, single-dose, crossover, DDI
Design: interaction study
Study Population: Healthy Subjects
Population: | MeanAge (range): 31.3 (19-51) years
n= 18
Results: o i TRT
(ROA)
Dose/Dosage Form AUC,, AUC,  AUC,:  Cau T tin
(ng*hr/  (ng*hr’ (ng-hr/ (mg/mL) (hr) (hr)
mD)  mD mD
Ertugliflozin PK
Test: NA 1404 1378 2808 100 1258 +398
Treatment- single-dose Q7 (26) (28) (1.00-
ROA. PO 2.00)

Dose/Dosage form: 15 mg
ertughiflozin + sumvastatin

40 mg tablet

Reference: NA 1371 1348 267.0 1.50 1234 £3.07
Treatment: single-dose [e2)] 25 (23) (1.00-

ROA: PO 2.50)

Dose/Dosage form: 15 mg

ertughflozin tablets

Smisﬁm{ Comparison: Ratio (Coadiministration ertugliflozin + simvastatin/ Ertugliflozin monotherapy)
(90% CT)
NA 102.40 10226 105.16 NA NA
(99.57. (9958, (9826,
10531) 10501) 112.54)

Simvastatin PK

Test: NA 4688 4511 9421 125 7436+2717
Treatment: single-dose (89) (90) (81) (0.500-
ROA- PO 12.0)

Dose/Dosage form: 15 mg
erugliflozin + simvastatin

40 mg tablet

Reference: NA 3928 36.28 7914 1.00 5.883%1962
Treaunent: smgle-dose (55 72) (63) (0.500-

ROA-PO 12.0)

Dose/Dosage form: 40 mg
simvastatin tablets

Statistical Comparison: Ratio (Coadiministration ertugliflozin + siimvastatin/Simvastatin monotherapy)

90% CTy’
NA 12383 12432 11905 NA NA
9092, (10156, (9722
168.66) 152.17) 145.77)
Simvastatin Acid PK
Test: NA 3835 2947 2.085 4.00 8.603 12911
Treatment: single-dose 78 (125) 7 (2.50-
ROA: PO 8.00)

Dose/Dosage form' 15 mg
ertughflozin + sumvastatin

40 mg tablet

Reference: NA 2349 2303 1.803 4.00 8436+ 6.001
Treatment: single-dose (17 (110) (106) (1.50-

ROA: PO 12.0)

Dose/Dosage form: 40 mg

simvastatin tablets

Statistical Comparison: Ratio (Coadiministration ertugliflozin + simvastatin/Simvastatin monotherapy)
(90% CT)°
NA 13046 12799 11566 NA NA
(10832, (11187, (9574
157.13)  14644) 139.71)
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Median Plasma Ertugliflozin Concentration-Time Profiles Following Single
15 mg Oral Dose Alone and With 40 mg Simvastatin
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Conclusions: | Pharmacokinetics/Pharmacodynamics:

There is no effect of simvastatin on the PK of ertugliflozin following PO administration of a
single-dose of ertugliflozin 15 mg and simvastatin 40 mg in healthy subjects. Oral
administration of a single-dose of ertugliflozin 15 mg and simvastatin 40 mg in healthy
subjects increased simvastatin AUCinf and Cmax by approximately 24% and 19%,
respectively, and increased simvastatin acid AUCinf and Cmax by approximately 30% and
16%, respectively. These increases in simvastatin and simvastatin acid exposures are not
expected to be clinically relevant.

Safety:
Co-administration of a single-dose of ertugliflozin 15 mg and simvastatin 40 mg was safe
and well-tolerated in this study.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the drug-drug interaction between
ertugliflozin and simvastatin.
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4.2.17 Study P021/1040 - Effect of Multiple Dose Rifampin 600 mg on the PK of Ertugliflozin

15 mg
Study: P021/1040
Study Title: A Phase 1, Open-Label, 2-Period, Fixed Sequence Study to Estimate the Effect of Rifampin on
the Pharmacokinetics of Ertugliflozin in Healthy Volunteers
Objectives: e To estimate the effect of rifampin oral administration on the PK of ertugliflozin
15 mg single dose (SD).
Study Phase 1, open-label, 2-period, fixed-sequence study
Design:
Study Population: Healthy Subjects
Population: | Mean Age (range): 41.3 (19-54) years
n= 12
ResultS: {::al'::\efl::dminisrrnﬁnn Mean PIC Fasaumeters
(ROA)
DoseDasage Form AUC,, AUG,, AUG,, Cu T (303
= il il - il A
Ertugliflozin PK
Test NA 8381  $85 1998 100 92428
Treatment: multiple doses of (21) (22) (40) (0.50-
rifampmn 600 mg qd 3.08)

(Days 1-7 and Days 9-10) and
single-dose of ertugliflozin
ROA: PO

Dose/Dosage form 13 mg
ertughiflozin + nfampin

600 mg qd tablet
Reference: NA 1370 1350 2361 1.00 123+20
Treatment: single-dose (30) (31) (38) (1.00-
ROA: PO 3.00)
Dose/Dosage form® 15 mg
ertughflozin tablets
Statistical Comparisen: Ratio (Coadministration ertugliflozin + rifampin/Ertugliflozin monaotherapy)
(90% C1)°
NA 61.16 NA 8462 NA NA
(57.22, (7417,
6537) 96.53)

Median Plasma Ertugliflozin Concentration-Time Profiles Following a
Single Oral Dose of Ertugliflozin Alone and Co-administered with Multiple
Dose Rifampin
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Conclusions: | Pharmacokinetics/Pharmacodynamics:

Co-administration of multiple doses of 600 mg qd rifampin and a single 15 mg ertugliflozin
dose decreased ertugliflozin exposure (AUCinf) and peak exposure (Cmax) by approximately
39% and 15%, respectively, relative to when ertugliflozin was administered alone.

Safety:

A single PO dose of ertugliflozin 15 mg, administered in the absence and the presence of
multiple-dose rifampin was safe and well tolerated in healthy subjects evaluated in this
study.

Reviewer’s Comments:

The sponsor’s assessments and conclusions from this study are acceptable. There were no notable
protocol violation and deviations. The trial reasonably captured the drug-drug interaction between
ertugliflozin and rifampin.
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4.3 Pharmacometrics Assessment

4.3.1 Applicant’s Population PK Analysis

The applicant conducted population PK analysis to:

. Describe the structural pharmacokinetic (PK) model and quantify the population
variability in the PK parameters of ertugliflozin.

. Describe the effects of intrinsic and/or extrinsic factors on ertugliflozin exposure.

. Generate individual clearance estimates for patients in Phase 2 and 3 studies that can

be used for subsequent exposure-response analyses.

Pharmacokinetic data from 15 clinical studies (nine Phase 1, two Phase 2, and four Phase 3 studies) were
included in the analysis. The study design, study population, and timing of blood samples varied among
the 15 clinical studies. The study designs are summarized in Table 4.3.1-1. The data file for the final
model contained 13691 PK observations from 2276 subjects.

Table 4.3.1-1 Study Design Summary

open-label, single group,
single-period study

Phase 1, non-randomized,

as single radiolabeled dose
to evaluate PK, mass
balance & metabolism

Protocol # & Study Dosage Regimen & Number of Subjects in Dose(s) [mg]
Design Study Description POPPK Analysis, Subject

Type & Food Status
MK-8835-036/B1521001: | Solution/suspension 24 healthy and fasted/fed 0.5, 2.5, 10, 30,
Phase 1, randomized, administered as single (100 mg) 100. 300
double-blind, ascending dose to evaluate '
placebo-controlled, two PK, safety & tolerability
cohort, interleaving
design, first-in-human,
crossover study
MK-8835-037/B1521002: Solution/suspension 32 healthy and fed 1.5, 25, 100
Phase 1, randomized, administered as single &
double-blind, 14-day repeated QD dose
placebo-controlled, to evaluate PK, PD, safety
parallel group study & tolerability
MK-8835-038/B1521003: | Suspension administered 6 healthy and fasted 25

Phase 1, randomized,
double-blind,
placebo-controlled,
2-cohort, 2-period
crossover study

MK-8835-040/B1521007:

Tablet(s) administered as a
single dose or split into
two doses, administered 5
hours apart, to evaluate
PK, PD, safety &
tolerability

52 T2DM and fed

2mgQDor I mg
BID/ 4 mg QD or

2 mg BID

Reference ID: 4141151
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MK-8835-041/B1521009: | Tablet(s) administered as 18 healthy and fasted/fed 1,5,25
Phase 1, randomized, ascending single & (25 mg QD x 7 days)

double-blind, multiple daily dose x 7

placebo-controlled, two days to evaluate PK, PD,

cohort, parallel group safety & tolerability

study

MK-8835-009/B1521023: | Tablet(s) administered as 36; 8 healthy and fasted, 28 15
Phase 1. non-randomized, | single dose to evaluate T2DM and fasted

open label, parallel group effect of RI on PK, PD,

study safety & tolerability

MK-8835-010/B1521025: Tablet(s) administered as 40 healthy and fasted 100
Phase 1. randomized, single dose to evaluate

sponsor open, placebo- & effect on QT interval

active-controlled, 3-period

crossover study

MK-8835-024/B1521048: Tablet(s) administered as 14 healthy and fasted/fed 15

Phase 1, randomized,
open-label, 2-period,
crossover study

single dose to evaluate
effect of food on PK

MK-8835-035/B1521051:
Phase 1. randomized,
open-label, 2-period,

Tablet(s) administered as a
single dose or split into
two doses x 6 days to

50 healthy and fasted

SmgQDor 2.5
mg BID/ 15 mg
QD or 7.5 mg

2-way crossover study demonstrate bioequivalent BID
PK & similar PD effect

MK-8835-042/B1521004: | Tablet(s) administered 111 T2DM and fed 1,5,25

Phase 2. randomized, daily for 4-weeks to

double-blind, evaluate effect on systolic

double-dummy, placebo- blood pressure

& active-controlled,

S5-arm, parallel group

study

MK-8835-016/B1521006: | Tablet(s) administered 196 T2DM and fed 1,5,10,25

Phase 2. randomized, daily for 12-weeks to

double-blind, evaluate dose-response of

double-dummy, placebo- glycemic control

& active-controlled,

6-arm, 2-period, parallel

group study

MK-8835-001/B1521016: | Tablet(s) administered 289 T2DM and without 5,15

Phase 3, randomized,
double-blind, multicenter,
placebo-controlled,
parallel group study

once daily for 52 weeks
(including a 26-week
Phase A and 26-week
Phase B) to evaluate safety
and efficacy

regard to food ¢
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MK-8835-007/B1521017:
Phase 3, randomized,
double-blind, multicenter,
placebo-controlled study

Tablet(s) administered
once daily for 26 weeks to
evaluate effect on HbAlc,
safety & tolerability
followed by 78-week
extension

386 T2DM and without
regard to food ¢

Phase 3, randomized,
double-blind, multicenter,
placebo-controlled study

once daily for 26 weeks to
evaluate effect on HbAlc,
safety & tolerability
followed by 26-week
extension

regard to food ¢

MK-8835-005/B1521019: Tablet(s) administered 736 T2DM and without 5,15
Phase 3, randomized, once daily for 52 weeks regard to food ¢
double-blind, (including a 26-week
active-controlled, 5-arm, Phase A and 26-week
multicenter, parallel group | Phase B) to evaluate safety
study and efficacy when
combined with sitagliptin
MK-8835-003/B1521022: Tablet(s) administered 286 T2DM and without 5,15

@ Data from Phase A was included; Abbreviations: RI=Renal impairment, PK=Pharmacokinetics, T2DM=Type 2
diabetes mellitus, QD=0nce daily, BID=Twice daily, QT=Time interval from Q wave start to T wave end,
HbAlc=Glycated hemoglobin;

(Source: Applicant’s Population PK report, Table S1)

Table 4.3.1-2 provides summary statistics of the baseline demographic covariates in the analysis dataset.
Approximately 44% of subjects had normal renal function (¢GFR> 90 mL/min/1.73 m?), 41% had mild

renal impairment (60 <eGFR < 90 mL/min/1.73 m?), 14% had moderate renal impairment (30 < eGFR <
60 mL/min/1.73 m?), and 1% had severe renal impairment (eGFR < 30 mL/min/1.73 m?).
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Table 4.3.1-2 Summary of Baseline Demographic Covariates for Analysis

Covariate Statistic Total
Baseline Body Weight (kg) N 2276
Mean (SD) 86.9 (19.7)
Median (min, max) 84.8 (42.6, 197)
Age (year) N 2276
Mean (SD) 55.7(11.6)
Median (min, max) 57.0(18.0, 87.0)
Baseline eGFR (mL/min/1.73m°) N 2276
Mean (SD) 85.9(24.3)
Median (min, max) 86.6 (6.80, 196)
Sex
Male N (%) 1287 (56.5)
Female N (%) 989 (43.5)
Race
White N (%) 1634 (71.8)
Black/African American N (%) 199 (8.74)
Asian N (%) 315(13.8)
Other N (%) 128 (5.62)
Subject Status
Healthy N (%) 192 (8.44)
T2DM N (%) 2084 (91.6)
Food Status
Fasted N (%) 275(11.2)
Fed N (%) 473 (19.3)
Without Regard to Food N (%) 1697 (69.4)

(Source: Applicant’s Population PK report, Table 5)

A 2-compartment model with lag time, first-order absorption, and first-order elimination was used to fit
the observed data in terms of the following parameters: apparent clearance (CL/F), apparent inter-
compartmental clearance (Q/F), apparent central volume of distribution (\/c/F), apparent peripheral
volume of distribution (\Vp/F), first-order absorption rate constant (ka), and absorption lag time (ALAG1).
Interindividual variance was included on CL/F. The effect of baseline body weight was included on CL/F,
Vc/F, Vp/F, and Q/F as an allometric relationship, with the exponent fixed to 0.75 and 1.0 for apparent
clearances and volumes, respectively. The effect of food (fed and without regard to food) was included on
the ka and on relative bioavailability (F1). Separate residual variance parameters were also incorporated
for Phase 1 and Phase 2/3 data. Covariate model building used the full model estimation (FME)
procedure. The selection of covariates included in the final model was based upon clinical judgment,
physiologic relevance and mechanistic plausibility. Additionally, collinearity of covariates was assessed
to ensure that no collinear covariates were added to the model. Covariates including estimated glomerular
filtration rate (eGFR), gender, race and patient status on CL/F, and age, gender and race on Vc/F were
added to the final model. A negative correlation between age and eGFR was observed (ie, as age
increases, eGFR decreases), and therefore age was not included as a covariate on CL/F. By using the
FME procedure, all covariate effects were estimated simultaneously to establish the final model.
Bootstrapping was used to generate 95% confidence intervals (Cls) for the final population PK model
parameters.

The reference subject for the population PK analysis was defined as a 65 year-old, healthy, white male in
the fasted state with a baseline body weight of 85 kg and an eGFR of 90 mL/min/1.73 m2. The reference
subject chosen for this analysis is slightly different from the typical patient in the Phase 3 program (e.g.,
type 2 diabetic, median age 59 years, median eGFR 83 mL/min, median body weight 86 kg)[Ref. 5.3.5.3:
04J759]. Continuous covariate reference values were set to 85 kg for baseline body weight (based upon
the population median of 84.8 kg in the dataset), an age of 65 years (which was the minimum age
considered as elderly), and an eGFR of 90 mL/min/1.73 m? (based upon the minimum value considered as
normal renal function).

104

Reference ID: 4141151



Covariate effects on CL/F are illustrated in Figure 4.3.1-1. The 95% CI of the ratio was generated from
1035 non-parametric bootstrapped sets of population parameter values using the final population PK
model. Parameter estimates for the final model are presented in Table 4.3.1-3, and diagnostic plots for the
overall final model fit are provided in. Figure 4.3.1-2.

Table 4.3.1.3 Parameter Estimates for the Final Model

Parameter (unit) Estimate RSE(%) Median (95% CI)
CL/F (L/hr) (68y) 12.0 2.18 12.0(11.5, 12.5)
Effect of body weight 0.750 FIX — —

Effect of eGFR (6;3) 0.455 7.47 0.453 (0.382, 0.523)
Effect of PTSTr2py (614) 0.904 2.96 0.906 (0.850, 0.958)
Effect of seX femate (015) 0.962 1.87 0.963 (0.927, 0.998)
Effect of racepacr (616) 0.985 2.69 0.985 (0.935, 1.04)
Effect of racegsign (617) 1.08 2.68 1.08 (1.02, 1.14)
Effect of raceper (615) 0.992 3.40 0.992 (0.928, 1.06)
Ve/F (L) (82) 6.54 13.2 6.60 (5.17, 8.48)
Effect of body weight 1.00 FIX — —

Effect of age (819) -0.243 -95.5 -0.229 (-0.678, 0.223)
Effect of seX femate (620) 1.36 13.6 1.36 (1.05, 1.79)
Effect of racepacr (621) 0.917 17.7 0.931 (0.649, 1.30)
Effect of race 50, (622) 2.12 21.7 2.13 (1.40, 3.18)
Effect of race ,per (623) 1.15 17.0 1.15 (0.803, 1.60)
Vp/E (L) (83) 107 2.65 107 (102, 113)
Effect of body weight 1.00 FIX — _

Q/F (L/hr) (64) 7.77 5.73 7.84 (7.00, 8.67)
Effect of body weight 0.750 FIX — _

ka (85) (hr™1) 0.329 4.80 0.331 (0.303, 0.364)
Effect of food (8y) 0.726 4.59 0.726 (0.670, 0.783)
Effect of without regard to food (819) 0.663 5.29 0.663 (0.596, 0.744)
ALAGI (hr) (6g) 0.228 1.94 0.228 (0.218, 0.235)
Fl 1.00 FIX — —

Effect of food (6;1) 0.0683 34.7 0.0685 (0.0217, 0.110)
Effect of without regard to food (812) 0.0809 40.2 0.0809 (0.0136, 0.151)
®>-CL/F 0.102 9.53 0.101 (0.0831, 0.120)
Phase 1 residual error (87) 0.387 2.95 0.385 (0.366, 0.405)
Phase 2/3 residual error (63) 0.836 1.84 0.836 (0.808, 0.864)

Point estimates and relative standard errors (RSE) of the estimates were estimated using NONMEM; Median
and 95% confidence intervals of the estimates were obtained from nonparametric bootstrap estimates (N=1035,
8 runs with minimization terminated and 22 runs with estimates near a boundary were skipped when calculating
the bootstrap results); Abbreviations: PTST=Patient type, Cl=Confidence interval; Source: ePharmacology Step

ID Number: 638370 (final model) and 638381 (bootstrap)
(Source: Applicant’s Population PK report, Table 8)
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eGFR (60 mL/min/1.73 m*2) =
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Race (Black) P
Race (Asian) —a—q
Race (Other) |—I|—|
0‘.6 : . 1‘.2

0.8 1.0
Reference of eGFR=90, Healthy. Male, White

Figure 4.3.1-1 Covariate Effects on Apparent Clearance (95% CI)
(Source: Applicant’s Population PK report, Figure 3)
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Figure 4.3.1-2 Final Model Diagnostic Plots
(Source: Applicant’s Population PK report, Figure 2)

Applicant’s Conclusion:

Ertugliflozin pharmacokinetics were adequately characterized by a 2-compartment model with
lag time, first-order absorption, and first-order elimination.

Apparent clearance was estimated to be 12.0 L/hr for the reference subject: a 65 year-old, healthy,
white male with a baseline body weight of 85 kg, an eGFR of 90 mL/min/1.73 m2, and taking
ertugliflozin in the fasted state.

Covariates that were determined to be predictive of ertugliflozin CL/F included baseline body
weight, baseline eGFR, T2DM status, female sex, and Asian race. Apparent clearance increased
with increasing body weight and eGFR. Furthermore, apparent clearance was slightly lower in
T2DM patients (vs healthy subjects) and females, and slightly higher in Asian subjects. These
covariate effects are not anticipated to be clinically relevant.

The shrinkage for CL/F was 28.7% and therefore the post-hoc individual estimates of CL/F
should be used with caution.

Covariates that were determined to be predictive of ertugliflozin VV¢/F included baseline body
weight, female sex, and Asian race. Apparent central volume of distribution increased with
increasing body weight, and was higher in females and Asian subjects. These covariate effects are
not anticipated to be clinically relevant.

Administration of ertugliflozin with food decreased the rate of absorption and relative
bioavailabilty of ertugliflozin. When ertugliflozin is administered without regard to food,
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estimates of the rate of absorption and relative bioavailability were similar to those for
administration with food. These covariate effects are not anticipated to be clinically relevant.

Reviewer’s Comments:

The applicant’s final PopPK model was able to describe the ertugliflozin plasma concentration versus
time data in healthy subjects and T2DM patients reasonably well. The covariate effects identified on
CL/F and V/F are not considered to be clinically significant and therefore no dose adjustment is
warranted based on these factors. The shrinkage of CL/F (28.7%) exceeded the pre-specified value 25%
in analysis plan, the applicant subsequently selected a longitudinal dose-response analysis as the primary
analysis to characterize the exposure/dose-response relationship.
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4.3.2 Applicant’s Dose-Response Analysis

The applicant conducted population dose-response analyses in T2DM subjects to:
o Describe the appropriate structural exposure-response or dose-response model and quantify the
population response and variability in glycated hemoglobin (HbALc) lowering of ertugliflozin.
o Describe the effects of intrinsic (e.g. demographic, baseline HbAlc, renal function), diabetes
duration and/or extrinsic (e.g. background treatment, lead-in time) factors on ertugliflozin HbAlc
exposure-response.

Data from one phase 2 and four phase 3 studies were included in the exposure (and dose) versus HbAlc
response analysis. Details of the study designs are provided in Table 4.3.2-1. As per the analysis plan,
data from the ertugliflozin co-administered with sitagliptin treatments in Study P005/1019 and the
sitagliptin treatment in Studies P016/1006 and P005/1019 were excluded from the efficacy analysis. All
observed cases were included in the dataset. For subjects that received glycemic rescue prior to Week 26
in any study, the observations post rescue initiation were excluded from the dose-response analysis.
Additionally, subjects identified as metformin users during the conduct of Study P001/1016 were also
excluded from this analysis. The final model-ready dataset included 10109 records from 2185 subjects.
The baseline demographics of the population included in the analysis are summarized in Table 4.3.2-2.

Table 4.3.2-1 Study Design Summary

double-blind,
double-dummy, placebo-
& active-controlled,
6-arm, 2-period, parallel
group study.

of glycemic control:
Week 0, 2, 4, 8 and 12.

of metformin for
glycemic control

Protocol # & Study Dosage Regimen & Total # of Study Ertuglifiozin Dose(s)
Design Study Description: Population (mg, QD)

A1C Observation Administered

Times Ertuglifiozin
MK-8835- Tablet(s) administered 217 T2DM with 1,5, 10,25
016/B1521006: Phase 2, | daily for 12-weeks to inadequate glycemic
randomized, evaluate dose-response control on stable doses
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placebo-controlled
study.

26-week extension:
Week 0. 6, 12, 18 and
26.

MK-8835- Tablet(s) administered 250 T2DM with 5,15
001/B1521016: Phase 3, | once daily for 26 weeks | inadequate glycemic
randomized, (Phase A) to evaluate control on background
double-blind, safety and efficacy anti-hyperglycemic
multicenter, followed by 26-week therapy (variable
placebo-controlled, extension: Week 0, 6, anti-hyperglycemic
parallel group study. 12, 18 and 26. agents) & Stage 3
chronic kidney disease

MK-8835- Tablet(s) administered 400 T2DM with 5,15
007/B1521017: Phase 3, | once daily for 26 weeks | inadequate glycemic
randomized, (Phase A) to evaluate control on metformin
double-blind, effect on AIC, safety & | monotherapy & 41% of
multicenter, tolerability followed by total study population
placebo-controlled 78-week extension: are post-menopausal
study. Week 0. 6,12, 18 and women

26.
MK-8835- Tablet(s) administered 484 T2DM with 5,15
005/B1521019: Phase 3, | once daily for 26 weeks | inadequate glycemic
randomized, (Phase A) to evaluate control on metformin
double-blind, safety and efficacy when | monotherapy
active-controlled, 5-arm, | combined with
multicenter, parallel sitagliptin, followed by
group study. 26-week extension:
Only the 5 mg and 15 Week 0, 6, 12, 18 and
mg ertugliflozin arms 26.
will be included.
MK-8835- Tablet(s) administered 292 T2DM with 5,15
003/B1521022: Phase 3, | once daily for 26 weeks | inadequate glycemic
randomized, (Phase A) to evaluate control despite diet &
double-blind, effect on A1C, safety & | exercise background
multicenter, tolerability followed by

(Source: Applicant’s Dose-response analysis report, Table S1)

Table 4.3.2-2. Summary of Baseline Demographics for the Ertugliflozin Dose vs HbA1c
Response Dataset

Demographic N Mean Median Range
Baseline A1C (%) 2185 8.23 8.00 54010125
Baseline eGFR (mL/min/1.73 m°) 2185 82.4 83.0 22.0t0 196
e¢GFR>90 (normal renal function) 824 107 103 90.0 to 196
eGFR=60 and <90 (mild RI) 943 76.8 78.0 60.0 to 89.7
eGFR>30 and <60 (moderate RI) 409 47.1 48.8 30.0t0 59.0
eGFR>45 and <60 (stage 3A CKD) 272 51.6 51.0 45.0 10 39.0
Baseline Body Weight (kg) 2185 88.0 85.6 42.6 10 208
Age (year) 2185 57.9 59.0 21.0t0 87.0
T2DM Disease Duration (year) 2185 8.09 6.40 0.00 to 46.4

(Source: Applicant’s Summary of Clinical Pharmacology, Table 14)
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The analysis of HbAlc versus time data explored ertugliflozin efficacy as a function of average steady-
state concentration (Cav) (exposure-response) and dose (dose-response). The decision to implement
HbAlc modeling as a function of dose was based on an assessment of Empirical Bayes prediction of the
inter-individual random effect (h) shrinkage on apparent clearance (CL/F) from the population PK
analysis. Since shrinkage of CL/F exceeded the pre-specified 25% as stated in analysis plan (28.7%), the
decision was made to implement a longitudinal dose-response analysis. A longitudinal exposure-response
model was also fitted to the observed HbALc data, but did not provide any additional predictive
performance benefit over the dose-response model.

The final dose-response model included two first order rate constant parameters describing the temporal
profiles of HbAlc for placebo and ertugliflozin data respectively, a point estimate for placebo response,
maximum effect (Emax) and dose at half maximum effect (ED50) characterizing ertugliflozin response,
and an estimated baseline HbAlc. Two inter-individual variance parameters were included in the final
model, one each associated with the baseline HbAlc (multiplicative exponential) and placebo (additive)
parameters, and an additive residual variance parameter. Covariate inclusion in the final model was
implemented through the full model estimation (FME) approach, relying on clinical judgment,
physiologic relevance and mechanistic plausibility to determine which covariates should be included with
the various efficacy parameters. The final model included baseline HbAlc, baseline eGFR, duration of
diabetes and anti-hyperglycemic background treatment on Emax, and age and baseline body weight on
EDS50. Finally, bootstrap analysis was used to predict ertugliflozin 5 and 15 mg HbA1c responses for a
representative patient defined by values of demographics for subjects included in the pooled analysis of
the Ertugliflozin Summary of Clinical Efficacy and a Stage 3a chronic kidney disease (CKD) patient.

The final forms of placebo, Emax and EDso in the final model were as follows:

E0\ 2
PBO =6, - (?)

E0O\% [eGFR\® , -
Epax = 64 (?) : (( % ) -(1+{PDUR—8}-611) - (612)""" - (613) "

o ]
AGEN® (w0
EDS0 = 65 - (F) ( <5 )

In these equations, 0, represents placebo, 614 the scalar describing the effect of baseline HbAlc on PBO,
04 represents Emax, 0s the scalar describing the effect of baseline HbALc on Emax, 05 the scalar describing
the effect of eGFR on Emax, 011 the scalar describing the effect of diabetes duration on Emax, 612 the scalar
describing the effect of other background antidiabetic treatment on Enax (not metformin or diet and
exercise alone), 013 the scalar describing the effect of a background of diet and exercise alone on Emax, 05
represents EDso, 0y the scalar describing the effect of baseline age on EDsg, and 610 the scalar describing
the effect of baseline weight on EDso.

Basic goodness of fit diagnostics plots for the longitudinal dose-response final model are depicted in
Figure 4.3.2.1.
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Figure 4.3.2-1 Final Model Diagnostic Plots

Final model parameter estimates and bootstrap 95% confidence intervals are presented in Table 4.3.2-3.
Based on the 95% confidence interval results, the estimated effect of baseline weight on EDso and a
background of diet and exercise alone were not significant. All other covariates were significant.
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Table 4.3.2-3 Final model parameter estimates and bootstrap 95% confidence intervals

Parameter Estimate (%RSE) Lower 95% Bound Upper 95% Bound
kday.ppo (day™") 0.0113 (11.9) 0.00879 0.0146
Kday Ere (day™) 0.0353 (12.4) 0.0269 0.0433

PBO (%) -0.135 (42.1) -0.223 -0.00412

EO (%) 8.19 (0.260) 8.14 8.23

Emax (%) -0.745 (8.81) -0.899 0.624

EDs (mg) 1.30 (45.0) 0.0699 2.64

EO ~ Epax 1.47 (28.9) 0.772 2.45

EO0 ~ PBO 3.41 (8.84) 2.82 3.03

eGFR ~ Epar 0.368 (38.6) 0.104 0.658
Age ~ EDsp 3.25 (40.9) 0.648 16.7
WT ~ EDsy 0.417 (444) -11.0 6.37

PDUR ~ Epgay -0.0265 (21.2) -0.0373 -0.0161
Other ~ Epgay 0.729 (16.9) 0.511 0.999
Diet ~ Epax 0.882 (7.37) 0.750 1.01
Oppo 0.545 (11.5) 0.434 0.705

%, 0.013 (3.34) 0.012 0.014

c? 0.115 (4.03) 0.106 0.124

(Source: Applicant’s Dose-response analysis report, Table 6)

Table 4.3.2-4 presents ertugliflozin placebo-adjusted CFB HbAlc responses for a representative T2DM
patient at week 26, identified from the pooled efficacy analysis. Differences between the dose-response
model-estimated and the pooled analysis mean responses are likely related to the differences in the
studies that were included in dataset for these respective analyses, as well as the uncertainty in the
estimate of EDsp and associated covariates in the dose-response analysis. Additionally, the dose-response
model is a longitudinal model characterizing the time-course of the HbA1c response, while the pooled
analysis focused only on the Week 26 response.

The impact of reduced ertugliflozin exposure with rifampin co-administration was evaluated using the
dose-response model. The decrease in exposure with rifampin co-administration was included within the
model as a decrease in dose (with associated uncertainty). Using representative patient demographics, the
model-predicted mean (95% CI) placebo-adjusted CFB HbAlc responses for 5 mg and 15 mg doses of
ertugliflozin co-administered with rifampin were 0.625% ( 0.783%, -0.482%) and -0.713% ( 0.841%,
0.604%), respectively.
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Table 4.3.2-4. Predicted Mean Ertugliflozin Change from Baseline and Placebo-Adjusted
Change from Baseline HbA1c Response [95% Confidence Intervals] for the
Representative Patient atWeek 26

Response Mean CFB [95% CI] Mean Placebo-Adjusted CFB [95% CI]
Placebo Response (%) -0.113 [-0.201, -0.00398]

5 mg Response (%) -0.788 [-0.855, -0.723] -0.674 [-0.805, -0.565]
15 mg Response (%) -0.849 [-0.905, -0.794] -0.735 [-0.869, -0.626]

5/15 mg Difference (%) -0.0611 [-0.134, -0.000960] -0.0611 [-0.134, -0.000960]
5 mg Response, Effect of Rifampin -0.739 [-0.840, -0.633] -0.625 [-0.783, -0.482]

(%)
15 mg Response, Effect of -0.826 [-0.875, -0.772] -0.713 [-0.841, -0.604]
Rifampin (%)

(Source: Applicant’s Dose-response analysis report, Table 7)

Table 4.3.2-5 presents model predicted ertugliflozin mean placebo-adjusted CFB HbAlc responses for
individuals with varying degrees of renal function. These predictions were generated using values of
eGFR set to the mid-point of the range in each specific renal function group. Additionally, renal function
group-specific values for the other influential covariates on Emax Were used in these predictions, including
baseline HbAlc and diabetes duration, since all three of these covariates have a significant impact on
HbA1c response. Covariates associated with EDso, age and weight, were set to 65 years and 85 kg,
respectively, due to the uncertainty in these covariate estimates.

Table 4.3.2-5 Predicted Effect of Renal Function on Mean Ertugliflozin Placebo-Adjusted
Change from Baseline HbA1c Response at Week 26

Group Estimate | Lower 95% Bound | Upper 95% Bound

5 mg Normal Renal Function: eGFR of 105 -0.725 -0.902 -0.559
mL/min/1.73 m?, baseline A1C 8.34%, diabetes
duration 6.51 years (%)

15 mg Normal Renal Function: eGFR of 105 -0.820 -0.982 -0.693

mL/min/1.73 m?, baseline A1C 8.34%, diabetes
duration 6.51 years (%)

5 mg Mild Renal Impairment: eGFR of 75 -0.614 -0.767 -0.482
mL/min/1.73 m?, baseline A1C 8.19%, diabetes
duration 7.03 years (%)

15 mg Mild Renal Impairment: eGFR of 75 -0.695 -0.839 -0.577
mL/min/1.73 m?, baseline A1C 8.19%, diabetes
duration 7.03 years (%)
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5 mg Moderate Renal Impairment: eGFR of 45
mL/min/1.73 m?, baseline A1C 8.12%, diabetes
duration 13.6 years (%)

-0.420

-0.300

15 mg Moderate Renal Impairment: eGFR of 45
mL/min/1.73 m?2, baseline A1C 8.12%, diabetes
duration 13.6 years (%)

-0.476

-0.652

-0.343

5 mg Stage 3a CKD: eGFR of 52.5 mL/min/1.73 m?,
baseline A1C 8.10%. diabetes duration 12.4 years
(%)

-0.458

-0.603

-0.339

15 mg Stage 3a CKD: eGFR of 52.5 mL/min/1.73
m?2, baseline A1C 8.10%. diabetes duration 12.4
years (%)

-0.518

-0.681

-0.393

(Source: Applicant’s Dose-response analysis report, Table 8)

Applicant’s conclusion for the ertugliflozin dose-response analysis for HoAlc response:

o The HbAlc efficacy data were adequately described by a longitudinal Emax dose-response model.

The covariates baseline HbAlc, baseline eGFR and diabetes duration had an influential impact on
Emax, and baseline age had a influential impact on EDso. Other background treatment on Emax Was
significant, but was confounded by study (MK-8835-001/B1521016). Emax increased with
increasing baseline HbAlc and eGFR, and decreased with increasing disease duration. While age
was significant predictor of EDsy, it was not well estimated and variable. Diet and exercise alone
as a background treatment on Emax and baseline weight on EDso were not significant.

The mean placebo-adjusted CFB HbA1c responses for the ertugliflozin 5 mg and 15 mg doses
were >80% and >90% of Emax, respectively.

A representative T2DM patient mean placebo-adjusted CFB HbA1c responses for the
ertugliflozin 5 mg and 15 mg doses at week 26 were -0.674% and -0.735%, respectively.

A representative T2DM patient mean placebo-adjusted CFB HbA1c responses for the
ertugliflozin 5 mg and 15 mg doses with concomitant use of rifampin at week 26 were -0.625%
and -0.713%, respectively.

The final model adequately described the effect of renal function over the range of eGFR
observed in the five studies contributing data to the analysis. The ertugliflozin 5 mg and 15 mg
predicted mean placebo-adjusted CFB HbAlc responses in Stage 3a CKD were -0.458% and -
0.518%, respectively.

115

Reference ID: 4141151



4.4 Applicant’s Physiological-based Pharmacokinetic (PBPK) Modeling
Assessment

The applicant conducted a PBPK modeling based analysis to assess the risk of a uridine
diphosphateglucuronosyltransferase (UGT)-mediated drug-drug interaction (DDI) for ertugliflozin in
humans with mefenamic acid as the UGT inhibitor, using Simcyp® PBPK software (v 15, release 1).

4.4.1 Background

The Sponsor assessed the DDI potential for ertugliflozin and its 2 primary circulating glucuronide
metabolites, M5c and M5a, on selected CYP and UGT enzymes and drug transporters. M5c and Mb5a are
pharmacologically inactive at clinically relevant concentrations, however, they are present at ~50% and
~25% of circulating ertugliflozin concentrations after oral administration of [**“]Jertugliflozin. Hence, the
potential for M5¢ and M5a mediated DDI was evaluated in vitro. Assessment of CYP, UGT, P-gp, and
BCRP DDl risk in the gastrointestinal (Gl) tract was not conducted, since M5c and M5a are metabolites
and not administered orally.

The major elimination pathway of ertugliflozin is glucuronidation (86%), with minor contributions from
oxidative metabolism (12%) and renal excretion (2%). At clinically relevant concentrations, ertugliflozin
was a substrate for the P-gp and BCRP efflux transporters, but not the OATP1B1, OATP1B3, OATP2B1,
OCT1, OAT1, OAT3, and OCT2 uptake transporters.

The minor contribution of oxidative metabolism indicates that inhibitors or inducers of CYP isozymes are
not expected to impact ertugliflozin exposure significantly. Since oral BA of ertugliflozin is ~100%, and
dose-proportional increases in exposure are observed over the dose range of 0.5 mg to 300 mg, no
clinically relevant interaction is expected with inhibitors of P-gp and BCRP transporters though
ertugliflozin is a substrate for P-gp and BCRP.

Overall, the potential for ertugliflozin to be a victim of clinically meaningful drug interactions is low.
Only inhibition/induction of UGT would be considered to have a potential effect on the exposure of
ertugliflozin.

Citing little evidence in the literature for clinically relevant interactions with inhibitors of UGT enzymes,
the Sponsor did not conduct a clinical drug interaction study with a UGT inhibitor. Instead, the risk of a
UGT-mediated DDI for ertugliflozin in humans was assessed using Simcyp PBPK modeling with
mefenamic acid as the UGT inhibitor.

Mefenamic acid is a known UGT inhibitor. In a clinical drug interaction study, co-administration of
mefenamic acid with dapagliflozin, a UGT substrate, resulted in a dapagliflozin AUCr of 1.51 and Caxr
of 1.13. Dapagliflozin, an SGLT2 inhibitor, is in the same chemical class as ertugliflozin with
comparable physicochemical and ADME properties. Dapagliflozin is also mainly metabolized by
UGT1A9/UGT2BY to a similar extent as ertugliflozin. Using published clinical data for ertugliflozin,
dapagliflozin and mefenamic acid, and utilizing the clinical DDI results for dapagliflozin and mefenamic
acid , the Sponsor attempted to develop and verify PBPK models for all 3 compounds. Mefenamic acid
and ertugliflozin PBPK models were then used to simulate the PK profile of ertugliflozin when
coadministered with mefenamic acid.
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4.4.2 Methods

The models and simulation results described here were performed using the population-based simulator
Simeyp (version 15.1).

Table 4.4.2-1 summarizes ertugliflozin parameters used in the PBPK model. Simulations were performed
in a virtual population library of healthy volunteers supplied by Simcyp (Sim-Healthy Volunteers).
Table 4.4.2-2 lists the trial designs used in PBPK simulations in the submitted report.

Table 4.4.2-1: Simcyp Input Parameters for Ertugliflozin

Parameter Value Method Reference
Compound PF-04971729 - -
Molecular Weight 436 - 17
LogP 25 - 17
pKa Neutral - -
B/P ratio 0.66 Experimental 17
foeut 0.064 Assumed -
o plasms 0.064 Experimental 17
F. 1 Clinical Data 4
K, (™ 12 Simcyp® estimate using sensitivity

analysis and parameter estimate
Ty () 0.5 Simeyp® estimate using sensitivity -

analysis and parameter estimate
Caco-2 (10'ls cm/s) 41 Experimental 5
Qg (L/h) 5.62 Predicted i Simcyp® -
V.. (L'kg) 1.23 Clinical Data 4
Ve (Lkg) 1.12 Simeyp® parameter estimate -
k. (hh 334 Simcyp® parameter estimate
ko (0 0.56 Simecyp® parameter estimate
CL;. (L/h) 112 Clinical data 4
CL,(L/h) 0.1 Clinical data 7
CL,, (CYP) 3A4=0.041 CL,, retrospectively predicted based 9
(ULemin " spmol™) 3A5=0.006 on CL;, (11.2 L/h) and CL, (0.1 L/h);

2C8=0.011 CYP £,=0.12, CYP3A4 (86%)

CYP3AS (10%) CYP2CS (4%)
CL., (UGT) 35 (UGT1A9); Predicted based on contribution of 8
(uLemin"*mg™) 8 (UGT2B7)  UGTIAO (81%) and UGT2B7 (19%)

B/P ratio = Blood to plasma ratio; CLint = Intrinsic clearance; CLiv = Intravenous clearance; CLr = Renal clearance; CYP =
Cytochrome P450 enzyme; Fa = Fraction of dose absorbed from the gut; fu,gut = Fraction unbound in the gut; fu,plasma =
Fraction unbound in plasma; Ka = Absorption rate constant; kin = First order rate constant in; kout = first order rate constant out;
LogP = Partition coefficient; Peff = Permeability coefficient; pKa =Acid dissociation constant; PK = Pharmacokinetics; Qgut =
Hybrid term including both villous blood flow and permeability through the enterocyte membrane; Simcyp® = Computer
simulation program developed to predict metabolic DDIs; Tlag = Lag time; UGT = Uridine diphosphate-glucuronosyltransferase;
Vsac = Volume of single adjusting compartment; Vss = Volume of distribution at steady state; - = Data not available or not
applicable.
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 2, page 17)
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Table 4.4.2-2: Trial Designs for Simcyp® Simulations of Pharmacokinetic and Drug-Drug

Interaction Studies

Simulation  Subjects (n) Age/ Object Drug Dose, Treatment Precipitant Drug Dose/Regimen Treatment Analysis Reference
# Trial % female Regimen Day Day
(n) = Total
1 8x10 25-54/0 ertugliflozin 0.1mg IV 1 pred vs method
obs dev
2 8x 10 25-54/0 ertugliflozin 15 mg, SD 1 pred vs method
obs dev
3 3x10 20-49/0 ertughflozin 0.5 mg. SD 1 pred vs
obs
4 8x10 20-49/0 ertugliflozin 25mg SD 1 pred vs
obs
5 8x 10 20-49/0 ertugliflozin 10 mg, SD 1 pred vs
obs
6 8x10 20-49/0 ertugliflozin 30 mg. SD 1 pred vs
obs
7 8x10 20-49/0 ertugliflozin 100 mg. SD 1 pred vs
obs
8 Tx10 20-49/0 ertugliflozin 300 mg, SD 1 pred vs
obs
9 22x 10 22-53/45 ertugliflozin 5 mg, MD 1-6 pred vs
obs
10 28x 10 20-45/25 ertugliflozin 15 mg. MD 1-6 pred vs
obs
11 Tx10 18-45/0 dapagliflozin 10 mg. SD 1 pred vs method
obs dev
12 6x 10 28-37/0 dapagliflozin 10 mg, MD 1-14 pred vs
obs
13 6x10 28-37/0 dapaghiflozin 50 mg. MD 1-14 pred vs
obs
14 10x10 defanlt mefenamic actdd 500 mg. SD 1 pred vs
obs
15 16x 10 18-35/44 dapagliflozin 10 mg. SD 2 mefenamic acid 500 mg loading 1-4 pred vs
dose, then obs
250 mg Q6h for
4 days
16 10x 10 18-55/50 ertughflozin 15 mg. SD 2 mefenanuc acid 500 mg loading 14 pred
dose, then
250 mg Q6h for
4 days
17 10x 10 18-55/50 ertugliflozin 15 mg, SD 2 mefenamic acid, SA, 500 mg loading 14 pred
K; values dose, then
250 mg Q6h for
4 days
18 10x 10 18-55/50  ertugliflozin, SA, 15 mg, SD 2 mefenamic acid 500 mg loading 1-4 pred
£, UGT=0.293 dose, then
250 mg Q6h for
4 days

dev = Development; f, = Fraction metabolized; K; = Reversible inhibition constant; MD = Multiple dose; obs = Observed; pred = Predicted; Q6h = Once every 6 hours;

SA = Sensitivity analysis: SD = Single dose; UGT = Uridine diphosphate-glucuronosyltransferase; vs = Versus; — = Data not available or not applicable.

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 1, pp 15-16)

4.4.3 PBPK Model Development
Ertugliflozin PBPK model was developed based on its physicochemical properties, in vitro measurements
and clinical PK observations. Human serum concentration-time data, urine data, and fraction absorbed (fs)
data were obtained from mass balance study (P038/1033), an absolute bioavailability study (P020/1043)

and a phase | single dose escalation study (P036/1001).

The metabolism and disposition of ertugliflozin is described in Figure 4.4.3-1.
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F = 100%, Fa = 1 -
Oral IV ADA Study | First 5| Systemic Drug
Dose | Pass CLIVp=11.2 L/ hr

CYP fm=0.12 (86% 3A4, 10% 3A5 4% 2

UGT fm = 0.86 (81% UGT1A9, 19% UGT Clr=01Uhr
Renal Unchanged fe = 0.02

v

m Metabolites g N Metabolites

H“Cc PO 40% Gluc =0 Gluc = 46% 2%
Oxid =5% Oxid = 7%
| Feces” | Urine*®
Gluc = 4I6%* * = reported as % of dose, values were adjusted

to 100% wth the assumption that the balance of

Oxid = 12%* radioactvity was distributed proportionately

among icentified drug related substances as
observed in feces and urine.

ABA = Absolute bioavailability; B/P = Blood to plasma ratio; CL;, ,= IV plasma clearance; CL,= Renal
clearance; CYP = Cytochrome P450; F = Bioavailability; F, = Fraction absorbed; f, = Fraction excreted;
fn = Fraction metabolized; Gluc = Glucuronidation; IV = Intravenous; Oxid = Oxidation; PO = Oral;
UGT = Unidine diphosphate-glucuronosyltransferase.
Figure 4.4.3-1: Ertugliflozin Metabolism and Disposition
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 1, Page 23)

Quantitative estimation of enzymatic pathways involved in the metabolism (f.) and excretion (Fe) of
ertugliflozin are summarized in Figure 4.4.3-2.

Ertugliflozin
I
[ I I
Renal F, = 0.02 f, CYP =0.12 fn UGT = 0.86
I [ |
CYP3A4 CYP3A5 CYP2C8 UGT1A9 UGT2B7
86% 10% 4% 81% 19%

F=0.02 f,CYP3A4=0.10 f,CYP3A5=0.012 f,CYP2C8=0.005 f,UGT1A9=0.70 T UGT2B7=0.16

F, (fraction excreted), f, CYP (fraction metabolized by cytochrome P450), and £, UGT (fraction metabolized
by uridine diphosphate-glucuronosyltransferase) data from clinical ertugliflozin *C ADME study; % CYP and
% UGT data from in vitro reaction phenotyping

Figure 4.4.3-2: Ertugliflozin Fraction Metabolized and Fraction Excreted Values

Calculated from Clinical and In Vitro Reaction Phenotyping Data
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 3, Page 25)
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4.4.3.1 Ertugliflozin Human Clearance Mechanisms

The systemic plasma clearance of ertugliflozin was 11.2 L/hr and the volume of distribution was 85.5 L
following an IV dose. Following oral administration of ertugliflozin, estimates of absolute bioavailability
and fraction absorbed were approximately 100% and 1, respectively, suggesting complete absorption.
The renal clearance of ertugliflozin was 0.1 L/hr.

Following an oral dose, ertugliflozin is extensively metabolized by glucuronidation and to a lesser extent
by oxidation. The oxidative metabolites were estimated to be 12% of total clearance based on scaling of
all metabolic pathways with the remainder of metabolism due to glucuronidation. Therefore, overall

fn UGT =0.86, fn CYP =0.12, and urine Fe = 0.02.

From UGT reaction phenotyping studies, UGT1A9 (81%) is the major enzyme and UGT2B7 (19%) is the
minor enzyme responsible for metabolism of ertugliflozin. Similarly, in vitro CYP reaction phenotyping
studies showed that CYP3A4 (86%), CYP3A5 (10%), and CYP2C8 (4%) are the CYP450 enzymes
metabolizing ertugliflozin.

4.4.3.2 Distribution Model

The Applicant used the minimal PBPK model to simulate the PK profile of ertugliflozin after IV
administration. The Simcyp input file for ertugliflozin IV was constructed using systemic IV clearance
(CLiv = 11.2 L/hr) and renal clearance (CL, = 0.1 L/hr) from clinical studies. The IV PK profile showed
biphasic distribution therefore an additional compartment was modeled. A Vs value of 1.23 L/kg from the
IV pharmacokinetic study was used and parameter estimation in Simcyp estimated Vs, Kin, Kout Values to
fit the IV PK profile of ertugliflozin.

4.4.3.3 Absorption Model

Based on an absolute bioavailability of 100, the fraction absorbed (F.) value was set at 1 and the CV was
set to 0% to capture AUC. The human Pess was estimated from the in vitro Caco-2 results. The K, value
was estimated by comparison of the sensitivity analysis of Cmax in Simcyp across a K, range of 0.1to 2 to
the observed Crax Of the oral 15 mg dose. Based on individual K, values input into Simcyp, a value of
K.=1.2 captured the observed Cmax Of the clinical studies. Review of the PK profile, sensitivity analysis
and subsequent simulations determined that Tiag = 0.5 hr captured the Tmax following a 15 mg oral dose of
ertugliflozin.

4.4.3.4 Elimination Model

Using the enzymatic clearance parameters outline in Figure 4.4.3-3, and ertugliflozin input parameters
listed in Table 4.4.2-1, the elimination model for ertugliflozin was developed.
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(CLy,,p = CL. )/(B/P) = CLiyp metap (L/h1)
f,, CYP (1C ADME)

UGT Clyy, i
- SimCYP, Retrograde model estimates UGT Clyy,, {ul/min/mg)

UGT Cliy ccated,u (mi/min/kg)

| T Kidney

Liver UGT Cliyy calen,u (mi/min/ig)
fm UGT1A9 | frn LGT2B7 { In vitro phenatyping)

¥ L]
UGT1AB Ty, [Ml/mingkg} UGTZB7 €, g s, {MI/mINSKE)
UGTIAR Clgs,e  {W/min/mi} UGT2B7 Cliygye (al/min/mg}

ADME = Absorption, distribution, metabolism and excretion; B/P = Blood tfo plasma ratio; CL,, = Intrinsic
clearance; CLg,, = Unbound intrinsic clearance; CL;, , = Infravenous plasma clearance; CL;, j e, = Intravenous
metabolic blood clearance; CL;;, = Intravenous blood clearance; CLgy sciea, = Unbound intrinsic clearance
scaled; f., = Fraction metabolized; UGT = Undine diphosphate-glucuronosyltransferase.

Figure 4.4.3-3 Dapagliflozin and Ertugliflozin Elimination Model Development Strategy
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 4, Page 25)

4.4.3.5 Dapagliflozin PBPK Input Parameters and Model Development
Dapagliflozin ADME properties summarized in Figure 4.4.3-4, and input paramaters listed in
Table 4.4.3-1 were used to construct the model for Dapagliflozin.

F =78%
Oral IV ABA Study
Dose Pass

First Systemic Drug
CLIVp =12.4 L/ hr

CYP fm=0.10

UGT fm= 0.88 (90% UGT1A9, 10% UGT2BT) Clr=02L/hr
Renal Unchanged fe = 0.02

Metabolites N Metabolites

1“c PO 16%* 1.7% 72% 2%*
| Feces | Urine

T . '
_ of & =reported as % of dose, values were adjusted
3-O-gluc = 66% to 100% with the assumption that the balance of
2-O-gluc = 6%* radioactivity was distributed proportionately
Oxid = 10%* among identified drug related substances as
observed in feces and urine.

ABA = Absolute biocavailability; B/P = Blood to plasma ratio; CL;,,= IV plasma clearance; CL, = Renal
clearance; CYP = Cytochrome P450; F = Bioavailability; f, = Fraction excreted; f, = Fraction metabolized;
Gluc = Glucuronide; IV = Intravenous; Oxid = Oxidation; PO = Oral; UGT = Uridine diphosphate-
glucuronosyltransferase.
Figure 4.4.3-4 Dapagliflozin Metabolism and Disposition
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and

UGT Inhibitor Mefenamic Acid, Figure 2, Page 24)
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Table 4.4.3-1: Simcyp Input Parameters for Dapagliflozin

Parameter Value Method Reference
Compound Dapagliflozin - -
Molecular Weight 408 - 19
LogP 2.52 - 19
pKa Neutral - -
B/P ratio 0.88 Experimental 18
- 0.09 Assumed -
£ plasma 0.09 Experimental 18
F. 09 Clinical Data 10
K. (hh 1.2 Simcyp® estimate based on -

clinical data
Caco-2 (10 cm/s) 159 Experimental 18
Qg (L/h) 85 Predicted in Simcyp® -
V.. (Lkg) 1.19 Clinical Data 10
V.o L/kg) 0.9 Simcyp® parameter estimate -
Q (L/hr) 10 Simeyp® parameter estimate
CL,, (L/h) 12.4 Clinical data 10
CL,(L/) 0.2 Based on human *C ADME study 11
Additional HLM Cly, 4 Human *C ADME study 11,12
(uLemin"*mg™)
CL,,: (UGT) 30 (UGT1A9); Predicted based on contribution of -
(ULsmin"emg™) 3 (UGT2B7) UGT1A9 (90%) and

UGT2B7 (10%) to systemic CL
B/P ratio = Blood to plasma ratio; CLy, = Intrinsic clearance; CL;, = Intravenous clearance; CL, = Renal
clearance; F, = Fraction of dose absorbed from the gut; f, .. = Fraction unbound in the gut; f, ;j...., = Fraction
unbound in plasma; HLM = Human liver microsomes; K, = Absorption rate constant; LogP = Partition
coefficient; pKa = Acid dissociation constant; Q = Inter-compartment clearance ; Simeyp® = Computer
simulation program developed to predict metabolic DDIs ; V.. = Volume of single adjusting
compartment; V.. = Volume of distribution at steady state; UGT = Uridine diphosphate-
glucuronosyltransferase; - = Data not available or not applicable.

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 3, Page 18)

4.4.3.6 Mefenamic Acid Inhibition of UGT

In vivo fitted UGT1A9 and UGT2B7 K; values of 0.038 uM and 0.051 puM, respectively, were used in the
model following top down scaling.

4.4.4 Model Verification

The developed model for ertugliflozin was verified by comparing the biphasic distribution Kinetics of the
PBPK distribution model (with later incorporation of absorption and elimination parameters) against oral
single and multiple dose PK studies.

In addition, absorption and elimination model parameters were incorporated into the dapagliflozin PBPK
model, which was verified with oral single and multiple dose PK studies.

Single dose PK parameters of mefenamic acid were also predicted by the model.

4.4.5 Model Application

The model was utilized to predict the DDI potential od mefenamic acid with ertugliflozin.
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4.4.6 Results

4.4.6.1 Single and Multiple Dose PK of ertugliflozin

Model predicted and clinically observed PK parameters of ertugliflozin following single doses (0.5 mg to
300 mg, Study P036/1001) and multiple doses (5 and 15 mg, Study P035/1051) are listed in Table 4.4.6-1
and Table 4.4.6-2, respectively. The predicted plasma vs. time profiles of ertugliflozin after a single

10 mg dose and after multiple doses of 15 mg are depicted in Figure 4.4.6-1 and Figure 4.4.6-2,
respectively.

The predicted/observed ratios for Cnax were within 80 to 125% of observed values. Predicted/observed
ratios for AUC after single dose studies were within 77 to 84% of observed values across the dose range
of 0.5 to 300 mg. Predicted/observed ratios for AUC after multiple doses were within 80 to 125% for
multiple dose simulations. PBPK model predicted PK parameters and plasma profiles of ertugliflozin
were comparable to the observed clinical data.

Table 4.4.6-1: Simulated vs. Observed Geometric Mean (%CV) Pharmacokinetic Parameters
of Ertugliflozin After a Single Dose

Daose Predicted Predicted Observed Observed Cmax AUC
(mg) Cuax AUC,¢ Cax AUC,; Predicted/ Predicted/
(ng/ml) (ngehr/ml) (ng/ml) (ngehr/ml) Observed Observed
Ratio Ratio
0.1 (IV®) 8.46 (63) 9.19 (35) §.51(32) 8.48 (15) 0.98 1.08
15 (POY) 249 (69) 1140 (50) 256 (14) 1400 (13) 0.97 0.81
0.5 (PO) 8.38(64) 374 (44) 723(11) 457 (10) 1.16 0.82
2.5(PO) 41.9 (64) 187 (44) 42.8 (21) 231(22) 0.98 0.81
10 (PO) 168 (64) 749 (44) 182 (22) 909 (15) 0.92 0.82
30 (PO) 503 (64) 2250 (44) 545 (24) 2810 (18) 0.92 0.80
100 (PO) 1680 (64) 7490 (44) 1620 (16) 9610 (16) 1.04 0.78
300 (PO) 4890 (66) 22000 (38) 4330 (20) 26400(16) 1.13 0.83

AUC, = Area under the concentration-time curve from time 0 to infinity; Cp,, = Maximum concentration,
%CV = Geometric coefficient of variation; IV = Intravenous; PO = Oral.
a. Method development.
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 5, Page 20)

Table 4.4.6-2: Simulated vs. Observed Geometric Mean (%CV) Pharmacokinetic Parameters
of Ertugliflozin After Multiple Oral Doses

Daose Predicted Predicted Observed Observed Cmax AUC
(mg) [ — AUC,, Cax AUCy, Predicted/ Predicted/
(ng/ml) (ngehr/ml) (ng/ml) (ngehr/ml) Observed Observed
Ratio Ratio
5 993 (61) 410 (47) 813 (29) 398 (18) 1.22 1.03
15 279 (61) 1160 (47) 268 (20) 1190 (22) 1.04 0.97

AUC,,= Area under the concentration-time curve from time 0 to 24 hours; C,,.. = Maximum concentration;
%CV = Geometric coefficient of variation.

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 6, Page 20)
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Figure 4.4.6-1 Simcyp Predicted vs Observed Ertugliflozin Plasma Concentration vs Time
Profile Following a Single 10 mg Oral Dose

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 5, Page 26)
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Figure 4.4.6-2 Simcyp Predicted vs Observed Ertugliflozin Plasma Concentration vs Time

Profile Following Multiple 15 mg Oral Doses

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 7, Page 28)

Simcyp model estimated fr, and F. values based on the input parameters were compared with the observed
fm and Fe values. During model development, 10% of the UGT clearance (CLintscaled,u) Was attributed to
metabolism in the kidney and subtracted from the systemic UGT enzymatic clearance to calculate the
liver UGT clearance (CLintscated,u). Using liver input parameters the model predicted 14% of the UGT
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clearance was in the kidney, which was similar to the initial estimation. Additionally, the model estimated
fmn UGT1A9 =0.70 and f UGT2B7 = 0.17 were similar to the observed f, UGT1A9 = 0.70 and

fn UGT2B7 = 0.16 values. Simcyp estimated CYP values, fn CYP3A4 = 0.10, fn CYP3A5 = 0.02 and

fn CYP2C8 = 0.01, were similar to observed values, fn, CYP3A4 = 0.1, f, CYP3A5 =0.012 and

fm CYP2C8 = 0.005. These simulation results provided verification of the absorption, distribution and
mechanistic fn UGT and f, CYP assignments of the ertugliflozin PBPK model.

Ertugliflozin PBPK model can therefore be used to simulate the DDI following coadministration with
mefenamic acid.

4.4.6.2 Single and Multiple Dose PK of dapagliflozin

Model predicted and clinically observed PK parameters of dapagliflozin following a single dose

(10 mg)10 and multiple doses (10 mg and 50 mg)16 are shown in Table 4.4.6-3. Predicted plasma vs.
time profile of dapagliflozin after a 10 mg single dose is depicted in Figure 4.4.6-3. The
Predicted/Observed ratios for dapagliflozin Cmax and AUC were within 80 to 125% of observed values at
all simulated doses.

Table 4.4.6-3: Simulated vs. Observed Geometric Mean Pharmacokinetic Parameters of
Dapagliflozin After Single or Multiple Oral Doses

Dase Predicted Predicted Observed Observed Crax AUC
(mg) Conax AvUct Coasx AUcCt Predicted/ Predicted/
(ng/ml) (ngehr/ml) (ng/ml) (ngehr/ml) Observed Observed
Ratio Ratio
10 SD 124 580 143 628 0.87 092
10 MD 123 537 119 506 1.03 1.06
50 MD 614 2690 728 2540 0.84 1.06
AUC = Area under the concentration-time curve; C,.. = Maximum concentration; SD= Single dose; MD =
Multiple dose.

a=SD 1s AUC from time 0 to infinity, MD 1s AUC from time 0 to 24 hours post dose.
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 7, Page 20)
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Figure 4.4.6-3 Simcyp Predicted vs Observed Dapagliflozin Plasma Concentration vs Time

Profile Following a Single 10 mg Oral Dose
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 8, Page 28)

125

Reference ID: 4141151



Simcyp model predicted dapagliflozin f, and Fe values (fn UGT1A9 = 0.81, f,, UGT2B7 = 0.076,
fm CYP =0.094 and urine F. = 0.018) were similar to the observed values (fn UGT1A9 = 0.80,
fmn UGT2B7 = 0.09, fn CYP = 0.10, and urine Fe = 0.02) used in initial model development.

PK simulation and predicted clearance values therefore provide verification of the dapagliflozin
compound file.

4.4.6.3 Single Doses of Mefenamic Acid

Model predicted and observed PK parameters of mefenamic acid following a single oral dose of 500 mg

is summarized in Table 4.4.6-4 and depicted in Figure 4.4.6-4. The predicted/observed ratios for Cmax and
AUC were within 80 to 125% of observed values.

The simulation results provide verification of the observed mefenamic acid PK profile.

Table 4.4.6-4: Simulated vs. Observed Geometric Mean Pharmacokinetic Parameters of
Mefenamic Acid After a Single Oral Dose

Dase Predicted Predicted Observed Observed Cax AUC s
(mg) Cax AUC,; Cax AUC,s Predicted/ Predicted/
(ng/ml) (ngehr/ml) (ng/ml) (ngehr/ml) Observed Observed
Ratio Ratio
500 6370 30400 6900 34200 0.92 0.89

AUCy~ Area under the concentration-time curve from tume 0 to infinity; Cp. = Maximum concentration.

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 8, Page 21)
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Figure 4.4.6.4 Simcyp Predicted vs Observed Mefenamic Acid Plasma Concentration vs Time
Profile Following a Single 500 mg Oral Dose

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 9, Page 29)
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4.4.6.4 Verification of Mefenamic Acid Inhibition of UGT Following Coadministration with
Dapagliflozin in a Clinical Study

The AUCR = 1.51 and Craxr = 1.13 that was observed in a clinical DDI study, when UGT substrate
dapagliflozin was coadministered with UGT inhibitor mefenamic acid, was simulated in the PBPK model.
The model predicted AUCR was 1.52, and that for Crmaxr Was 1.18, which are similar to observed values
(Table 4.4.6-5 and Figure 4.4.6-5).

Table 4.4.6-5: Simulated vs Observed DDI Following Coadministration of Dapagliflozin with

Mefenamic Acid
AUCy Conr
Geo Mean (CI") Geo Mean (CIY)
Predicted 1.53 (1.50-1.55) 1.18 (1.17-1.19)
Observed 1.51 (1.44-1.58) 1.13 (1.03-1.24)
Predicted/Observed Ratio 1.0 1.0

AUCy, = ratio of AUC,; of substrate drug with coadministration of the interacting drug to AUC,; of
substrate drug alone; CI = Confidence interval; Cya.g = Ratio of Cpyy of substrate drug with coadministration
of the interacting drug to C,,, of the substrate alone; DDI = Drug-drug interaction; Geo = Geometric.
a. CI Predicted = 95%, CI Observed = 90%.
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 9, Page 21)
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Figure 4.4.6-5 Simcyp Predicted vs Observed Dapagliflozin Plasma Concentration vs Time

Profile With or Without Coadministration of Mefenamic Acid
(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 10, Page 29)

4.4.6.5 Simulation of Ertugliflozin PK Following Coadministration with Mefenamic Acid

The predicted DDI following coadministration of ertugliflozin and UGT inhibitor mefenamic acid was
simulated using the verified ertugliflozin and verified mefenamic acid PBPK models. Following
coadministration with UGT inhibitor mefenamic acid, the predicted ertugliflozin AUCr = 1.51 and
predicted Cmaxr = 1.19. The results are summarized in Table 4.4.6-6 and Figure 4.4.6-6.
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Table 4.4.6-6: Simulated DDI Following Coadministration of Ertugliflozin and Mefenamic

Acid
AUCy Cok
Geo Mean (95% CI) Geo Mean (95% CI)
Predicted 151 (1.48-1.54) 1.19(1.17-1.20)

AUCy = Ratio of AUC, 7, of substrate drug with coadministration of the mteracting drug to AUCq 5, of
substrate drug alone; CI = Confidence interval; Cpa.r = Ratio of Cu.. of substrate drug with coadministration
of the interacting drug to C,, of the substrate alone; DDI = Drug-drug interaction; Geo = Geometric.

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Table 10, Page 21)
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Figure 4.4.6-6 Simcyp Predicted Ertugliflozin Plasma Concentration vs Time Profile With or
Without Coadministration of Mefenamic Acid

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Figure 11, Page 30)

4.4.6.5.1 Sensitivity Analysis

The Sponsor conducted a sensitivity analysis of mefenamic acid UGT1A9 and UGT2B?7 inhibition to

evaluate the impact of (a) Ki values and (b) UGT fr, values on the DDI following coadministration of
ertugliflozin and mefenamic acid,

Assuming a worst-case scenario of a 50% reduction in the mefenamic acid UGT1A9 (Ki=0.019 uM) and
UGT2B7 (Ki=0.026 uM), the Simcyp model-predicted DDI following administration of ertugliflozin and
mefenamic acid resulted in an AUCg = 1.88 and Craxr = 1.27 (Table 4.4.6-7). Simcyp model-predicted

DDl following coadministration of ertugliflozin (fn UGT = 0.93) and mefenamic acid estimated the
AUCk = 1.55 and the Crnaxr = 1.20 (Table 4.4.6-7).
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Table 4.4.6-7: Sensitivity Analysis for Ertugliflozin and Mefenamic Acid DDI Prediction

Simulated DDI Following Coadministration of Ertugliflozin and Mefenamic Acid (Ki UGT1A9 = 0.019 pM,
UGT2B7 = 0.026 nM)

AUCR CnasR
Geo Mean (95% CI) Geo Mean (95% CI)
Predicted 1.88(1.82-1.93) 1.27 (1.25-1.29)

AUCy = Ratio of AUC,_5, of substrate drug with coadministration of the interacting drug to AUC 5, of
substrate drug alone; CI = Confidence interval; C,,..z = Ratio of C,,., of substrate drug with coadministration
of the interacting drug to C,,., of the substrate alone; DDI = Drug-drug interaction; Geo = Geometric;

K, = Inhibition constant.

Simulated DDI Following Coadministration of Ertugliflozin (fm UGT = 0.93) and Mefenamic Acid

AUCR CasR
Geo Mean (= 95% CI) Geo Mean (= 95% CI)
Predicted 1.55(1.52-1.59) 1.20(1.19-1.22)

AUCR = Ratio of AUCy.7; of substrate drug with coadministration of the interacting drug to AUCq.7; of
substrate drug alone; CI = Confidence interval; C,,..z = Ratio of C,,,, of substrate drug with coadministration
of the interacting drug to Cy.. of the substrate alone; DDI = Drug-drug interaction; f,, = Fraction
metabolized; Geo = Geometric.

(Source: eCTD for NDA 209803, Module 4.2.2.6 SimCYP® Prediction of Interaction between Ertugliflozin (PF-04971729) and
UGT Inhibitor Mefenamic Acid, Tables 11 and 12, pp 21-22)

Reviewer’s Comments

The applicant was able to predict the DDI between ertugliflozin and UGT inhibitor mefenamic acid by
utilizing verified PBPK models using Simcyp. The robustness of the model was verified by comparing the
predicted and observed PK interaction between dapagliflozin, another drug in the same SGLT?2 class, and
mefenamic acid. The predicted and observed values for dapagliflozin were very similar.

The model was also able to predict the single-dose and multiple-dose PK of ertugliflozin, which were
similar to the observed values from Phase 1 studies.

PBPK modeling and simulation results indicated that the expected drug interaction between ertugliflozin
and mefenamic acid would be less than 2-fold and similar to that between dapagliflozin and mefenamic
acid.

Based on a successful model development, the application of PBPK modeling would support a waiver for
the conduct of a clinical DDI study with ertugliflozin and a UGT inhibitor.
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1. EXECUTIVE SUMMARY

Merck has submitted three NDA submissions in parallel seeking the marketing approval for
ertugliflozin tablets (5 mg and 15 mg) (NDA 209803), ertugliflozin/sitagliptin fixed-dose
combination (FDC) tablets ( ®® 5 mg/100 mg, ®®@ 15 mg/100 mg) (NDA
209805), ertugliflozin/metformin FDC tablets (2.5mg/500mg, 2.5mg/1000mg, 7.5mg/500mg,
7.5mg/1000mg) (NDA 209806) for the treatment of type 2 diabetes mellitus (T2DM) as adjunct
to diet and exercise therapy. The proposed dosing regimens for the three products are as below:

e Ertugliflozin tablets: 5 mg or 15 mg once daily (QD) with or without food

e Ertugliflozin/sitagliptin FDC tablets: up to 15 mg ertugliflozin/100 mg sitagliptin QD
dose with or without food

e Ertugliflozin/metformin FDC tablets: up to 7.5 mg ertugliflozin/1000 mg metformin
twice daily (BID) dose with meals

A comprehensive clinical program has been conducted to support the approval of ertugliflozin as
a stand-alone product, as well as ertugliflozin/sitagliptin and ertugliflozin/metformin FDCs,
including twenty-nine Phase 1 studies, two Phase 2 studies, and nine Phase 3 studies.

A total of six clinical Pharmacology studies and three Phase 3 studies has been submitted to
support the ertugliflozin/ sitagliptin FDC. The clinical pharmacology studies include four
bioequivalence (BE) studies (Studies P025/1038, ®® p048/1056, and @@ one
food-effect study (Study P026/1050), and one 2-way pharmacokinetic (PK) drug-drug interaction
(DDI) study (Study P022/1033). Note that only the six Phase 1 studies will be reviewed in this
review. Regarding other relevant studies, refer to the Clinical Pharmacology Review for NDA
209803 by Drs Sury Sista and Lian Ma.

Results indicate that each strength of the proposed ertugliflozin/sitagliptin FDC tablets is
bioequivalent to co-administration of individual components, which was used in Phase 3 studies.
There is no clinically meaningful food effect for both individual components. The systemic
exposure for both individual components remains similar following the administration of FDC
and each of the individual components alone, suggesting no clinically meaningful PK interaction
between ertugliflozin and sitagliptin.

1.1 Recommendations

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP2) has
reviewed NDA 209805 Clinical Pharmacology data submitted on December 19, 2016 and found
the results of submitted studies are acceptable to support approval. However, the final
determination of the approval will be made based on the efficacy/safety assessment of
ertugliflozin in NDA 209803.

1.2 Post-Marketing Requirements and Commitments
None
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2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Summary of Important Clinical Pharmacology Findings
Ertugliflozin is a sodium-glucose co-transporter 2 (SGLT2) inhibitor. Sitagliptin is an inhibitor
of dipeptidyl peptidase-4 (DPP-4).

Four BE studies were conducted to bridge the proposed four strengths of commercial FDC tables
and the co-administration of individual components in Phase 3 studies. Results indicate that
following the single dose administration of each strength of FDC tablet and co-administration of
individual tablets used in Phase 3 studies, the 90% Cls of the geometric mean ratios of Cmax,
AUCO-t, and AUCO-inf of both ertugliflozin and sitagliptin are all well within 80-125% range,
suggesting the BE demonstration of the each strength of FDC tablets and the co-administration
of individual components used in Phase 3 studies.

In the food effect study (Study P026/1050) in healthy subjects (n=14), for ertugliflozin,
following the administration of ertugliflozin/sitagliptin FDC with high-fat, high-calorie
breakfast, ertugliflozin AUCs are similar while Cmax was about 30% lower compared to fasted
condition. Median Tmax was delayed from 1 hour to 2 hours in the presence of food. Mean
terminal phase t1/2 for ertugliflozin remains similar, 12.89 hours and 11.64 hours for fasted and
fed conditions, respectively. For sitagliptin, following the administration of
ertugliflozin/sitagliptin FDC with high-fat, high-calorie breakfast, sitagliptin AUCs and Cmax
are all similar compared to fasted condition. Median Tmax was 3.00 hours under the fasted
condition and 1.77 hours in under fed condition. Mean terminal phase t1/2 for sitagliptin remains
similar, 11.49 hours and 12.07 hours for fasted and fed conditions, respectively.

In the PK interaction study (Study P022/1033), following the administration of FDC and each of
the individual components alone, the systemic exposure (Cmax, AUCO-t, and AUCO-inf) for
both individual components remains unchanged, suggesting no clinically meaningful PK
interaction between ertugliflozin and sitagliptin.

2.2 Summary of Labeling Recommendations
Summary of labeling recommendation for different sections are listed below:

e Section 2: The proposed general dosing recommendations are acceptable. Dosing
recommendations for renal impaired patients depend on N
the efficacy/safety assessment of ertugliflozin component in renal
impairment subgroups in NDA 209803.
e Section 7: The proposed labeling statements are acceptable.
e Section 8: The labeling statements for hepatic impaired patients are acceptable.
Recommendations for the labeling statements for renal impaired patients depend on the
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@@ efficacy/safety assessment of ertugliflozin

component in renal impairment subgroups in NDA 209803.
e Section 12.3: The labeling statements regarding the ®@ are recommended
to be removed.

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background

Merck has submitted three NDA submissions in parallel seeking the marketing approval for

ertugliflozin tablets (5 mg and 15 mg) (NDA 209803), ertugliflozin/sitagliptin FDC tablets &
5 mg/100 mg, ®® 15 mg/100 mg) (NDA 209805), ertugliflozin/metformin

FDC tablets (2.5mg/500mg, 2.5mg/1000mg, 7.5mg/500mg, 7.5mg/1000mg) (NDA 209806) for

the treatment of T2DM as adjunct to diet and exercise therapy.

Ertugliflozin is a new molecular entity under NDA 209803. Sitagliptin is currently available in
the US market as JANUVIA (sitagliptin) tablets (NDA 021995, by Merck) or as one component
in JANUMET (metformin and sitagliptin) tablets (NDA 022044, by Merck) and JANUMET XR
(metformin and sitagliptin) extended release tablets (NDA 202270, by Merck).

To support the application of ertugliflozin/sitagliptin FDC, six Phase 1 studies and three Phase 3
studies were submitted. Only the six Phase 1 studies as shown in Table 1 will be reviewed in
this review. Regarding other relevant studies, refer to the Clinical Pharmacology Review for
NDA 209803 by Drs. Sury Sista and Lian Ma.
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Table 1. Summary of Clinical Pharmacology Studies Supporting NDA 209805

Protocol Objective(s) Design Number of Dose and Formulations
No. Healthy
Subjects
P022/1033 Drug-Drug Open-label, N=12 Ertugliflozin 15 mg tablet
Interaction randomized, (5 males/ (single dose)
3-period. 7 females) Sitagliptin 100 mg tablet
6-sequence single (single dose)
oral dose crossover Ertugliflozin 15 mg + sitagliptin
100 mg tablets (single dose of
each administered within
S minutes of each other)
P026/1050  Definitive food — Open-label. N=14 ertugliflozin 15 mg/sitagliptin
effect randomized. (11 males/ 100 mg tablet
2-period, 3 females)
2-sequence
CIOSSOVeT,
single-dose
P025/1038  Bioequivalence  Open-label. N=18 15 mg ertugliflozin (administered
randomized, (15 males/ as one 10 mg tablet + one 5 mg
2-period, 3 females) tablet) and sitagliptin 100 mg
2-sequence tablet co-administered
(s:irx(l);ls:-‘:lzrs’e ertugliflozin 15 mg/sitagliptin

P048/1056  Bioequivalence  Open-label. N=18 5 mg ertugliflozin tablet and
randomized. (17 males/ sitagliptin 100 mg tablet
2-period, 1 female) co-administered
&-Sequence ertugliflozin 5 mg/sitagliptin
crossover, let
single-dose 100 mg table

(Source: Summary of Clinical Pharmacology Studies, Table 1)

3.2 Clinical Pharmacology Review Questions

3.2.1 To what extent does the available clinical pharmacology information provide pivotal or
supportive evidence of effectiveness?

Three Phase 3 studies were conducted to support the efficacy and safety of
ertugliflozin/sitagliptin FDC. For more detailed information, refer to the Clinical Pharmacology
Review for NDA 209803 by Drs. Sury Sista and Lian Ma, and the Clinical Review by Dr. Frank
Pucino.
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Since the co-administration of the corresponding doses of the individual components was used in
Phase 3 studies, four BE studies were conducted to bridge the co-administered individual
components and the proposed ertugliflozin/sitagliptin FDC tablet. See Section 3.2.2 or
Individual Study Review for more information.

3.2.2 How is the proposed to-be-marketed formulation linked to the clinical service
Jormulation?
The pro(k)osed to-be-marketed product is ertugliflozin/sitagliptin FDC tablet at four strengths
’® 5 mg/100 mg, ®® and 15 mg/100 mg. However, in Phase 3 studies, the
co-administration of the corresponding doses of the individual components, ertugliflozin and
sitagliptin, was used. Therefore, four BE studies (Studies P025/1038, ®® p048/1056,
and ©® were conducted in healthy subjects to bridge each strength of the
ertugliflozin/sitagliptin FDC tablet and co-administration of individual components. Results of
BE studies indicated that each strength of the proposed ertugliflozin/sitagliptin FDC tablet is
bioequivalent to co-administration of individual components, which was used in Phase 3 studies
(see statistical analysis results for ertugliflozin 15 mg/sitagliptin 100 mg in Tables 2 and 3, for
P9 for ertugliflozin (Sb)g)lg/sitagliptm 100 mg

®) @

i Tables 6 and 7,

Also note that the clinical facility has been requested to be inspected. The OSIS recommends
accepting data without an on-site inspection since the requested inspection site was classified as
NAI based on recent inspections. For more detailed information, refer to the OSIS memorandum
dated 04/17/2017.

Statistical Analysis Results for Ertugliflozin 15 mg/Sitagliptin 100 mg FDC tablet:

Table 2. Ertugliflozin PK parameters following single oral dose administration of ertugliflozin 15
mg/sitagliptin 100 mg FDC tablet and co-administration of the individual components: ertugliflozin
15 mg (administered as one 10 mg tablet + one S mg tablet) and sitagliptin 100 mg tablet under
fasted conditions (Study P025/1038)

Adjusted (Least-Squares) Geometric Means

X3 : ’ 3 Ratio
Snm'glipflu 100 mg ‘ Simgli;?tln '100 mg + (Test/Reference) 00% CI
Ertugliflozin 15 mg FDC Ertugliflozin 15 mg . . .
. .. of Adjusted for Ratio
Parameter (Test) Co-administered a
. Means

(units) (Reference)
AUCyys (ng.hr/mL) 1188 1209 98.25 95.07.101.54
AUCh
AUC L 1162 1184 98.18 95.17, 101.30
(ng.hr/mL)
C oy (ng/mL) 202.4 198.1 102.13 92.32,112.99

Source: Table 14.4.3.3.1

Abbreviations: CT = confidence interval: FDC = Fixed Dose Combination: PK = pharmacokinetic(s)

a. The ratios (and 90% CIs) are expressed as percentages.

Parameters are defined mn Table 5.

The intra-subject variability values based on mixed effects model for ertugliflozin AUC ¢ and Cpy wWere 5.46%
and 17.49%. respectively.

(Source: Study P025/1038 CSR, Table 10)
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Table 3. Sitagliptin PK comparison following single oral dose administration of ertugliflozin 15
mg/sitagliptin 100 mg FDC tablet and co-administration of the individual components: ertugliflozin
15 mg (administered as one 10 mg tablet + one 5 mg tablet) and sitagliptin 100 mg tablet under
fasted conditions (Study P025/1038)

Adjusted (Least-Squares) Geometric Means Ratio
Sitagliptin 100 mg/ Sitagliptin 100 mg +  (Test/Reference) 90% CI
Ertugliflozin 15 mg Ertugliflozin 15 mg of Adjusted for Ratio
FDC Co-administered Means"
Parameter (units) (Test) (Reference)
AUCys (uM.hr) 7.343 7.171 102.40 90.51, 105.38
AUC), (WM hr) 7.241 7.058 102.60 99.78. 105.50
Crnax (M) 661.1 570.2 114.14 108.35.120.24

Source: Tables 14.4.3.3.2

Abbreviations: CI = confidence interval: FDC = Fixed Dose Combination: PK = pharmacokinetic(s).
Parameters are defined in Table 5.

a. The ratios (and 90% CIs) are expressed as percentages.

The intra-subject variability values based on mixed effects model for sitagliptin AUC s and Cppp were 4.81%
and 9.01%. respectively.

(Source: Study P025/1038 CSR, Table 12)
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Statistical Analysis Results for Ertugliflozin 5 ma/Sitagliptin 100 mg FDC tablet

Table 6. Ertugliflozin PK comparison following single oral dose administration of ertugliflozin 5
mg/sitagliptin 100 mg FDC tablet and co-administration of the individual components: ertugliflozin
5 mg and sitagliptin 100 mg under fasted conditions (Study P048/1056)

Adjusted (Least-Squares) Geometric Means

Ratio
Ertugliflozin Ertuglifiozin 5§ mg + .
5 mngit-.lgg]lpﬂn 100 mg Simillptin 100 r:lgg (TZ}"E“’.&'T ’:l“" f“_og (ﬁ.l
Parameter FDC tablet (Test) Co-administered N l“": or Ratlo
! . Means
(units) (Reference)
AUC 386.8 382.1 101.23 97.15. 105.49
(ng.hr/mL)
AUC 4 371.7 364.3 102.01 97.89. 106.32
(ng.hr/mL)
Cax (Ng/mL) 73.44 71.19 103.17 93.76, 113.52

Source: Table 14.4.3.3.1

Abbreviations: CI = confidence interval: FDC = fixed dose combination; PK = pharmacokinetic(s).
a. The ratios (and 90% CIs) are expressed as percentages.

Parameters are defined m Table 5.

The intra-subject variability (sqrt[exp(MSE)-1]. where MSE is the mean square error) values based on mixed
effects model for ertugliflozin AUC,;. AUC,,, and C,,, were 0.0708, 0.0710. and 0.1654. respectively.

(Source: Study P048/1056 CSR, Table 10)

Table 7. Sitagliptin PK comparison following single oral dose administration of ertugliflozin 5
mg/sitagliptin 100 mg FDC tablet and co-administration of the individual components: ertugliflozin
5 mg and sitagliptin 100 mg under fasted conditions (Study P048/1056)

Adjusted (Least-Squares) Geometric Means Ratio
Ertugliflozin Ertuglifiozin 5 mg +  (Test/Reference) 90% C1
5 mg/Sitagliptin 100 mg Sitagliptin 100 mg of Adjusted for Ratio
Parameter FDC tablet Co-administered Means'
(units) (Test) (Reference)
AUC ¢ (uM.hr) 7.136 7.151 99.80 98.12. 101.51
AUC 4 (M hr) 7.061 7.078 99.77 98.05,101.52
Ciax (NM) 673.8 675.5 99.76 93.63,106.28

Source: Table 14.4.3.3.2

Abbreviations: CI = confidence interval: FDC = fixed dose combination: PK = pharmacokinetic(s)
Parameters are defined in Table 5

a.  The ratios (and 90% CIs) are expressed as percentages,

Sitagliptin data in ertugliflozin 5 mg + sitagliptin 100 mg co-administered treatment for Subject 10011002
were excluded due to occurrence of vomiting within 2 » median sitagliptin T, for the treatment

The intra-subject variability (sqrt[exp(MSE)-1]. where MSE is the mean square error) values based on mixed
effects model for sitaghptin AUC ;. AUC,, and Cpay were 0.0282, 0.0289, and 0.1056, respectively.

(Source: Study P048/1056 CSR, Table 12)
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3.2.3 Is the proposed dosing regimen appropriate for the general patient population for which
the indication is being sought?

Yes, the proposed dosing is reasonable from a clinical pharmacology perspective. The proposed
starting dose of the ertugliflozin/sitagliptin FDC is 5 mg/100 mg QD, to be taken in the morning,
with or without food. In patients tolerating the FDC, the dose may be increased to 15 mg/100
mg, QD, if additional glycemic control is needed.

3.2.4 Is an alternative dosing regimen and/or management strategy required for
subpopulations based on intrinsic or extrinsic factors?

Per relevant information of ertugliflozin and JANUVIA (sitagliptin), no dosage adjustment of
the ertugliflozin/sitagliptin FDC 1is required based on race, gender, age, body weight/BMI,
UGT1A9 polymorphism, mild or moderate hepatic impairment, or concomitant administration of
drugs that impact the metabolism and/or transport of ertugliflozin or sitagliptin. No dosage

adjustment of the ertugliflozin/sitagliptin FDC is also required for patients with mild renal
impairment.

10
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(b) (4)

3.2.5 Are there clinically relevant food effects and what is the appropriate management
strategy?

The food effect on ertugliflozin 15 mg/sitagliptin 100 mg FDC was evaluated in Study
P026/1050 and no clinically meaningful food effects were identified for both individual
components.

Study P026/1050 is a Phase 1, open-label, randomized, 2-period, 2-sequence single dose
crossover study in healthy subjects (n=14). For ertugliflozin, following the administration of
ertugliflozin/sitagliptin FDC with high-fat, high-calorie breakfast, ertugliflozin AUCs are similar
while Cmax was about 30% lower compared to fasted condition (Table 10). Median Tmax was
delayed from 1 hour to 2 hours in the presence of food. Mean terminal phase ty, for ertugliflozin
remains similar, 12.89 hours and 11.64 hours for fasted and fed conditions, respectively. For
sitagliptin, following the administration of ertugliflozin/sitagliptin FDC with high-fat, high-
calorie breakfast, sitagliptin AUCs and Cmax are all similar compared to fasted condition (Table
11). Median Tmax was 3.00 hours under the fasted condition and 1.77 hours in under fed
condition. Mean terminal phase t;, for sitagliptin remains similar, 11.49 hours and 12.07 hours
for fasted and fed conditions, respectively.

11
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Table 10. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters

Ratio
(Test/Reference) of
Adjusted Means®

90% C1
for Ratio

Parameter (Units) Adjusted (Least-Squares) Geometric
Means
Ertugliflozin
15 mg/Sitagliptin 100
mg FDC-Fasted

Ertugliflozin
15 mg/Sitagliptin
100 mg FDC-Fed

(Test) (Reference)
AUCy¢ (ng*h/mL) 1108 1171 9464 (91.62, 97.75)
AUC; (ng=h/mL) 1090 1150 94.81 (91.79, 97.93)
Cp. (ng/mL) 157.1 223.0 70.47 (63.34, 78.39)

Source: Table 14.4.3.3.1

PK parameters are defined i Table 5.

Values were back-transformed from the log scale.

The model was a mixed effect model with sequence, period and treatment as fixed effects and subject within
sequence as a random effect.

The intra-subject variability (sqrt[exp(MSE)-1], where MSE 15 the mean square error) values based on mixed
effects model for ertugliflozin AUC ¢, AUC,,,, and C,, Were 0.0481, 0.0481 and 0.1592, respectively.
Abbreviations: CI = confidence interval; FDC = fixed dose combination; PK = pharmacokinetic(s).

a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P026/1050 CSR, Table 10)

Table 11. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters

Ratio
(Test/Reference)
of Adjusted

90% CI
for Ratio

Parameter (Units) Adjusted (Least-Squares) Geometric Means
Ertugliflozin Ertugliflozin

15 mg/Sitagliptin 15 mg/Sitagliptin

100 mg FDC-Fasted 100 mg FDC-Fed Means"
(Test) (Reference)
AUC; (M=h) 7.105 7.352 96.64 (93.99,99.37)
AUC,,,; (uM=h) 7.015 7.277 96.40 (93.79, 99.08)
Crwe (nM) 7213 750.7 96.09 (82.38, 112.09)

Source: Table 144332

PK parameters are defined in Table 5.

Values were back-transformed from the log scale

The model was a nixed effect model with sequence, period and treatment as fixed effects and subject within
sequence as a random effect.

The intra-subject variability (sqrt[exp(MSE)-1], where MSE 1s the mean square error) values based on mixed
effects model for sitaghptin AUC,;s, AUC,,,;, and C,,,, were 0.0413, 0.0408 and 0.2316, respectively.
Abbreviations: CI = confidence interval; FDC = fixed dose combination; PK = pharmacokinetic(s)

a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P026/1050 CSR, Table 12)

3.2.6 Are there clinically relevant drug-drug interactions and what is the appropriate

management strategy?

The PK interaction between individual components, ertugliflozin and sitagliptin, was evaluated
in Study P022/1033. This was a Phase 1, open-label, randomized, 3-period, 6-sequence single
oral dose crossover drug-drug interaction study to estimate the PK interaction between
ertugliflozin and sitagliptin in 12 healthy volunteers. Results indicated that, for both individual
components, the systemic exposure remains similar following the administration of FDC and
each of the individual components alone, suggesting no clinically meaningful PK interaction

between ertugliflozin and sitagliptin (Tables 12 and 13).

Table 12. Statistical comparisons for plasma ertugliflozin PK parameters

Reference ID: 4136060

PK parameters Geometric means GMR (%) (90% CI)
Ertugliflozin 15 mg Ertugliflozin 15 mg | (Test/Reference)
+ Sitagliptin 100 mg (Reference)
(Test)
AUCO-inf (h*ng/mL) | 1482 1455 101.89 (97.24, 106.76)
AUCO-t (h*ng/mL) 1449 1428 101.46 (97.06, 106.07)
Cmax (ng/mL) 258 262 08.18 (91.86, 104.94)
12



(Reviewer’s analysis)

Table 13. Statistical comparisons for plasma sitagliptine PK parameters

PK parameters Geometric means GMR (%) (90% CI)

Ertugliflozin 15 mg Sitagliptin 100 mg | (Test/Reference)

+ Sitagliptin 100 mg (Reference)

(Test)
AUCO-inf (h*ng/mL) | 7299 7192 101.48 (98.27, 104.79)
AUCO-t (h*ng/mL) 7214 7123 101.28 (98.04, 104.63)
Cmax (ng/mL) 814 792 101.65 (91.51, 112.91)

(Reviewer’s analysis)
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4. APPENDICES

4.1 Summary of Bioanalytical Method Validation and Performance

Determinations of ertugliflozin and sitagliptin in human plasma were performed using fully
validated high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
assays. For ertugliflozin bioanalytical method validation and performance, refer to the Clinical
Pharmacology Review for NDA 209803 by Dr. Sury Sista. The key descriptive parameters of
the bioanalytical assay for sitagliptin measurement were summarized in Table 1.

The bioanalytical facilities have been requested to be inspected. The OSIS recommends
accepting data without an on-site inspection since the requested inspection site was classified as
NAI based on recent inspections. For more detailed information, refer to the OSIS memorandum
dated 04/17/2017.

Table 1. Summary of key descriptive parameters for sitagliptin bioanalytical assay

Assay Conditions

Sample Storage Temperature Pooled QC Samples: -20°C

Extraction Method Protein Precipitation
Detection Method HPLC-MS/MS
Sample Aliquot Volume 0.100 pL
Regression Weighting Linear, 1/conc’
Quantification Peak Area Ratios
Calibration Range (nominal) 1.00 to 1000 ng/mL
ULOQ 1000 ng/mL

LLOQ 1.00 ng/mL
Validation (VQC) Sample Concentrations 1.00, 3.01,

100.30, 802.40 and 10030.00 (VS-DIL) ng/mL

Assay Performance

Intra-assay Validation (VQC) Sample Statistics
Precision (%CV)

Accuracy (%RE)

<13.28%
8.66% to 6.51%

Recovery
Mean Analyte Recovery
Mean Internal Standard Recovery

74.71%, 83.69% and 85.55%
82.58%

Selectivity
Matrix
Tomization Effects

Analyte Carryover

4 out of 6 Human K>-EDTA Plasma Lots Passed

2 out of 2 Hyperlipidemic Human K,;EDTA Plasma
lots passed

2 out of 2 Hemolyzed Human K>EDTA Plasma lots
passed

<9.25%

Reference ID: 4136060
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Batch Size The maximum batch size investigated within this

validation was 288

Stability

Primary Stock Solution 20 hours and 25 minutes at room temperature (25°C)
453 days at -20°C

High Working Solution 74 days at 4°C

Low Working Solution 91 days at 4°C

Internal Standard solution 20 hours and 20 minutes at room temperature
372 days at -20°C

Ambient Matrix Stability 26 hours at room temperature 1n human K>EDTA
plasma

Frozen Matrix Storage Stability 628 days at -20°C

Freeze/Thaw Matrix Stability 4 Cycles at -20°C and 3 Cycles at -80°C 1n human
K,EDTA Plasma

Extract Stability 107 hours at room temperature in human K;EDTA
plasma

Re-mnjection Reproducibility Stability 94 hours at room temperature in human K;EDTA

lasma

Whole Blood Stability F1)80 minutes at room temperature (25°C) (human
K,EDTA plasma)
230 minutes i an 1ce/water bath (human K,;EDTA
plasma)

Source: [Ref. 5.3.1.4: 04H3RQ].

Abbreviations: K,EDTA=potassium ethylenediaminetetraacetic acid; HPLC-MS/MS=High Performance
Liquid Chromatography-Tandem Mass Spectrometry; LLOQ=lower limit of quantification; QC=quality
control; ULOQ=upper limit of quantification; VS-DIL=validation sample — dilution QC; VQC=validation
qualify control.

(Source: Summary of biopharmaceutical studies and associated analysis methods-ertugliflozin/sitagliptin FDC, Table 9)
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4.2 Summary of Individual Studies

Study P025/1038 (BE Study)

Title: A Phase 1, Single Dose, Open-Label, Randomized, Crossover Bioequivalence Study of a
Sitagliptin 100 mg/Ertugliflozin 15 mg Fixed Dose Combination Tablet vs Co-Administration of
the Individual Components (Sitagliptin and Ertugliflozin) in Healthy Subjects

Objectives:

e Primary: to demonstrate the BE of sitagliptin 100 mg/ertugliflozin 15 mg FDC tablet to
the co-administration of the individual components: sitagliptin 100 mg tablet and
ertugliflozin 15 mg (administered as one 10 mg tablet + one 5 mg tablet) under fasted
conditions

e Secondary: safety and tolerability

Study Design

This was a pivotal, Phase 1, open-label, randomized, 2-period, 2-sequence single dose crossover
study to demonstrate the bioequivalence of ertugliflozin 15 mg/sitagliptin 100 mg FDC tablet to
the co-administration of the individual components: ertugliflozin 15 mg (administered as one 10
mg tablet + one 5 mg tablet) and sitagliptin 100 mg tablet under fasted conditions in healthy
subjects. Each subject received 2 treatments in a randomized manner as outlined in Table 2.
Subjects received a single dose of the assigned trial medication in the morning of Day 1 in the
fasted state (minimum 10-hour fast). Dosing in each period was separated by a washout period
of at least 7 days.

Table 2. Treatment sequence in Study P025/1038

Sequence Period 1 Period 2
1 (n=9) SITA+ERTU-Coadm SITA/ERTU-FDC
2(n=9) SITA/ERTU-FDC SITA+ERTU-Coadm

Source: Section 16.1.1
Abbreviation: Coadm = co-administered: FDC = fixed dose combination; n = number of subjects.

SITA+ERTU-Coadm: sitagliptin 100 mg and ertugliflozin 15 mg (one 10 mg tablet + one 5 mg tablet)
co-administered (within 5 minutes of each other with the ertugliflozin being administered first) under fasted
conditions (Reference)

SITA/ERTU-FDC: sitagliptin 100 mg/ertugliflozin 15 mg FDC tablet, single dose, under fasted conditions
(Test)

(Source: Study P025/1038 CSR, Table 1)

PK Sampling Schedule
Blood samples for determination of sitagliptin and ertugliflozin concentrations were collected
from each subject predose, and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 24, 48, and 72 hours post-dose.

Results and Conclusions
A total of 18 healthy male and/or female subjects (9 in each treatment sequence) were enrolled

and all of them completed this study. Results indicated that the BE was demonstrated for both
ertugliflozin (Figure 1 and Tables 3, 4) and sitagliptin (Figure 2 and Tables 5, 6).
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B3B38 Sitagliptin 100 mg,/ Ertugliflozin 15 mg FDC tablet

Figure 1. Median plasma ertugliflozin concentration-time profiles following single oral doses of

ertugliflozin 15 mg /sitagliptin 100 mg FDC and ertugliflozin 15 mg+sitagliptin 100 mg co-
administered

(Source: adapted from Figure 1 of Study P025/1038 CSR)

Table 3. Summary of plasma ertugliflozin PK parameters

Parameter Summary Statistics” by Treatment

Sitagliptin 100 mg/ Sitagliptin 100 mg +
Ertugliflozin 15 mg FDC Ertugliflozin 15 mg Co-administered
Parameter (units)
N.n 18. 18 18,17
AUC ¢ (ng hr/mL) 1188 (22 1242 (22)
AUC (nghr/mL) 1162 (23) 1184 (23)
Coax (ng/mL) 2024 (34) 198.1 24)
T (hr) 1.01 (0.500. 4.00) 1.01 (0.500, 5.00)
ty; (hr) 13.38 £3.05 13.84 £2.73

Source: Table 144311

Abbreviations: %CV = percent coefficient of vanation; FDC = Fixed Dose Combination: N = Number of
subjects in the treatment and contributing to the descriptive summary statistics: n = number of subjects with
reportable t, and AUC,¢ PK = pharmacokinetic(s); SD = standard deviation

Parameters are defined in Table 5.

a. Geometric mean (geometric %CV) for all except: median (range) for Ty arthmetic mean =SD for tu.

(Source: Study P025/1038 CSR, Table 9)

Table 4. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters

Adjusted (Least-Squares) Geometric Means

f — = P~ Ratio
Sltn}gllpfm 100 mg . Sliaglll?llu !.00 mg + (Test/Reference) 90% CI
Ertugliflozin 15 mg FDC Ertugliflozin 15 mg of Adjusted for Ratio
Parameter (Test) Co-administered “e:' ns?
(units) (Reference) )
AUC s (ng.hr/mL) 1188 1209 98.25 95.07. 101.54
ﬁ:ii?sl‘li) 1162 1184 98.18 95.17, 101.30
(',:m (ng/mL) 202.4 198.1 102.13 92.32.112.99

Source: Table 14.4.3.3.1

Abbreviations: CI = confidence interval: FDC = Fixed Dose Combination: PK = pharmacokinetic(s).

a. The ratios (and 90% CIs) arc expressed as percentages.

Parameters are defined in Table 5.

The intra-subject variability values based on mixed effects model for ertugliflozin AUCy and Cp,y were 5.46%
and 17.49%, respectively.

(Source: Study P025/1038 CSR, Table 10)
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B3B38 sitagliptin 100 mg/ Ertugliflozin 15 mq FDC tablet

Figure 2. Median plasma sitagliptin concentration-time profiles following single oral doses of
ertugliflozin 15 mg /sitagliptin 100 mg FDC and ertugliflozin 15 mg+sitagliptin 100 mg co-

administered
(Source: adapted from Figure 4 of Study P025/1038 CSR)

Table 5. Summary of plasma sitagliptin PK parameters

Parameter Summary Statistics” by Treatment

Sitagliptin 100 mg/ Sitagliptin 100 mg +
Ertugliflozin 15 mg FDC Ertuglifiozin 15 mg Co-administered
Parameter (units)
N.n 18. 18 18.17
AUC ¢ (uMLhr) 7.343 (15) 7.239(14)
AUC) 5 (WM.Lr) 7.241 (15) 7.058 (14)
Cax (nM) 661.1 (22) 579.2 (20)
Tonax (1) 3.00 (0.500. 6.02) 3.98 (1.98. 5.00)
ty;, (hr) 12.16 £2.02 12.53 £1.28

Source: Table 14.4.3.1.2
Abbreviations: %CV = percent coefficient of variation: FDC = Fixed Dose Combination: N = Number of

subjects in the treatment and contributing to descriptive summary statistics: n = number of subjects with
reportable t, and AUC,s PK = pharmacokinetic(s); SD = standard deviation.

Parameters are defined in Table 5.

a. Geometric mean (geometric %CV) for all except: median (range) for Ty arithmetic mean +=SD for t,

(Source: Study P025/1038 CSR, Table 11)

Table 6. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters

(Study P025/1038)
Adjusted (Least-Squares) Geometric Means Ratio
Sitagliptin 100 mg/ Sitagliptin 100 mg +  (Test/Reference) 920% CI
Ertugliflozin 15 mg Ertugliflozin 15 mg of Adjusted for Ratio
FDC Co-administered Means"

Parameter (units) (Test) (Reference)

AUCy¢ (UM hr) 7.343 7.171 102.40 99.51, 105.38

AUC,5 (uM hr) 7.241 7.058 102.60 99.78, 105.50

Cuuax (nM) 661.1 579.2 11414 108.35.120.24

Source: Tables 14.4.3.3.2
Abbreviations: CI = confidence interval: FDC = Fixed Dose Combination: PK = pharmacokinetic(s).

Parameters are defined in Table 5.
a. The ratios (and 90% CIs) are expressed as percentages.
The intra-subject variability values based on mixed effects model for sitagliptin AUC ¢ and Cp were 4.81%

and 9.01%. respectively.

(Source: Study P025/1038 CSR, Table 12)
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Study P048/1056 (BE Study)

Title: A Phase 1, Single Dose, Open-Label, Randomized, Crossover Bioequivalence Study of a
Sitagliptin 100 mg/Ertugliflozin 5 mg Fixed Dose Combination Tablet vs Co-Administration of
the Individual Components (Sitagliptin and Ertugliflozin) in Healthy Subjects

Objectives:

e Primary: To demonstrate bioequivalence of ertugliflozin 5 mg/sitagliptin 100 mg FDC
tablet to the co-administration of the individual components: ertugliflozin 5 mg and
sitagliptin 100 mg, under fasted conditions

e Secondary: safety and tolerability

Study Design

This was a pivotal, Phase 1, open-label, randomized, 2-period, 2-sequence single dose crossover
study to demonstrate the bioequivalence of ertugliflozin 5 mg/sitagliptin 100 mg FDC tablet to
the co-administration of the individual components: ertugliflozin 5 mg and sitagliptin 100 mg
tablet under fasted conditions in healthy subjects. Each subject received 2 treatments in a
randomized manner as outlined in Table 12. Subjects received a single dose of the assigned trial
medication in the morning of Day 1 in the fasted state (minimum 10-hour fast). Dosing in each
period was separated by a washout period of at least 7 days.

Table 12. Treatment sequence in Study P048/1056

Sequence ) Period 1 ‘ Period 2
1(IN=9) ERTU+SITA -Coadm ERTU/SITA -FDC
2(N=9) ERTU/SITA -FDC ERTU+SITA -Coadm
Source: Section 16.1.1
Abbreviations: Coadm = co-administered: FDC = fixed dose combination: N = number of subjects
ERTU+SITA -Coadm: ertugliflozin 5 mg tablet and sitagliptin 100 mg tablet co-administered (within
5 muinutes of each other with the ertughflozin being administered first) under fasted conditions (Reference)
ERTU/SITA-FDC: ertugliflozin 5§ mg/sitagliptin 100 mg FDC tablet. single dose. under fasted conditions

(Test)

(Source: Study P048/1056 CSR, Table 1)

PK Sampling Schedule
Blood samples for determination of sitagliptin and ertugliflozin concentrations were collected
from each subject predose, and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 24, 48, and 72 hours post-dose.

Results and Conclusions
A total of 18 healthy male and/or female subjects (9 in each treatment sequence) were enrolled

and all of them completed this study. Results indicated that the BE was demonstrated for both
ertugliflozin (Figure 5 and Tables 13, 14) and sitagliptin (Figure 6 and Tables 15, 16).
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Figure 5. Median plasma ertugliflozin concentration-time profiles following single oral doses of
ertugliflozin 5 mg /sitagliptin 100 mg FDC and ertugliflozin 5 mg+sitagliptin 100 mg co-
administered

(Source: adapted from Figure 1 of Study P048/1056 CSR)

Table 13. Summary of plasma ertugliflozin PK parameters

Parameter Summary Statistics’ by Treatment

Parameter (units) Ertuglifiozin 5§ mg/Sitagliptin 100 mg Ertuglifiozin 5§ mg + Sitagliptin 100 mg

FDC tablet Co-administered
N 18 18
AUC ¢ (ng.u/mL) 386.8 (22) 382.1(22)
AUC),, (ng.hr/mL) 371.7 (23) 364.3 (23)
Cpnax (ng2/mL) 73.44 (24) 71.19 (23)
Toax (hr) 1.01 (0.500, 3.00) 1.01 (0.500, 4.00)
ty, (hr) 12.99 + 3.53 11.84 £ 2.60

Source: Table 14.4.3.1.1

Abbreviations: %CV = percent coefficient of variation: FDC = fixed dose combination: N = number of subjects
in the treatment group and contributing to the summary statistics: PK = pharmacokinetic(s): SD = standard
deviation.

Parameters are defined in Table 5.

a. Geometric mean (geometric 2%CV) for all except: median (range) for Ty, arithmetic mean £SD for t,.

(Source: Study P048/1056 CSR, Table 9)

Table 14. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters
Adjusted (Least-Squares) Geometric Means

Ratio
. . 5
. Ertugliflozin E!Iuglmozin Smg + (Test/Reference) 90% CI
5 mg/Sitagliptin 100 mg Sitagliptin 100 mg of Adjusted for Ratio
Parameter FDC tablet (Test) Co-administered ‘,.
. Means
(units) (Reference)
AUC,¢ 386.8 382.1 101.23 97.15. 105.49
(ng.hr/mL)
AUC,, 371.7 364.3 102.01 97.89. 106.32
(ng.ln/mL)
Cax (N2/mL) 73.44 71.19 103.17 93.76. 113.52

Source: Table 14.4.3.3.1

Abbreviations: CI = confidence interval: FDC = fixed dose combination: PK = pharmacokinetic(s).

a. The ratios (and 90% CTs) are expressed as percentages.

Parameters are defined in Table 5.

The intra-subject variability (sqrt[exp(MSE)-1]. where MSE is the mean square error) values based on mixed
effects model for ertugliflozin AUC .. AUC,,,; and C,, were 0,0708, 0.0710. and 0.1654, respectively.
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(Source: Study P048/1056 CSR, Table 10)
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I‘:ig‘ure 6. Median plasmé sitagliptin concentration-time profiles following single oral doses of
ertugliflozin 5 mg /sitagliptin 100 mg FDC and ertugliflozin 5 mg+sitagliptin 100 mg co-

administered
(Source: adapted from Figure 4 of Study P048/1056 CSR)

Table 15. Summary of plasma sitagliptin PK parameters
Parameter Summary Statistics® by Treatment
Ertuglifiozin § mg/Sitagliptin 100 mg Ertugliflozin 5§ mg + Sitagliptin 100 mg

Parameter (units) FDC tablet Co-administered
N 18 17
AUC¢ (nM.LIr) 7.136 (17) 7.077 (16)
AUC) 3 (UM D) 7.061 (17) 7.005 (16)
Copax (NM) 673.8(32) 659.5 (26)
Tmax (hr) 3.00 (1.00. 4.08) 2.98 (0.483. 5.00)
ts; () 11.56 +£0.92 11.18+1.19

Source: Table 14.4.3.1.2
Abbreviations: %CV = percent coefficient of variation; FDC = fixed dose combination: N = number of

subjects in the treatment group and contributing to the summary statistics; PK = pharmacokinetic(s):
SD = standard deviation.

Parameters are defined in Table 5.
a. Geometric mean (geometric %CV) for all except: median (range) for Ty, arithmetic mean £SD for t.,.

Sitagliptin data in ertugliflozin 5 mg + sitagliptin 100 mg co-administered treatment for Subject 10011002.
were excluded due to occurrence of vomiting within 2 » median sitagliptin Ty, for the treatment.

(Source: Study P048/1056 CSR, Table 11)

Table 16. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters
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Adjusted (Least-Squares) Geometric Means Ratio

Ertugliflozin Ertuglifiozin 5 mg + (Test/Reference) 90% CT
5 mg/Sitagliptin 100 mg Sitagliptin 100 mg of Adjusted for Ratio
Parameter FDC tablet Co-administered Means’
(units) (Test) (Reference)
AUC ;¢ (nM.Ir) 7.136 7.151 99.80 98.12.101.51

AUCys (WM hr) 7.061 7.078 99.77 98.05.101.52
Cuuax (0M) 673.8 675.5 99.76 93.63.106.28

Source: Table 144332

Abbreviations: CI = confidence interval: FDC = fixed dose combination: PK = pharmacokinetic(s).
Parameters are defined in Table 5

a.  The ratios (and 90% CTs) are expressed as percentages.

Sitagliptin data in ertugliflozin 5 mg + sitagliptin 100 mg co-administered treatment for Subject 10011002
were excluded due to occurrence of vomiting within 2 < median sitagliptin Ty, for the treatment.

The intra-subject variability (sqrt[exp(MSE)-1]. where MSE is the mean square error) values based on mixed
cffects model for sitagliptin AUCjys. AUCpg and Cpay were 0.0282. 0.0289. and 0.1056. respectively.

(Source: Study P048/1056 CSR, Table 12)
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Study P026/1050 (Food Effect Study)

Title: A Phase 1, Randomized, Open-Label, 2-Sequence, 2-Period Crossover Study to Estimate
the Effect of Food on the Pharmacokinetics of Sitagliptin and Ertugliflozin When Administered
as a Fixed Dose Combination Tablet to Healthy Subjects

Objectives:
e Primary: To estimate the effect of food on the PK of sitagliptin and ertugliflozin
following administration of the ertugliflozin 15 mg/sitagliptin 100 mg FDC tablet
e Secondary: safety and tolerability

Study Design

This is a Phase 1, open-label, randomized, 2-period, 2-sequence single dose crossover study in
healthy subjects. Each subject received 2 treatments in a randomized manner according to 1 of 2
sequences as outlined in the Table as below.

Table 22. Treatment Sequence of Study P026/1050

Sequence Period 1 Period 2
I(N=7) ERTU/SITA-Fasted ERTU/SITA-Fed
2(N=7) ERTU/SITA-Fed ERTU/SITA-Fasted

Source: Section 16.1.1

Abbreviations: ERTU/SITA-Fasted = ertugliflozin 15 mg/sitagliptin 100 mg FDC tablet. single dose under

fasted conditions (Reference): ERTU/SITA-Fed = ertugliflozin 15 mg/sitagliptin 100 mg FDC tablet,

single dose under fed conditions (Test); FDC = fixed dose combination: N = total number of subjects.
(Source: Study P026/1050 CSR, Table 1)

ERTU/SITA-Fasted: After an overnight fast of at least 10 hours, subjects were dosed with
the ertugliflozin 15 mg/sitagliptin 100 mg FDC tablet.

ERTU/SITA-Fed: After an overnight fast of at least 10 hours, subjects were dosed with the
ertugliflozin 15 mg/sitagliptin 100 mg FDC tablet approximately 30 minutes after beginning
consumption of a standard high-fat (approximately 50% of total caloric content of the meal),
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high-calorie high-calorie (approximately 800 to 1000 calories) breakfast. The subjects were
instructed to consume the entire meal within 25 minutes.

PK Sampling Schedule
Blood samples for determination of sitagliptin and ertugliflozin concentrations were collected
from each subject predose, and at 0.5, 1, 1.5, 2, 3, 4, 5, 6, 8, 12, 24, 48, and 72 hours post-dose.

Results and Conclusions
A total of 14 subjects were assigned to and received study treatments. All subjects completed the
study and were analyzed for PK and safety.

For ertugliflozin, following the administration of ertugliflozin/sitagliptin FDC with high-fat,
high-calorie breakfast, ertugliflozin AUCs are similar while Cmax was about 30% lower
compared to fasted condition (Figure 9 and Table 23). Median Tmax was delayed from 1 hour to
2 hours in the presence of food. Mean terminal phase t1/2 for ertugliflozin remains similar,
12.89 hours and 11.64 hours for fasted and fed conditions, respectively.

For Sitagliptin, following the administration of ertugliflozin/sitagliptin FDC with high-fat, high-
calorie breakfast, sitagliptin AUCs and Cmax are all similar compared to fasted condition
(Figure 10 and Table 24). Median Tmax was 3.00 hours under the fasted condition and 1.77
hours in under fed condition. Mean terminal phase t1/2 for sitagliptin remains similar, 11.49
hours and 12.07 hours for fasted and fed conditions, respectively.
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Figure 9. Median plasma ertugliflozin concentration-time profiles following single oral doses of
ertugliflozin 15 mg/sitagliptin 100 mg FDC under fed and fasting conditions
(Source: Adapted from Figure 1 of Study P026/1050 CSR)

Table 23. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters
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Parameter (Units) Adjusted (Least-Squares) Geometric Ratio 90% C1

Means (Test/Reference) of for Ratio
Ertugliflozin Ertugliflozin Adjusted Means®
15 mg/Sitagliptin 15 mg/Sitagliptin 100
100 mg FDC-Fed mg FDC-Fasted
(Test) (Reference)

AUCs (ng*h/mL) 1108 1171 94.64 (91.62,97.75)
AUC,,,; (ng*h/mL) 1090 1150 94.81 (91.79, 97.93)
Cpae (ng/mL) 157.1 2230 70.47 (63.34, 78.39)

Source: Table 14.4.3.3.1

PK parameters are defined in Table 5.

Values were back-transformed from the log scale.

The model was a mixed effect model with sequence, period and treatment as fixed effects and subject within
sequence as a random effect.

The tra-subject variability (sqrt[exp(MSE)-1], where MSE is the mean square error) values based on mixed
effects model for ertugliflozin AUC,,¢, AUC,,, and C,,., were 0.0481, 0.0481 and 0.1592, respectively.
Abbreviations: CI = confidence interval; FDC = fixed dose combination; PK = pharmacokinetic(s).

a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P026/1050 CSR, Table 10)
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Figure 10. Median plasma sitagliptin concentration-time profiles following single oral doses of
ertugliflozin 15 mg/sitagliptin 100 mg FDC under fed and fasting conditions
(Source: Adapted from Figure 4 of Study P026/1050 CSR)

o

Table 24. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters

Parameter (Units) Adjusted (Least-Squares) Geometric Means Ratio 90% CI

Ertugliflozin Ertugliflozin (Test/Reference) for Ratio

15 mg/Sitagliptin 15 mg/Sitagliptin of Adjusted
100 mg FDC-Fasted 100 mg FDC-Fed Means®
(Test) (Reference)

AUC,¢ (uM+h) 7.105 7.352 96.64 (93.99,9937)
AUC,,., (uWM+h) 7.015 7277 96.40 (93.79, 99.08)
Cnax (nM) 7213 750.7 96.09 (82.38,112.09)

Source: Table 14.4.3.3.2
PK parameters are defined in Table 5.

Values were back-transformed from the log scale.

The model was a mixed effect model with sequence, period and treatment as fixed effects and subject within
sequence as a random effect.

The mtra-subject variability (sqrt[exp(MSE)-1], where MSE 1s the mean square error) values based on mixed
effects model for sitagliptin AUC,;. AUC,,,, and C,,, were 0.0413, 0.0408 and 0.2316, respectively.
Abbreviations: CI = confidence mterval; FDC = fixed dose combination; PK = pharmacokinetic(s).

a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P026/1050 CSR, Table 12)
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Study P022/1033 (PK Interaction Study)

Title: A Phase 1, Randomized, Open-Label, 3-Period, 6-Sequence Study to Estimate the
Pharmacokinetic Interaction between Ertugliflozin and Sitagliptin in Healthy Subjects

Objectives:
e Primary: to estimate the effect of sitagliptin on ertugliflozin PK and the effect of
ertugliflozin sitagliptin PK
e Secondary: safety and tolerability

Study Design

This was a Phase 1, open-label, randomized, 3-period, 6-sequence single oral dose crossover
drug-drug interaction study to estimate the PK interaction between ertugliflozin and sitagliptin in
12 healthy volunteers. Each enrolled subject received 3 treatments (A, B and C) in a randomized
manner according to 1 of 6 sequences as outlined in Table as below. Subjects received the
assigned trial medication (Treatment A, B or C) in the morning of Day 1 in each period after an
overnight fast of at least 8 hours. Dosing in consecutive crossover periods was separated by a
washout period of at least 5 days.

Table 25. Treatment sequence of Study P022/1033

Sequence Period 1 Period 2 Period 3
1 A B C
2 A C B
3 B A C
4 B C A
5 C A B
6 C B A

Source: Section 16.1.1

Abbreviation: SD = single dose

Treatment A: 15 mg ertugliflozin (SD).

Treatment B: 100 mg sitagliptin (SD).

Treatment C: 15 mg ertugliflozin (SD) + 100 mg sitagliptin (SD) administered within 5 minutes of each other
with the ertugliflozin being administered first

(Source: Study P022/1033 CSR, Table 1)

PK Sampling Schedule

Blood samples for determination of sitagliptin and ertugliflozin concentrations were collected
from each subject predose, and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, and 72 hours post-
dose.

Results and Conclusions

A total of 12 subjects were assigned to and received study treatments and all of them completed
the study. Results indicated that, for both individual components, the systemic exposure remains
similar following the administration of FDC and each of the individual components alone,
suggesting no clinically meaningful PK interaction between ertugliflozin and sitagliptin (Figures
11 and 12, Tables 26-29).
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Figure 11. Median plasma ertugliflozin concentration-time profiles following a single oral dose of
ertugliflozin alone and co-administered with sitagliptin
(Source: Adapted from Figure 1 of Study P022/1033 CSR)

Table 26. Summary of plasma ertugliflozin PK parameters

Parameter Summary Statistics” for Ertugliflozin by Treatment

Parameter (unit) Ertuglifliozin 15 mng SD
Ertugliflozin 15 mg SD +Sitaggllpllu 100 m: SD

N.n 12,12 12,12
AUC jp¢ (ng-hr/mL) 1413 (26) 1445 (25)
AUC |5y (ng-hr/mL) 1385 (26) 1412 (24)
Coax (ng/mkL) 262.9 (25) 258.1(26)
Tonax (hr) 1.00 (1.00 - 3.00) 1.00 (0.500 - 2.10)
CL/F (mL/min) 177.0 (26) 173.1(25)
V./F (L) 181.4 (41) 203.3 (21)
ty, (hr) 12.63+5.15 14.17 £ 4.55

Source: Table 14.4.3.1.1.1

PK parameters are defined in Table 5.

Abbreviations: %CV = percent coefficient of variation: hr = hour(s); N = number of subjects in the
treatment group: n = number of subjects contributing to the summary statistics:

PK = pharmacokinetic(s): SD = single dose.

a. Geometric mean (geometric %CV) for all except: median (range) for Ty, arithmetic
mean + standard deviation for ty,.

(Source: Study P022/1033 CSR, Table 10)

Table 27. Statistical comparisons for plasma ertugliflozin PK parameters
PK parameters Geometric means GMR (%) (90% CI)

Ertugliflozin 15 mg Ertugliflozin 15 mg | (Test/Reference)

+ Sitagliptin 100 mg (Reference)

(Test)
AUCO-inf (h*ng/mL) | 1482 1455 101.89 (97.24, 106.76)
AUCO-t (h*ng/mL) 1449 1428 101.46 (97.06, 106.07)
Cmax (ng/mL) 258 262 98.18 (91.86, 104.94)

(Reviewer’s analysis)
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Figure 12. Median plasma sitagliptin concentration-time profiles following a single oral dose of
sitagliptin alone and co-administered with ertugliflozin
(Source: Adapted from Figure 4 of Study P022/1033 CSR)

Table 28. Summary of plasma sitagliptin PK parameters

Parameter (unit) Parameter Summary Statistics” for Sitagliptin by Treatment
Sitagliptin 100 mg SD Ertugliflozin 15 mg SD
+ Sitagliptin 100 mg SD
N.n 12. 12 12,12
AUC ¢ (uM-hr) 6.882 (21) 6.997 (20)
AUC 1 (uM-hr) 6.814 (21) 6.912 (21)
Cnax (NM) 792.0 (24) 805.3 (24)
T e (1) 2.00 (1.00-4.00) 3.00 (1.00-6.00)
CL/F (mL/min) 594 .4 (21) 584.4 (20)
Vz/F (L) 548.2(28) 579.3 (23)
ty, (hr) 11.00 = 2.89 11.79 = 2.98

Source: Table 14.4.3.1.1.2

PK parameters are defined in Table 5

Abbreviations: %CV = percent coefficient of variation: hr = hour(s): N = Number of subjects in the treatment

group: n = Number of subjects with reportable t;, and AUCs SD = single dose.

a. Geometric mean (geometric %CV) for all except: median (range) for Ty, arithmetic mean (% standard
deviation) for t...

(Source: Study P022/1033 CSR, Table 12)

Table 29. Statistical comparisons for plasma sitagliptin PK parameters
PK parameters Geometric means GMR (%) (90% CI)

Ertugliflozin 15 mg Sitagliptin 100 mg | (Test/Reference)

+ Sitagliptin 100 mg (Reference)

(Test)
AUCO-inf (h*ng/mL) | 7299 7192 101.48 (98.27, 104.79)
AUCO-t (h*ng/mL) 7214 7123 101.28 (98.04, 104.63)
Cmax (ng/mL) 814 792 101.65 (91.51, 112.91)

(Reviewer’s analysis)

33

Reference ID: 4136060



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

LEI HE
08/07/2017

MANOJ KHURANA
08/07/2017

Reference ID: 4136060



Office of Clinical Pharmacology Review

NDA Number

209806

Link to EDR

\\CDSESUBI\EVSPROD\NDA209806\209806.enx

Submission Date

12/19/2016

Submission Type

505(b)(2), Standard

Brand Name

Segluromet

Generic Name

Ertugliflozin and Metformin

Dosage Form and Strength

Film-coated tablets:

e Ertugliflozin 2.5 mg/ Metformin 500 mg
e Ertugliflozin 2.5 mg/ Metformin 1000 mg
e Ertugliflozin 7.5 mg/ Metformin 500 mg
o Ertugliflozin 7.5 mg/ Metformin 1000 mg

Route of Administration

Oral administration, BID

Proposed Indication

It 1s indicated as an adjunct to diet and exercise to
improve glycemic control in adults with type 2 diabetes
mellitus ©®

Limitations of Use:

e Not for treatment of type 1 diabetes mellitus or
diabetic ketoacidosis.

Applicant Merck
Associated IND IND 122329
OCP Review Team Lei He, Ph.D., Lian Ma, Ph.D., Manoj Khurana, Ph.D.

Reference ID: 4136058




Table of Contents

1. EXECUTIVE SUMMARY ....otiiiiiiitieie ettt ettt ete st esae e s seeseesaesseenseensesseensesnsens 3
1.1 RECOMMENAATIONS ......veeiiiiniieiiieeiie ettt ettt ettt et set e et e e s ateenbeeseeeenseenseesnbeenneas 3
1.2 Post-Marketing Requirements and COmMmMItments .............cocvevueeienienernieneeneenieneeneeeeneens 3

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT ......ccceooteiiiieiieierieeeenne 3
2.1 Summary of Important Clinical Pharmacology Findings ..........ccccceevvvieeiiieiiiieiieecieeee, 3
2.4 Summary of Labeling Recommendations............cceeeciiieiiiieniiieeciie e 4

3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW .....ccccciiiiiiiiiceeee 4
3.1 Overview of the Product and Regulatory Background .............ccccoeeeviiiiiiiiiiiiiniiiecieeee, 4
3.2 Clinical Pharmacology Review QUESLIONS........c..cccuieevieriieriienieeiieeeeeieeeveeieeeveeveeeneeneees 7

3.2.1 To what extent does the available clinical pharmacology information provide pivotal
or supportive evidence of effeCtiVENESS?.......cccuiieiiiieiieciecee e 7

3.2.2 How is the proposed to-be-marketed formulation linked to the clinical service
FOTrMUIAtIONT . ....iiiiiie ettt ettt ettt et 9

3.2.3 Is the proposed dosing regimen appropriate for the general patient population for
which the indication is being SOUGNt?.........c..cooviiiiiiiieiiece e 12

3.2.4 Is an alternative dosing regimen and/or management strategy required for
subpopulations based on INrinSic fACtOrS? ........ccuieiuieriiiiieiie e 12

3.2.5 Are there clinically relevant food effects and what is the appropriate management

] ¢ 1110 o OO PO P PR UPPPRRUPPRRPPRIN 12
3.2.6 Are there clinically relevant drug-drug interactions and what is the appropriate
MANAZEMENT STTATEZY 7 ...veeiniiieiiteeeit ettt ettt ettt e et e ettt e ettt e st e e sabteesabteesabeeesabeeenane 13
4. APPENDICES ...ttt ettt ettt et st sbe et e 15
4.1 Summary of Bioanalytical Method Validation and Performance.........c..cccccocevvvnincnnene 15
4.2 Individual Study REVIEW .....cc.eciiiiiiiiiiiiiiiiciecet ettt 17
2

Reference ID: 4136058



1. EXECUTIVE SUMMARY

Merck has submitted three NDA submissions in parallel seeking the marketing approval for
ertugliflozin tablets (5 mg and 15 mg) (NDA 209803), ertugliflozin/sitagliptin fixed-dose
combination (FDC) tablets @@ 5 mg/100 mg, @@ 15 mg/100 mg) (NDA
209805), ertugliflozin/metformin FDC tablets (2.5mg/500mg, 2.5mg/1000mg, 7.5mg/500mg,
7.5mg/1000mg) (NDA 209806) for the treatment of type 2 diabetes mellitus (T2DM) as adjunct
to diet and exercise therapy. The proposed dosing regimens for the three products are as below:

e Ertugliflozin tablets: 5 mg or 15 mg once daily (QD) with or without food

e Ertugliflozin/sitagliptin FDC tablets: up to 15 mg ertugliflozin/100 mg sitagliptin QD
dose with or without food

e Ertugliflozin/metformin FDC tablets: up to 7.5 mg ertugliflozin/1000 mg metformin
twice daily (BID) dose with meals

A comprehensive clinical program has been conducted to support the approval of ertugliflozin as
a stand-alone product, as well as ertugliflozin/sitagliptin and ertugliflozin/metformin FDCs,
including twenty-nine Phase 1 studies, two Phase 2 studies, and nine Phase 3 studies.

To support the application of ertugliflozin/metformin FDC, six clinical pharmacology studies
were submitted, including two bioequivalence (BE) studies, one PK interaction study, one food
effect study, two PK/PD studies, and four Phase 3 studies. Only the clinical pharmacology
studies will be reviewed in this review.

1.1 Recommendations

The Office of Clinical Pharmacology/Division of Clinical Pharmacology 2 (OCP/DCP2) has
reviewed NDA 209806 Clinical Pharmacology data submitted on December 19, 2016 and found
the results of submitted studies are acceptable to support approval. However, the final
determination of the approval will be made based on the efficacy/safety assessment of
ertugliflozin in NDA 209803.

1.2 Post-Marketing Requirements and Commitments
None

2. SUMMARY OF CLINICAL PHARMACOLOGY ASSESSMENT

2.1 Summary of Important Clinical Pharmacology Findings

Ertugliflozin is a sodium-glucose co-transporter 2 (SGLT2) inhibitor. Metformin hydrochloride
is an anti-hyperglycemic agent (AHA) that improves glucose tolerance in patients with T2DM by
lowering both basal and post-prandial plasma glucose (PPG).
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Six clinical pharmacology studies were submitted to support the application of
ertugliflozin/metformin FDC, including two bioequivalence (BE) studies, one PK interaction
study, one food effect study, two PK/PD studies.

e The Sponsor conducted one pivotal PK/PD study (Study P035/1051) in healthy subjects
and a model based meta-analysis (MBMA) to support the bridge between QD and BID
dosing regimen.

0 Following 6-day ertugliflozin administration with QD or BID dosing regimen, the
steady state exposure of ertugliflozin (AUCO0-24h) and PD (UGEO0-24h) are both
comparable between QD and BID dosing regimen.

0 Dose-response (UGE and HbA Ic¢) relationship of ertugliflozin indicated that, with
the same total daily dose of ertugliflozin, the proposed BID dosing regimens (2.5
mg BID and 7.5 mg BID) are expected to produce similar treatment effect as
compared to the QD dosing regimens (5 mg QD and 15 mg QD).

e Two BE studies were conducted to bridge the co-administered individual components
which was used in Phase 3 studies and the proposed highest (7.5 mg/1000 mg) and lowest
(2.5 mg/500 mg) strengths of ertugliflozin/metformin FDC tablets. Results indicated that
both strengths of the proposed ertugliflozin/metformin FDC tablet are bioequivalent to
co-administration of individual components. Regarding the other two strengths (7.5
mg/500 mg and 2.5 mg/1000 mg), the Sponsor has requested BE study waiver.

e The food effect on ertugliflozin/metformin FDC was evaluated in Study P028/1049 and
no clinically meaningful food effects were identified for both individual components.

e The PK interaction between individual components, ertugliflozin and metformin, was
evaluated in Study P019/1032. Results indicated that, for both individual components,
the systemic exposure remains unchanged with GMR and 90%CI within the 80-125%
limits following the administration of FDC and each of the individual components alone,
suggesting no clinically meaningful PK interaction between ertugliflozin and sitagliptin

2.2 Summary of Labeling Recommendations
Summary of labeling recommendation for different sections are listed below:

e Section 2: The proposed general dosing recommendations are acceptable. Dosing
recommendations for renal impaired patients depend on the efficacy/safety assessment of
ertugliflozin component in renal impairment subgroups in NDA 209803.

e Section 7: The proposed labeling statements are acceptable.

e Section 8: The labeling statements for hepatic impaired patients are acceptable. Dosing
recommendations for renal impaired patients depend on the efficacy/safety assessment of
ertugliflozin component in renal impairment subgroups in NDA 209803.

e Section 12.3: The labeling statements about the 0@ are
recommended to be removed.
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3. COMPREHENSIVE CLINICAL PHARMACOLOGY REVIEW

3.1 Overview of the Product and Regulatory Background

Merck has submitted three NDA submissions in parallel seeking the marketing approval for

ertugliflozin tablets (5 mg and 15 mg) (NDA 209803), ertugliflozin/sitagliptin FDC tablets ( @
O 5 mg/100 mg, @@ 15 mg/100 mg) (NDA 209805), ertugliflozin/metformin

FDC tablets (2.5mg/500mg, 2.5mg/1000mg, 7.5mg/500mg, 7.5mg/1000mg) (NDA 209806) for

the treatment of T2DM as adjunct to diet and exercise therapy.

Ertugliflozin is a new molecular entity under NDA 209803. Metformin is currently available in
the US market as GLUCOPHAGE (metformin) tablets (NDA 020357, by Bristol Myers Squibb),
GLUCOPHAGE XR (metformin) extended release tablets (NDA 021202, by Bristol Myers
Squibb), or as one component in JANUMET (metformin and sitagliptin) tablets (NDA 022044,
by Merck), JANUMET XR (metformin and sitagliptin) extended release tablets (NDA 202270,
by Merck), and many other products.

While ertugliflozin will be dosed QD, the ertugliflozin-metformin FDC will be dosed BID. The
applicant proposed a PK/PD study comparing the BID and QD ertugliflozin dose regimens (2.5
mg BID vs 5 mg QD and 7.5 mg BID vs 15 mg QD) in healthy subjects for bridging the two
dosing regimens of ertugliflozin. In the Pre-IND meeting requested on May 09, 2014, for
Question la regarding whether the proposed PK/PD study is sufficient for bridging the two
dosing regimens of ertugliflozin, the Agency provided responses that “Your approach to use
PK/PD study to bridge ertugliflozin once daily (g.d.) and twice daily (b.i.d.) dosing regimens
seems reasonable. Please submit any data you have linking the PD endpoint, urinary glucose
excretion (UGE), with the clinical endpoint, HbAlc. Also submit exposure-response analysis
evaluating relationship between ertugliflozin exposure and HbAlc response.”” The rationale to
accept the sponsor’s approach to use PK/PD study to bridge ertugliflozin QD and BID dosing
regimens was as below:

e “For canagliflozin sponsor conducted a trial comparing BID vs. placebo, results from
which were compared with QD in a cross-trial comparison. The review for this
application is completed (final regulatory decision pending) which concludes that
efficacy for canagliflozin is not lost when switching patients from QD to BID dosing
regimen.

e For dapagliflozin, a head-to-head comparison of QD vs. BID was conducted in a 16 week
study D1691C00003. The results for primary endpoint HbAlc are shown below, which
confirms that patients do not lose efficacy when switching from QD to BID dosing
regimen.

e Given the rich prior information demonstrating that efficacy for SGLT-2 inhibitors is
retained between QD and BID dosing regimen, we agreed to accept the sponsor’s
proposal of bridging based on just the steady state PK and PD (UGEO0-24 at steady state)
measurements.”

The Agency also concurred that the BE studies can be conducted in the fasted state and the food
effect study can be conducted with the highest strength FDC product. For more detailed
information, refer to the Clinical Pharmacology Review for IND 122329 by Dr. Zhihong Li
dated July 22, 2014.
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To support the application of ertugliflozin/metformin FDC, six clinical pharmacology studies
and four Phase 3 studies were submitted. Only the six clinical pharmacology studies as shown in
Table 1 will be reviewed in this review. Regarding Phase 3 studies, refer to the Clinical
Pharmacology Review for NDA 209803 by Drs Sury Sista and Lian Ma.

Table 1. Summary of Clinical Pharmacology Studies Supporting NDA 209805

Protocol Objective(s) Design Number of Dose and Formulations
No. Healthy
Subjects
P0O19/1032 Drug-Drug Open-label. N=18 15 mg ermigliflozin administered
Interaction randomized. (10 males/ as three 5 mg tablets
3-period, 8 females) 1000 mg metformin administered
G-sequence, as two 500 mg tablets
single-dose - =0
crossover 15 mg ertugliflozin administered
as three 5 mg tablets + 1000 mg
metformin administered as two
500 mg tablets
P040/1007 PK/PD Randomized, N=527 Ertugliflozin 1 mg tablet
qouble-_bhnd' (45 males/ 2 mg ertugliflozin administered as
Sponsor-open, 7 females) wo hl ne -—table ts
2 cohort, 2-period, mg )
2-way crossover 4 mg ertugliflozin administered as
four 1 g tablets
P035/1051 PK/PD Open-label. N=70 Ertugliflozin 2.5 mg tablet
multiple-dose, (51 males/ . .
randomized. 19 females) Ertugliflozin 5 mg tablet
2-period, 2-way 7.5 mg ertugliflozin administered
crossover as one 5 mg tablet + one 2.5 mg
tablet
15 mg ertugliflozin administered
as one 10 mg tablet + one 5 mg
tablet
P0O28/1049 Definitive food  Open-label. N=14 ertugliflozin 7.5 mg/metformin
effect randomized. (10 Males/ 1000 mg tablet
2-period, 4 Females)
2-sequence
Crossover,
single-dose
P027/1041 Bioequivalence Open-label. N=32 7.5 mg ertugliflozin administered
randomized. (26 Males/ as one 5 mg tablet + one 2.5 mg
2-period, 6 Females) tablet and US-sourced
2-sequence Glucophage® 1000 mg tablet
crossover, co-administered
single-dose ertugliflozin 7.5 mg/metformin
1000 mg FDC tablet
P0O50/1058 Bioequivalence Open-label. =32 2.5 mg ertugliflozin and
randomized, (29 Males/ US-sourced Glucophage® 500 mg
2-period. 3 Females) tablet co-administered
2-sequence . . .
cro ";10‘__;: ertuglitflozin 2.5 mg/metformin
. ; 500 mg FDC tablet
single-dose - =
P046/1054 Bioequivalence  Open-label, N=34 7.5 mg ertugliflozin administered
randomized, (20 Males/ as one 5 mg tablet + one 2.5 mg
2-period, 14 Females)  tablet and EU-sourced
2-sequernce Glucophage® 850 mg tablet
Crossover, co-adnunistered
single-dose ] . ‘ .
= ertugliflozin 7.5 mg/metformin
850 mg FDC tablet
P047/1055 Bioequivalence  Open-label, N=34 7.5 mg ertugliflozin admunistered

randomized,
2-period,
2-sequence
CIOSSOVer,
single-dose

(21 Males/
13 Females)

as one 5 mg tablet + one 2.5 mg
tablet and EU-sourced
Glucophage® 1000 mg tablet
co-administered

ertugliflozin 7.5 mg/metformin
1000 mg FDC tablet

(Source: Summary of Clinical Pharmacology Studies, Table 1)
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3.2 Clinical Pharmacology Review Questions

3.2.1 To what extent does the available clinical pharmacology information provide pivotal or
supportive evidence of effectiveness?

Four Phase 3 studies were conducted to support the efficacy and safety of
ertugliflozin/metformin FDC, including two placebo-controlled studies and two active-controlled

studies. For more detailed information, refer to the Clinical Pharmacology Review for NDA
209803 by Drs. Sury Sista and Lian Ma, and the Clinical Review by Dr. Frank Pucino.

The clinical pharmacology information has been provided to bridge the QD and BID dosing
regimen as well as the co-administration of individual components in Phase 3 studies and the
proposed FDC tablets.

Bridging QD (studied) vs. BID (proposed) dosing regimen

Given that Glucophage (metformin) immediate release formulation is recommended to be
administered BID, the ertugliflozin/metformin FDC has also been proposed to be given BID.
However, in Phase 3 studies, ertugliflozin was administered QD. Therefore, the QD dosing
regimen of ertugliflozin used in the Phase 3 clinical development program need to be bridged to
the proposed BID dosing regimen of ertugliflozin as a component of the ertugliflozin/metformin
FDC. As such, the Sponsor conducted one pivotal PK/PD study (Study P035/1051) and model
based meta-analysis (MBMA) to support bridging between QD and BID dosing regimen.

e PK/PD study (Study P035/1051)

This was a Phase 1, open-label, multiple-dose, randomized, 2-period, 2-way crossover
study in 3 cohorts in 70 healthy subjects. Eligible subjects received ertugliflozin 5 mg
QD and 2.5 mg BID (Cohort A and C) or 15 mg QD and 7.5 mg BID (Cohort B) for 6
days. Morning dose was administered after an overnight fast of at least 10 hours and
evening dose (for BID dosing regimen) was administered ~12 hours after the morning
dose and 1 hour before dinner. Results indicated that following 6-day ertugliflozin
administration with QD or BID dosing regimen, the steady state exposure of ertugliflozin
(AUCO0-24h) and PD (UGEO0-24h) were both comparable between QD and BID dosing
regimen (Table 2).

Table 2. Statistical comparisons for AUC0-24 and UGEQ-24 on Day 6 following QD and BID dosing
regimen
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Adjusted (Least-Squares) Geometric
Means
Parameter Comparison BID (Test) QD (Reference) Ratio (BID/QD) 90% CI for
(unit) (Test vs Reference) of Adjusted Ratio’
Means
AUC 5, Elmgl_iﬂoz_m 2.5mg BID vs 401.0 397.9 100.78 08.76, 102.83
(ngehr/mL) ertugliflozin 5 mg QD
Ertugliflozin 7.5 mg BID vs 1190 1193 99.73 97.08, 102.45
ertugliflozin 15 mg QD
UGEq14 () Ertugliflozin 2.5 mg BID vs 57.00 51.74 110.16 (102.96, 117.87)
ertugliflozin 5 mg QD
Ertugliflozin 7.5 mg BID vs 58.84 57.26 102.77 (97.69.108.12)
ertugliflozin 15 mg QD
"The ratios (and 90% CIs) are expressed as percentages.
AUC).24 = area under the plasma concentration-time curve from 0 to 24 hours: BID = twice daily: CI= confidence interval: QD = once
daily: UGE .54 = urinary glucose excretion during 24 hours.

Source: [Ref. 5.3.4.1: P035: Table 12] [Ref. 5.3.4.1: PO35: Table 15]
(Source: Clinical Overview-Ertugliflozin/Metformin FDC, Table 3)

Dose-response (UGE and HbA1c¢) relationship of ertugliflozin

The Sponsor has performed MBMA to quantify the link between the dose response
relationship for UGE in healthy subjects after multiple dose administration (steady-state)
and glycated hemoglobin (HbA1C) in T2DM patients in order to support the use of UGE
measured at steady-state in healthy subjects as a biomarker to predict HbA1C in T2DM
patients. An MBMA model has been developed using UGE or HbA1C data from 96
randomized placebo-controlled trials of SGLT2 inhibitors (canagliflozin, dapagliflozin,
empagliflozin, ipragliflozin or luseogliflozin) and 8 ertugliflozin studies. Of the 104
trials, 82 reported HbA 1C results and 29 reported UGE data.

The developed model has been identified to characterize the observed treatment effect for
UGE and HbAIC in ertugliflozin trials well and the treatment plateau of ertugliglozin
appears to be reached at the total daily dose of 5 mg and above (Figure 1). The ED50s
for UGE4 and HbA1C were estimated to be 0.75 mg and 1 mg, respectively, which are
both much lower as compared to the proposed total daily doses of 5 mg and 15 mg (Table
3). In addition, even assuming 2.5 mg and 7.5 mg was given as single dose
administration, ~75-80% and >90% of maximum response was expected to be achieved,
respectively, for both UGE and HbAIC. Therefore, with the same total daily dose of
ertugliflozin, the proposed BID dosing regimens (2.5 mg BID and 7.5 mg BID) are
expected to produce similar treatment effect as compared to the QD dosing regimens (5
mg QD and 15 mg QD).
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Figure 1. Estimated and observed dose response of UGE and HbAL1C in T2DM patients for
ertugliflozin trials

Note: Symbols represent observed effects and whiskers represent 95% Cls. Solid and dotted lines represent trial
specific and population estimates, respectively.

(Source: adapted from Figures 13 and 14 of Model-Based Meta Analysis Report)

Table 3. Estimated response (UGE,4, and HbA1C) achieved by 5 mg and 15 mg ertugliflozin

Ertugliflozin dose | UGE,4; (g) HbA1C(%)
ED50=0.75 mg ED50=1.0 mg
Emax=71.5¢g Emax=-0.77%

5 mg 62.5 -0.64

15 mg 68.9 -0.72

Bridging co-administration of individual components (studied) to the FDC tablets (proposed)
Since the co-administration of the corresponding doses of the individual components was used in
Phase 3 studies, two BE studies were conducted to bridge the co-administered individual
components and the proposed highest (7.5 mg/1000 mg) and lowest (2.5 mg/500 mg) strengths
of ertugliflozin/metformin FDC tablet. Results indicated that both strengths of the proposed
ertugliflozin/metformin FDC tablet are bioequivalent to co-administration of individual
components, which was used in Phase 3 studies. See Section 3.2.2 or Individual Study Review
for more information. Regarding the other two strengths (7.5 mg/500 mg and 2.5 mg/1000 mg),
the Sponsor has requested BE study waiver. For more detailed information, refer to the
Biopharmaceutics Review.

3.2.2 How is the proposed to-be-marketed formulation linked to the clinical service
formulation?

The proposed to-be-marketed product is ertugliflozin/metformin FDC tablet at four strengths of
2.5 mg/500 mg, 2.5 mg/1000 mg, 7.5 mg/500 mg, and 7.5 mg/1000 mg. However, in Phase 3
studies, the co-administration of the corresponding doses of the individual components,
ertugliflozin and Glucophage (metformin), was used. Therefore, two BE studies (Studies
P027/1041 and P050/1058) were conducted in healthy subjects to bridge the highest (7.5
mg/1000 mg) and lowest (2.5 mg/500 mg) strengths of the ertugliflozin/metformin FDC tablet
and co-administration of individual components. Results of BE studies indicated that both of the
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highest and lowest strengths of the proposed ertugliflozin/metformin FDC tablet are
bioequivalent to co-administration of individual components, which was used in Phase 3 studies
(see statistical analysis results for ertugliflozin 7.5 mg/metformin 1000 mg in Tables 4 and 5, for
ertugliflozin 2.5 mg/metformin 500 mg in Tables 6 and 7).

Regarding the other two strengths (7.5 mg/500 mg and 2.5 mg/1000 mg), the Sponsor has
requested BE study waiver. For more detailed information, refer to the Biopharmaceutics
Review.

Also note that the clinical facility has been requested to be inspected. The OSIS recommends
accepting data without an on-site inspection since the requested inspection site was classified as
NAI based on recent inspections. For more detailed information, refer to the OSIS memorandum
dated 04/17/2017.

Statistical Analysis Results for Ertugliflozin 7.5 mg/Metformin 1000 mg FDC tablet

Table 4. Ertugliflozin PK comparison following single oral dose administration of ertugliflozin 7.5
mg/metformin 1000 mg FDC tablet and co-administration of the individual components:
ertugliflozin 7.5 mg and metformin 1000 mg tablet under fasted conditions (Study P027/1041)

Adjusted (Least-Squares) Geometric Means Ratio
Ertugliflozin Ertugliflozin 7.5 mg + (Test/Reference) 90% CI
7.5 mg/Metformin Metformin 1000 mg (US) of Adjusted for Ratio
Parameter (unit) 1000 mg FDC (Test) COADM (Reference) Means”
AUC ¢ §1 5 52 - o s
(ng*hr/mL) 651.1 653.9 99.64 97.04. 102.30
AUC - - - -
- O, /. .05 .ol 2.87
(ngehr/mL) 638.0 63 100.0 97.31.102.8
Ca (ng/ml) 124.1 119.9 103.50 07.85. 109.47

Source: Table 14.4.3.3.1
PK parameters are defined in Table 5.
Values have been back-transformed from the log scale.
The model was a mixed effects model with sequence. period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values based on mixed effects model for ertugliflozin
AUC ¢ and Cp,,, were 6.22% and 13.3%. respectively.
Abbreviations: CI = confidence interval. COADM = co-administered. FDC = fixed dose combination.
hr = hour. PK = pharmacokinetic(s). US = United States.
a. The ratios (and 90% CIs) are expressed as percentages.
(Source: Study P027/1041 CSR, Table 10)

10

Reference ID: 4136058



Table 5. Metformin PK comparison following single oral dose administration of ertugliflozin 7.5
mg/metformin 1000 mg FDC tablet and co-administration of the individual components:
ertugliflozin 7.5 mg and metformin 1000 mg tablet under fasted conditions (Study P027/1041)

Adjusted (Least-Squares) Geometric Means Ratio
Ertugliflozin Ertugliflozin 7.5 mg + (Test/Reference) 90% CI
7.5 mg/Metformin Metformin 1000 mg (US) of Adjusted for Ratio
Parameter (unit) 1000 mg FDC (Test) COADM (Reference) Means”
AUC ¢ (ngehr/mL) 11230 11560 97.14 89.98, 104.87
AUC),,; (ngehr/mL) 10870 11130 97.72 91.31, 104.58
Cax (ng/mL) 1648 1661 99.20 92.06, 106.90

Source: Tables 14.4.3.3.2
PK parameters are defined in Table 5.
Values have been back-transformed from the log scale.
The model was a mixed effects model with sequence. period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values based on mixed effects model for metformin
AUCrand Cy., were 15.8% and 17.8%, respectively.
Abbreviations: CI = confidence interval: COADM = co-administered: FDC = fixed dose combination.
hr = hour. PK = pharmacokinetic(s). US = United States.
a. The ratios (and 90% CIs) are expressed as percentages.
(Source: Study P027/1041 CSR, Table 12)

Statistical Analysis Results for Ertugliflozin 2.5 mg/Metformin 500 mg FDC tablet

Table 6. Ertugliflozin PK comparison following single oral dose administration of ertugliflozin 2.5
mg/metformin 500 mg FDC tablet and co-administration of the individual components:
ertugliflozin 2.5 mg and metformin 500 mg tablet under fasted conditions (Study P050/1058)

Adjusted (Least-Squares) Geometric Means

Ratio
Ertugliflozin Ertugliflozin 2.5 mg + . oL [~
2.5 mg/Metformin Metformin 500 mg (US) (Tf}?ﬁ.ﬁ:tfge) fz?- ﬁa(t-iln

Parameter 500 mg FDC tablet Co-administration \ [eg‘ u's’
(units) (Test) (Reference) ) )
ALC‘?I 176.9 180.0 98.26 96.62. 99.94
(ng.hr/mL)
f'\UClast = -~ -
(ng.hr/mL) 165.3 167.6 98.62 96.82. 100.44
Cma.t 3 y 3 Eh) )
(ng/mL) 3494 34.86 100.22 94.76. 106.00

Source: Table 14.4.3.5.1
Abbreviations: CI= confidence interval, FDC = fixed dose combination. hr = hour, PK = pharmacokinetic(s).
US = United States.
The intra-subject variability values (sqrt[exp(MSE)-1]. where MSE is the mean square error) based on mixed
effects model for ertugliflozin AUC,.. AUC,,. and C,,,, were 0.0399, 0.0433 and 0.1327. respectively.
PK parameters are defined in Table 5.
a. The ratios (and 90% CIs) are expressed as percentages.
(Source: Study P050/1058 CSR, Table 10)
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Table 7. Metformin PK comparison following single oral dose administration of ertugliflozin 2.5

mg/metformin 500 mg FDC tablet and co-administration of the individual components:

ertugliflozin 2.5 mg and metformin 500 mg tablet under fasted conditions (Study P050/1058)
Adjusted (Least-Squares) Geomefric Means

Ratio
Ertugliflozin Ertugliflozin 2.5 mg + ) or

2.5 mg/Metformin Metformin 500 mg (US) (Tg}t/ﬁ}f&; l:lce) r?)?_ ﬁa(ﬁlo
Parameter 500 mg FDC tablet Co-administration Means®
(units) (Test) (Reference) i ;
AUCys - . 15 A
(ng.hr/mL) 6934 6717 103.24 96.16. 110.83

-

AL(‘?“ 6819 6794 100.36 93.28.107.98
(ng.hr/mL)
Canax 3 5 A€ 33 Q7
(ne/mL) 1030 1015 101.49 93.83.109.76

Source: Table 144352
Abbreviations: CI = confidence interval, FDC = fixed dose combination. hr = hour, PK = pharmacokinetic(s).
US = United States.
The intra-subject variability values (sqrt[exp(MSE)-1]. where MSE is the mean square error) based on mixed
effects model for metformin AUC;;. AUCy,,. and Cy,, Were 0.1495. 0.1737 and 0.1864. respectively.
PK parameters are defined in Table 5.
a. The ratios (and 90% CIs) are expressed as percentages.
(Source: Study P050/1058 CSR, Table 12)

3.2.3 Is the proposed dosing regimen appropriate for the general patient population for which
the indication is being sought?

Yes, the proposed dosing regimen is reasonable from a clinical pharmacology perspective.
Given that Glucophage (metformin) immediate release formulation is recommended to be
administered BID, the ertugliflozin/metformin FDC has also been proposed to be given BID with
meals, with gradual dose escalation for those initiating metformin to reduce the gastrointestinal
side effects due to metformin.

3.2.4 Is an alternative dosing regimen and/or management sitrategy required for
subpopulations based on intrinsic or extrinsic factors?

Per relevant information of ertugliflozin and Glucophage (metformin), no dosage adjustment of
the ertugliflozin/metgormin FDC is required based on age, body weight, gender, race, UGT1A9
polymorphism, and concomitant administration of drugs that impact the metabolism and/or
transport of ertugliflozin and metformin.

® @

®®@ " The final determination will depend on the efficacy/safety

assessment of ertugliflozin in NDA 209803.

For patients with mild or moderate hepatic impairment, although no dosage adjustment is
recommended for ertugliflozin component, the approved metformin labels recommend to avoid
the use of metformin in patients with clinical and laboratory evidence of hepatic disease, as the
usehas been associated with some cases of lactic acidosis. Therefore, the ertugliflozin/metformin
FDC is not recommended in patients with hepatic impairment. In addition, although food has no
clinically meaningful impact on the PK of ertugliflozin or metformin when administered as the
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FDC tablet, the ertugliflozin/metformin FDC should be administered BID with meals to reduce
the gastrointestinal adverse effects due to metformin.

3.2.5 Are there clinically relevant food effects and what is the appropriate management
strategy?

The food effect on ertugliflozin 7.5 mg /metformin 1000 mg FDC was evaluated in Study
P028/1049 and no clinically meaningful food effects were identified for both individual
components.

Study P028/1049 is a Phase 1, open-label, randomized, 2-period, 2-sequence single dose
crossover study in healthy subjects (n=14).

For ertugliflozin, following the administration of ertugliflozin 7.5 mg/metformin 1000 mg FDC
with high-fat, high-calorie breakfast, ertugliflozin AUCs are similar while Cmax was about 41%
lower compared to fasted condition (Table 8). Median Tmax was delayed from 1.5 hour to 2.5
hours in the presence of food. Mean terminal phase t1/2 for ertugliflozin remains similar, 11.18
hours and 12.10 hours for fasted and fed conditions, respectively.

For metformin, following the administration of ertugliflozin 7.5 mg/metformin 1000 mg FDC
with high-fat, high-calorie breakfast, metformin AUCs remains similar while Cmax was about
29% lower compared to fasted condition (Table 9). Median Tmax for metformin was delayed
from 2.25 hours to 4.00 hours in the presence of food. The mean terminal phase t1/2 for
metformin was 11.75 hours and 12.34 hours with and without food, respectively.

Table 8. Comparisons of plasma ertugliflozin PK following the single oral dose administration of
ertugliflozin 7.5 mg/metformin 1000 mg FDC under fasted and fed conditions
Adjusted Geometric Means

Ertugliﬂc:zin 7.5 mg/ Ertugliﬂo.zin 7.5 mg/ (Test /I;'::.::.eme) 90% CI
Metformin 1000 mg Metformin 1000 mg of Adjusted for Ratio
FDC-Fed (Test) FDC-Fasted Means®
Parameter (units) (Reference) )
AUC ¢ (ngehr/mL) 614.3 654.8 93.81 (90.09. 97.69)
AUC,,, (ngshr/mL) 599.6 639.5 93.75 (90.03. 97.63)
C s (ng/mL) 75.16 126.5 59.41 (51.06, 69.11)

Source: Table 14.4.3.3.1.1
PK parameters are defined in Table 5.
Values were back-transformed from the log scale.
The model was a mixed effects model with sequence, period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values (sqrt[exp(MSE)-1], where MSE is the mean
square error) based on mixed effects model for ertugliflozin AUC,., AUCy,,,, and C,,., were 0.0574, 0.0574, and
0.2186. respectively.
Abbreviations: CI = confidence interval; FDC = fixed dose combination; hr = hour (s);
PK = pharmacokinetic(s).
a. The ratios (and 90% CIs) are expressed as percentages.
(Source: Study P028/1049 CSR, Table 10)
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Table 9. Comparisons of plasma metformin PK following the single oral dose administration of
ertugliflozin 7.5 mg/metformin 1000 mg FDC under fasted and fed conditions

Adjusted Geometric Means

Ertugliflozin 7.5 mg/  Ertugliflozin 7.5 mg/ (Test/ll::;'ie(:'ence) 90% CI
Metformin 1000 mg Metformin 1000 mg of Adjusted for Ratio
FDC-Fed (Test) FDC-Fasted ileanq“
Parameter (units) (Reference) ) )
AUC,¢ (ngehr/mL) 11630 12530 92.82 (85.07. 101.26)
AUC),, (ng=hr/mL) 11740 12420 94.53 (86.97. 102.76)
Cax (ng/ml)) 1442 2040 70.68 (63.62, 78.51)

Source: Table 14.4.3.3.1.2

PK parameters are defined in Table 5.

Values were back-transformed from the log scale.

The model was a mixed effects model with sequence. period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values (sqrt[exp(MSE)-1], where MSE is the mean
square error) values based on mixed effects model for metformin AUC,; AUC,,.,. and C,, were 0.1175,
0.1190, and 0.1504, respectively.

Abbreviations: CI = confidence mterval; FDC = fixed dose combination; hr = hour(s);

PK = pharmacokinetic(s).
a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P028/1049 CSR, Table 12)

3.2.6 Are there clinically relevant drug-drug interactions and what is the appropriate

management Strategy?

The PK interaction between individual components, ertugliflozin and metformin, was evaluated
in Study P019/1032. This was a Phase 1, open-label, randomized, 3-period, 6-sequence single
oral dose crossover drug-drug interaction study to estimate the PK interaction between
ertugliflozin and metformin in 18 healthy volunteers. Results indicated that, for both individual
components, the systemic exposure remains unchanged with GMR and 90%CI within the 80-
125% limits following the administration of FDC and each of the individual components alone,
suggesting no clinically meaningful PK interaction between ertugliflozin and sitagliptin (Tables
10 and 11).

Table 10. Statistical comparisons for plasma ertugliflozin PK parameters following a single oral
dose of ertugliflozin alone and co-administered with ertugliflozin

Parameter (Units) Adjusted (Least-Squares) Geometric Means Ratio 90% CI
Ertuglifiozin 15mg  Ertuglifiozin 15mg  (Test/Reference) for Ratio
+ Metformin 1000 mg (Reference) of Adjusted Means”
(Test)
AUC¢ (ng/mL) 1380 1376 100.34 97.43,103.34
AUC,y (ngl/mL) 1367 1346 101.52 98.65. 104.48
C oy (ng/ml) 264.5 2723 97.14 88.77. 106.30

Source: Table 14.4.3.3.1

The intra-subject variability based on the statistical model for AUC,; and C,. were 0.0469 and 0.1552.
respectively.

AUC,,; = area under the plasma concentration-time profile from time 0 extrapolated to infinite time.
AUC,,,, = area under the plasma concentration-time profile from time 0 to the time of the last quantifiable
concentration (Ciuy). Caee = maximum observed plasma concentration.

CI = confidence interval.

a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P019/1032 CSR, Table 10)
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Table 11. Statistical comparisons for plasma metformin PK parameters following a single oral dose
of metformin alone and co-administered with ertugliflozin

Parameter Adjusted (Least-Squares) Geometric Means Ratio 90% CI
(Units) Ertugliflozin 15 mg + Metformin 1000 mg  (Test/Reference) for Ratio

Metformin 1000 mg (Reference) of Adjusted

(Test) Means"

Data excluded due to vomiting®
AUC ¢ (ng.vmL) 12490 12370 100.94 90.62. 112.44
AUC},, (ng.h/mL) 12270 12560 97.75 89.46. 106.82
C ey (ng/mL) 1835 1952 94.00 82.94, 106.55
All Data Included
AUC (ng./mL) 12490 12370 100.94 90.62.112.44
AUC,, (ng.ymL) 12270 12550 97.81 89.99, 106.31
C s (ng/mL) 1835 1983 92.52 81.99. 104.39

Source: Tables 14.4.3.3.2 and 14.43.3.3
The intra-subject variability based on the statistical model for AUC,s and Cy,, were 0.1365 and 0.2189,
respectively.
AUC, ;= area under the plasma concentration-time profile from time 0 extrapolated to infinite time.
AUC,,,; = area under the plasma concentration-time profile from time 0 to the time of the last quantifiable
concentration (Ciy). Cpa = maximum observed plasma concentration. CI = confidence interval.
a. The ratios (and 90% CIs) are expressed as percentages.
b.  Metformin 1000 mg treatment data for Subject 10011018 has been excluded due to vomiting. Only
AUC,,, and C,,, are affected since AUC,s was not reportable for this subject and treatment.
(Source: Study P019/1032 CSR, Table 12)
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4. APPENDICES

4.1 Summary of Bioanalytical Method Validation and Performance

Determinations of ertugliflozin and metformin in human plasma were performed using fully
validated high performance liquid chromatography-tandem mass spectrometry (HPLC-MS/MS)
assays. Regarding the bioanalytical method validation and performance for ertugliflozin, refer to
the Clinical Pharmacology Review for NDA 209803 by Dr. Sury Sista. The key descriptive
parameters of the bioanalytical assay for metformin measurement were summarized in Table 1.

The bioanalytical facilities have been requested to be inspected. The OSIS recommends
accepting data without an on-site inspection since the requested inspection site was classified as
NALI based on recent inspections. For more detailed information, refer to the OSIS memorandum
dated 04/17/2017.

Table 1. Summary of key descriptive parameters for metformin bioanalytical assay

Assay Conditions

Sample Storage Temperature
Extraction Method
Detection Method

Sample Aliquot Volume
Regression Weighting
Quantification

Calibration Range

ULOQ

LLOQ

Validation (VQC) Sample Concentrations

Pooled QC Samples: -20°C
Protein Precipitation
HPLC-MS/MS

50 uL

Linear, 1/conc’

Peak Area Ratios

2.00 to 1000 ng/mL

1000 ng/mL

2.00 ng/mL

2.00, 6.00,

60.0, 400, 800 ng/mL and 2000 (VS-DIL) ng/mL

Assay Performance

Intra-assay Validation (VQC) Sample Statistics
Precision (%CV)

Accuracy (%RE)

<4.4%
-2.3% 10 0.2%

Recovery
Mean Analyte Recovery
Mean Internal Standard Recovery

101.3%
101.8%

Selectivity
Matnx
Ionization Effects

Analyte Carryover

Reference ID: 4136058

6 out of 6 Human K>;EDTA Plasma Lots Passed
6 out of 6 Normal Human K;EDTA Plasma Lots
Passed

1 out of 1 Hyperlipidemic Human K;EDTA Plasma

lots passed

1 out of 1 Hemolyzed Human K,;EDTA Plasma lots

passed

=125%
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Stability
Prnimary Stock Solution

High Working Solution
Low Working Solution

Ambient Matrix Stability

Frozen Storage Matrix Stability Established at
Validation

Freeze/Thaw Matrix Stability

Extract Stability
Re-injection Reproducibility Stability
Whole Blood Stability

24 hours at room temperature (25£5°C)

106 days at -15°C

24 hours at room temperature (25£5°C)

106 days at -2°C to 8°C

24 hours at room temperature (25£5°C)

106 days at -2 to 8°C

23 .54 hours at 25°C in human K>EDTA plasma
212 days at -20°C and 104 days at -70°C

5 Cycles at -20°C and -80°C 1n human K>;EDTA
Plasma

65.7 hours at 10°C m human K;EDTA plasma

72.6 hours at 10°C 1 human K>;EDTA plasma
Stable after 3 hours at room temperature (25°C)
followed by centrifugation at both 4°C and ambient
conditions

Source: [Ref 5.3.1.4: 04GRSW]. [Ref 5.3.1.4: 04GRSS].

Abbreviations: %CV=percent coefficient of vanation; YoRE=percent relative error; Ko;EDTA=potassium
ethylenediaminetetraacetic acid; HPLC-MS/MS=High Performance Liquid Chromatography-Tandem Mass
Spectrometry; LLOQ=lower limit of quantification; QC=quality control: ULOQ=upper limit of
quantification; VQC=validation quality control; VS-DIL=validation sample — dilution QC.

(Source: Summary of biopharmaceutical studies and associated analysis methods-ertugliflozin/metformin FDC, Table 11)

Reference ID: 4136058
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4.2 Summary of Individual Studies

Study P019/1032 (PK Interaction Study)

Title: A Phase 1, Randomized, Open-Label, 3-Period, 6-Sequence Study to Estimate the
Pharmacokinetic Interaction between Ertugliflozin and Metformin in Healthy Subjects

Objectives:
e Primary: to estimate the effect of ertugliflozin on metformin PK and the effect of
metformin on ertugliflozin PK
e Secondary: safety and tolerability

Study Design

This was a Phase 1, open-label, randomized, 3-period, 6-sequence single oral dose crossover
drug-drug interaction study to estimate the PK interaction between ertugliflozin and metformin
in healthy volunteers. Each enrolled subject received 3 treatments (A, B and C) in a randomized
manner according to 1 of 6 sequences as outlined in Table as below. Subjects received the
assigned trial medication (Treatment A, B or C) in the morning of Day 1 in each period under
fasted condition. Dosing in each period was separated by a washout period of at least 5 days.

Table 2. Treatment sequence of Study P019/1032

Sequence Period 1 Period 2 Period 3
1 A B C
2 A C B
3 B A C
4 B cC A
5 C A B
6 C B A

Source: Section 16.1.1

Treatment A: 15 mg ertugliflozin (single dose).

Treatment B: 1000 mg metformin (single dose).

Treatment C: 15 mg ertugliflozin + 1000 mg metformin (single dose of each administered within 5 minutes of
each other).

(Source: Study P019/1032 CSR, Table 1)

PK Sampling Schedule
Blood samples for determination of metformin and ertugliflozin concentrations were collected
from each subject predose, and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 8, 12, 24, 48, and 72 hours post-dose.

Results and Conclusions

A total of 18 subjects were assigned to and received study treatments and all of them completed
the study. Results indicated that, for both individual components, the systemic exposure remains
similar following the administration of FDC and each of the individual components alone,
suggesting no clinically meaningful PK interaction between ertugliflozin and metformin (Figures
1 and 2, Tables 3-6).
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Figure 1. Median plasma ertugliflozin concentration-time profiles following a single oral dose of
ertugliflozin alone and co-administered with metformin
(Source: Adapted from Figure 1 of Study P019/1032 CSR)

Table 3. Summary of plasma ertugliflozin PK parameters

Parameter (units) Parameter Summaryv Statistics® by Treatment
Ertugliflozin 15 mg Ertugliflozin 15 mg
+ Metformin 1000 mg
N.n 18,17 18,17
AUC,; (ng.vmL) 1363 (24) 1388 (23)
AUC,,, (ng./mL) 1346 (23) 1367 (22)
C e (ng/mL) 272.3(24) 264.5(20)
Toex () 1.02 (1.00, 2.00) 1.29 (1.00, 3.00)
ty, () 11,79+ 2.34 13.48 = 4.65
CL/F (mL/min) 183.8(24) 180.0(23)
V./F(L) 183.7 (33) 201.7 (31)

Source: Table 14.4.3.1.1.1

AUC,,, = area under the plasma concentration-time profile from time 0 extrapolated to infinite time,

AUC,,, = area under the plasma concentration-time profile from time 0 to the time of the last quantifiable
concentration (Ciy), Coge = maximum observed plasma concentration, CL/F = apparent clearance, N = number
of subjects: n = number of subjects for t.,. AUC,,. CL/F and V/F, t,, = terminal half-life. T, = time for C,,.
V,/F = apparent volume of distribution.

a.  Geometric mean (geometric %CV) for all except: median (range) for Ty, arithmetic mean =SD for t,..

(Source: Study P019/1032 CSR, Table 9)

Table 4. Statistical comparisons for plasma ertugliflozin PK parameters

Parameter (Units) Adjusted (Least-Squares) Geometric Means Ratio 90% C1
Ertuglifiozin 15mg  Ertuglifiozin 15mg  (Test/Reference) for Ratio
+ Metformin 1000 mg (Reference) of Adjusted Means"
(Test)
AUCy (ng.vmL) 1380 1376 100.34 97.43,103.34
AUC,, (ngvmL) 1367 1346 101.52 08.65, 104.48
Cuax (ng/mL) 264.5 272.3 7.14 88.77. 106.30

Source: Table 14.4.3.3.1

The intra-subject variability based on the statistical model for AUC ¢ and C e were 0.0469 and 0.1552,
respectively.

AUC,,, = area under the plasma concentration-time profile from time 0 extrapolated to infinite time,
AUC,,,, = area under the plasma concentration-time profile from time 0 to the time of the last quantifiable
concentration (Cay). Cpax = maximum observed plasma concentration.

CI = confidence interval.

a.  The ratios (and 90% CIs) are expressed as percentages.
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(Source: Study P019/1032 CSR, Table 10)
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Figure 2. Median plasma metformin concentration-time profiles following a single oral dose of
metformin alone and co-administered with ertugliflozin
(Source: Adapted from Figure 4 of Study P019/1032 CSR)

Table 5. Summary of plasma metformin PK parameters

Parameter (Units) Parameter Summary Statistics® by Treatment
Metformin 1000 mg Ertuglifiozin 15 mg + Metformin 1000 mg
N.n 18,13 18,13
AUC,¢ (ng./mL) 12770 (27) 12260 (27)
AUC),, (ng.vmL) 12550 (26) 12270 (23)
Caax (ng/mL) 1983 (26) 1835 (26)
T () 2.00 (0.50, 4.00) 2.00(1.00, 3.00)
ty (h) 10.23+£2.39 14.47 £6.94
CL/F (mL/min) 1305 (27) 1359 (26)
V/F (L) 1126 (43) 1577 (51)

Source: Table 14.4.3.1.1.2

AUC ¢ = area under the plasma concentration-time profile from time 0 extrapolated to infinite time,

AUC,,., = area under the plasma concentration-time profile from time 0 to the time of the last quantifiable
concentration (Cpy), Cope = maximum observed plasma concentration, CL/F = apparent clearance, N = number
of subjects: n = number of subjects for t,;, AUC,,;, CL/F and V,/F. t,, = terminal half-life, T, = time for Cy.
V,/F = apparent volume of distribution.

a. Geometric mean (geometric %CV) for all except: median (range) for T, arithmetic mean =SD for t...

(Source: Study P019/1032 CSR, Table 11)

Table 6. Statistical comparisons for plasma metformin PK parameters

20

Reference ID: 4136058



Parameter Adjusted (Least-Squares) Geometric Means Ratio 90% CI
(Units) Ertuglifiozin 15mg+  Metformin 1000 mg  (Test/Reference) for Ratio

Metformin 1000 ing (Reference) of Adjusted

(Test) Means®

Data excluded due to vomiting”
AUCy (ng.h/mL) 12490 12370 100.94 90.62, 112.44
AUC,,; (ng.vVmL) 12270 12560 97.75 89.46, 106.82
C e (ng/mL) 1835 1952 94.00 82.94. 106.55
All Data Included
AUC ¢ (ng.h/mlL) 12490 12370 100.94 90.62.112.44
AUCy,, (ng.v/mL) 12270 12550 97.81 89.99, 106.31
C oy (ng/ml) 1835 1983 92.52 81.99, 104.39

Source: Tables 14.4.3.3.2and 14.4.3.3.3

The intra-subject variability based on the statistical model for AUC,,; and C g,y were 0.1365 and 0.2189,

respectively

AUC, .= area under the plasma concentration-time profile from time 0 extrapolated to infinite time,
AUC,,,, = area under the plasma concentration-time profile from time 0 to the time of the last quantifiable

concentration (Cyy). Coae = maximum observed plasma concentration. CI = confidence interval.

a. The ratios (and 90% CTs) are expressed as percentages.

b.  Metformin 1000 mg treatment data for Subject 10011018 has been excluded due to vomiting. Only
AUC,,,, and C,, are affected since AUC,, was not reportable for this subject and treatment.

(Source: Study P019/1032 CSR, Table 12)

Study P040/1007 (PK/PD Study)

Title: A Phase 1, Randomized, Double-Blind, Placebo-Controlled, 2-Period, Cross-Over Single
Day Evaluation of the Pharmacokinetic-Pharmacodynamic Effect of Once and Twice Daily Oral
Administration of PF-04971729 in Patients with Type 2 Diabetes Mellitus

Objectives:

e To evaluate the PD effects of single day dosing of 2 mg and 4 mg doses of PF-04971729
each administered once and split into twice daily dosing in adults with T2DM

e To characterize the safety and tolerability of PF-04971729

e To characterize PK of PF-04971729

e To investigate the relationship of PK and PD of PF-04971729

Study Design

This was a randomized, double-blind, sponsor-open, 4-arm study using 2 cohorts and 2-way
crossover. Each subject was randomized to receive 2 of the planned 4 dosing regimens. For
each subject, the study included a total of 2 outpatient visits (ie, Screening and Follow-up) to the
study center as well as 2 inpatient stays, each lasting 2 overnight days. Dosing between the 2
periods was separated by a washout of >7 days. Total participation in the study for each subject,

excluding Screening, was approximately 3 weeks.

Reference ID: 4136058
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Period 1 Period 2

Inpatient Inpatient
Stay Washout of > 7-days Stay
between Day 1 dosing in
Cohort1& 2 the 2 periods
(n=26/cohort)
Day 0 Day 0
Screening Visit (evening) . (evening) N Follow-Up
(< 28-days prior to 1% dose) Day 1 Day 2 Day 1 Dav 2 (2 7 days post
ay ay last dose)
(morming) (morning)

*represents dosing day with drug/placebo administered in AM and PM to maintain double-blind
A

Lt ~
Period 1 Period 2
Cohort S Washout
ohol equence (AM/ PM) Dose (mg) ashou (AN /Pa) Dowe fing)
1 r
(n=13 subjects) 2mg / Placebo 1mg/ 1mg
1 > 7-days
2 '
(n=13 subjects) 1mg / 1mg 2mg / Placebo
1
(n=13 subjects) 4mg / Placebo 2mg / 2mg
2 5 = 7-days
2mg /2 4mg / Placebo
(n=13 subjects) mg /.2mg mg / Flace

Figure 3. Overall Study Design
(Source: Study P040/1007 CSR, Figure 1)

PK and PD sampling schedule
PK sampling: blood samples were collected predose and at 0.5, 1, 2, 3,4, 5,5.5,6, 7, 8, 10, 12,
18, 24 hours post-dose in each period.

PD sampling:

e For urine glucose: Urine collected during windows of 0-4, 4-8, 8-12, and 12-24 hours
relative to AM dose with forced voids before start and at the end of each window in each
period.

e For plasma glucose: blood samples were collected predose and at 0.5, 1, 2, 3,4, 5, 5.5, 6,
7,8,10,12,12.5, 13, 14, 15, 16, 18, 24 hours post-dose in each period.

e For analysis of C-peptide: blood samples were collected predose and at 24 hours post-
dose.

Results and Conclusions
Overall, 52 subjects (26 per cohort) were enrolled at 4 study centers to ensure that a minimum of
44 subjects (22 per cohort) completed the study.

PK:

The PK of PF-04971729 was assessed following QD administration and split into twice-daily
administration (0 and 5 hours, described as BID or split dosing). All PK parameter calculations
were performed using actual times relative to the AM dose. Following split dosing (BID) of PF-
04971729, peak plasma PF-04971729 concentrations generally occurred after the second dose,
with a median Tmax of 6 hours for split dosing as compared to 1 hour for QD dosing. Peak
concentration for split dosing was ~30% lower than that observed in the QD dose, with
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geometric mean Cmax values of 19.51 ng/mL and 34.80 ng/mL for 1 mg and 2 mg BID doses,
respectively, as compared to 26.98 ng/mL and 50.83 ng/mL for 2 mg and 4 mg QD doses,
respectively. However, total PF-04971729 exposure following split dose and QD dose was
comparable, as supported by nearly identical geometric mean AUClast values for equivalent total
doses (Figure 4 and Table 7).

g
=

—_—

PLASMA PFF-D4371728 Conc (NG WL

Nemiral Time Poat Does (HR)

Treatment Group: ¥+ PF—04971729 1 mg BID M8 PF—04971729 2 mg QD
EI88 PF—o4a717249 2 tng BIO 000 PF_D4971720 4 mg QD

Figure 4. Median Plasma PF-04971729 PK Concentration-Time Plot (Linear Scale)
(Source: Study P040/1007 CSR, Figure 3)

Table 7. Summary of Plasma PF-04971729 PK Parameter Following QD and BID Dosing

Parameter. Units Parameter Summary Statistics” by PF-04971729 Treatment

) Cohort 1 Cohort 2
Treatment 1 mg BID 2mg QD 2 mg BID 4 mg QD
Total Dose 2 mg 2 mg 4 mg 4 mg
N.n 25.25 26. 26 26. 25 26. 26
AUC 1. ngehr/mL 131.8 (26) 132.7 (28) 272 (19) 270.5 (20)
Copx . Ng/mL 19.51 (39) 26.98 (37) 34.80(23) 50.83 (25)
Ty, br 6.00 (0.500-12.0) 1.00 (0.500-5.50) 6.00 (0.500-8.00) 1.00 (0.500-6.00)

Source: Table 14.4.3.1
Abbreviations: AUC,,; = area under the plasma concentration-time profile from time 0 to the time of the last quantifiable
concentration (Cpg). BID = twice daily. Cpp = maxinnun observed plasma concentration. %CV = percent coefficient of
variation, hr = hour(s). N = Number of subjects, n = number of subjects where AUC,,; was determined. QD = daily. Ty, =
time for Cpax

Geometric mean (%CV) for all except median (range) for T,,..

(Source: Study P040/1007 CSR, Table 25)

PD
Overall, PD effects (UGE, plasma glucose, and C-peptide) were similar for all treatment groups
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following single day dosing of 2 mg and 4 mg doses of PF-04971729 administered QD or split
into BID dosing in adults with T2DM (Tables 8-10).

Table 8. Statistical Summary of Cumulative Urinary Glucose Excretion (Grams) Over 0 to 24

Hours
Time Post Dose Treatment N Least Squares Mean 90% CI (%)
Mean | SE

Cohort 1

0 to 24 hours PF-04971729 1 mg BID 25 69.45 9.08 (54.20, 84.70)
PF-04971729 2 mg QD 25 70.43 9.08 (55.19, 85.68)

Cohort 2

0 to 24 hours PF-04971729 2 mg BID 24 78.29 9.77 (61.87, 94.72)
PF-04971729 4 mg QD 24 80.54 9.81 (64.05. 97.02)

Source: Table 14.2.1.4
Abbreviation: BID = twice daily. CI = confidence interval. N = number of subjects. QD = daily. SE = standard of error
(Source: Study P040/1007 CSR, Table 21)

Table 9. Summary of Weighted Mean Plasma Glucose (mg/dL) Over 0 to 24 Hours

Parameter PF-04971729 PF-04971729 PF-04971729 PF-04971729

1 mg BID 2 mg QD 2 mg BID 4 mg QD
N 23° 25° 23° 24°
Arithmetic mean 173.6 175.7 169.1 170.4
Standard deviation 26.94 29.88 35.91 41.26
Coefficient of variation (%) 16 17 21 24
Median 165.6 176.8 163.1 166.7
Minimum 128.2 123.3 99.8 104.8
Maximum 226.5 231.7 235.6 253.7
Source: Table 14.2.2.

Abbreviations: BID = twice daily, N = number of subjects, QD = daily

* Two subjects (10021008 and 10021012) did not have mean plasma glucose over 0 to 24 hours.

> One subject (10021010) did not have mean plasma glucose over 0 to 24 hours.

¢ Three subjects (10011051, 10011052, and 10021007) did not have mean plasma glucose over 0 to 24 hours.
¢ One subject (10021026) did not have mean plasma glucose over 0 to 24 hours.

(Source: Study P040/1007 CSR, Table 23)

Table 10. Summary of serum C-peptide (ng/mL)

PF-0497172% 1 mg BID PF-04971729 2 mg QD PF-04971729 2 mg BID PF-04971729% 4 mg QD
(N=25) (N=2¢) (N=26) (N=26)
0H N 25 26 26 26
Arithmetic Mean 2.82 76 2.36 2.57
Standard Deviation 0.873 0.877 0.899 0.842
Coefficient of Variation (%) 31 3 38 33
Median 3.0 T 2.3 -4
Minimum 1.3 .8 0.8 1.1
Maximum 5.4 5.1 4.7 4.8
24 H N 25 26 24 26
Arithmetic Mean 3.01 2.99 2.59 2.4
Standard Deviation 1.148 0.997 0.91¢ 0.973
Coefficient of Variation (%) 38 33 40
Median 3.0 2.9 2.4 2.3
Minimum 1.5 1.3 .2 1.0
Maximum 6.6 5.6 4.8 5.3

(Source: Study P040/1007 CSR, Table 14.2.4.1)
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Study P035/1051 (pivotal PK/PD Study)

Title: An Open-Label, Randomized, 2-Period, Crossover, Steady State Evaluation of the
Pharmacokinetics and Pharmacodynamics of Once Daily and Twice Daily Oral Administration
of Ertugliflozin in Healthy Subjects

Objectives:
e Primary:
0 To demonstrate equivalence of exposure (AUC24h) on Day 6 of ertugliflozin
= at total daily dosing of 5 mg when administered QD vs. BID in healthy
subjects (5 mg QD and 2.5 mg BID)
= at total daily dosing of 15 mg when administered QD vs. BID in healthy
subjects (15 mg QD and 7.5 mg BID)
0 To demonstrate similar steady state PD effect (UGEO0-24) of ertugliflozin
= at total daily dosing of 5 mg when administered QD vs. BID in healthy
subjects (5 mg QD and 2.5 mg BID)
= at total daily dosing of 15 mg when administered QD vs. BID in healthy
subjects (15 mg QD and 7.5 mg BID)

e Secondary: safety and tolerability

Study Design

This was a Phase 1, open-label, multiple-dose, randomized, 2-period, 2-way crossover study in 3
cohorts. Approximately 60 (20 per cohort) healthy subjects were planned to be enrolled in the
study.

In Cohorts A and C, each subject received ertugliflozin 5 mg QD and 2.5 mg BID for 6 days. In
Cohort B, each subject received ertugliflozin 15 mg QD and 7.5 mg BID for 6 days. Cohorts
were enrolled and analyzed independently and subjects were assigned to 1 of the 2 sequences
within a cohort as outlined in Table 11 as below. Eligible subjects received the assigned study
medication in either the morning or the morning and evening (as applicable) on Days 1 to 6.
Morning dose was administered after an overnight fast of at least 10 hours. Evening dose (for
BID dosing regimen) was administered approximately 12 hours after the morning dose and 1
hour before dinner.

Table 11. Treatment Sequence

od " b
Cohort Sequence El'l:slllti)golziu Washout Erl:lf;:lci’;llo-zin
. 1 (N=10) 5mg QD 2.5 mg BID
AandC 2(N=10) 2.5 mg BID o day 5 mg QD
5 1 (N=10) 15mg QD =/ aqays 7.5 mg BID
2(N=10) 7.5 mg BID 15 mg QD

Source: Section 16.1.1
Abbreviations: BID = twice daily: N = number of planned subjects for each treatment sequence: QD = once
daily.
a. For each cohort. all subjects received the assigned study medication in each period for 6 days.
(Source: Study P035/1051 CSR, Table 1)
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PK and PD sampling schedule

PK sampling for ertugliflozin measurement: In each period, blood samples were collected
predose on Days 4, 5, 6, and at 0.5, 1, 2, 3, 4, 8, 10, 12, 12.5, 13, 14, 15, 16, 20, 24 hours post-
dose.

PD sampling:
e For plasma glucose: blood samples were collected predose and at 1, 2, 5, 6, 12, 13, 14, 24
hours post-dose on Day 6 in each period.
e For urine glucose: Urine collected during windows of 0-4, 4-8, 8-12, and 12-24 hours
post-morning dose on Day 6 in each period.

Results and Conclusions

A total of 70 subjects were assigned to and received at least 1 dose of study medication. 8
additional subjects were enrolled in Cohort B and 2 additional subjects were enrolled in Cohort
C. 3 subjects (1 from Cohort B and 2 from Cohort C) discontinued from the study due to
protocol deviation, personal reasons, or adverse event (not related to study medication).

PK results:

Following oral administration of ertugliflozin 2.5 mg BID and 5 mg QD for 6 days, the
geometric mean AUC24 was similar for both BID and QD treatments, whereas the geometric
mean Cmax after the morning dose was higher for the QD treatment than BID treatment. Also, the
geometric mean Cmax for 2.5 mg BID treatment after the morning dose was slightly higher than

the evening dose. Median Tmax following the morning dose was 1.00 hour for both treatments,
2.5 mg BID and 5 mg QD (Figure 5 and Tables 12, 13).

Similarly, following oral administration of ertugliflozin 7.5 mg BID and 15 mg QD for 6 days,
the geometric mean AUC24 was similar for both BID and QD treatments, whereas the geometric
mean Cmax after the morning dose was higher for the QD treatment than that for the BID
treatment. Also, the geometric mean Cmax for 7.5 mg BID treatment after the morning dose was
slightly higher than the evening dose. Median Tmax following the morning dose was 1.00 hour
for both treatments, ertugliflozin 7.5 mg BID and 15 mg QD (Figure 5 and Tables 12, 13).
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Figure 5. Median Plasma Ertugliflozin Concentration-Time Profiles on Day 6 Following Multiple
QD or BID Oral Doses
(Source: Study P035/1051 CSR, Figure 1)

Table 12. Summary of Plasma Ertugliflozin PK on Day 6

Parameter Summary Statistics® by Treatment

Parameters Ertugliflozin Ertugliflozin Ertugliflozin Ertugliflozin
(units) 7.5 mg BID Cohort B 15 mg QD Cohort B | 2.5 mg BID Cohort C 5 mg QD Cohort C
N.n 27,26 28, 28 22,20 22,22
AUCy 1192 (20) 1193 (22) 399.2(18) 397.9(18)
(ngehr/mL)

C o (ng/mL) 154.2 (20) 268.2(20) 47.49 (25)° 81.27(29)
Tinax (hr) 1.00 (0.500. 2.02) 1.00 (0.500. 2.07) 1.00 (0.500, 1.10)° 1.00 (0.500. 2.05)
C o (ng/mL) 140.1 (21) NA 42.81(28) NA

T (1) 1.00 (1.00, 2.00) NA 2.00(1.00, 2.10) NA

Source: Table 14.4.3.1.1

PK parameters are defined in Table 5.

Abbreviations: %CV = percent coefficient of variation: BID = twice daily: hr = hour(s): N = number of
subjects for the treatment: n = number of subjects contributing to summary statistics: NA = not applicable:
PK = pharmacokinetic: QD = once daily.

a. Geometric mean (geometric %CV) for all except: median (range) for Ty

b. Twenty-one (21) subjects were included in summary statistics for C, and Tp.y.

(Source: Study P035/1051 CSR, Table 11)

Table 13. Comparisons of Plasma Ertugliflozin AUC24 on Day 6
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Adjusted
(Least-Squares)
Geometric Means Ratio (BID/QD)

Parameter Comparison BID QD of Adjusted 90% CI
(Unit) (Test vs. Reference) (Test) (Reference) Means" for Ratio
AUC,4 Ertugliflozin 2.5 mg BID 401.0 397.9 100.78 98.76. 102.83
(ngshr/mL) vs. ertugliflozin 5 mg QD

Ermgliflozin 7.5 mg BID 1190 1193 99.73 97.08.102.45

vs. ertugliflozin 15 mg QD

Source: Tables 14.4.3.3.1 and 14.4.3.3.2

AUC,, is defined in Table 5.

The intra-subject variability values (sqrt [exp {MSE}-1]) based on mixed effects model for ertugliflozin
AUC,, for 2.5 mg BID vs. 5 mg QD (Cohort C) and 7.5 mg BID vs. 15 mg QD (Cohort B) were 0.0367 and
0.0569, respectively.

Abbreviations: BID = twice daily: CI = confidence interval: hr = hour(s): MSE = mean square error:

QD = once daily: vs. = versus.

a. The ratios (and 90% Cls) are expressed as percentages.

(Source: Study P035/1051 CSR, Table 12)

PD results

The mean UGE over the intervals of 0 to 6, 6 to 12, 12 to 18, and 18 to 24 hours was comparable
between the QD and BID treatments (Figure 6 and Table 14). Results of the statistical
comparisons for UGE-24 indicated that the UGE0-24 at steady state was similar between
ertugliflozin BID and QD administration of total daily dosing of 5 mg (5 mg QD and 2.5 mg

BID) as well as 15 mg (15 mg QD and 7.5 mg BID) (Tables 15, 16).

Note that included in the primary statistical analysis were UGE0-24 values obtained from all the
subjects in Cohorts B and C who consumed 100% of the meals (breakfast, lunch, dinner, and
snack) on Day 6 in at least 1 period and there was no deviation in the type of meals offered.
Included in the secondary statistical analysis were UGE0-24 values obtained from all the
subjects in Cohorts B and C who consumed 100% of the meals (breakfast, lunch, dinner, and
snack) on Day 6 in both periods and there was no deviation in the type of meals offered.
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Figure 6. Individual and Arithmetic Mean UGE (g) vs. Time Intervals for QD and BID Treatments
(Source: Study P035/1051 CSR, Figure 5)

Table 14. Descriptive Summary of UGE (g) by Time Intervals — Primary Analysis

Collection Ertuglifiozin  Ertuglifiozin | Ertugliflozin  Ertugliflozin
Interval 7.5 mg BID 15 mg QD 2.5 mg BID 5 mg QD
Cohort B Cohort B Cohort C Cohort C

0 to 6 hours N 21 23 20 20
Arithmetic Mean 15.76 17.03 15.76 16.39
2CV 28 26 29 26

6 to 12 hours N 21 23 20 20
Arithmetic Mean 15.41 16.04 15.02 15.24
2% CV 39 30 48 26

12to 18 howrs N 21 23 20 20
Arithmetic Mean 18.21 16.36 17.76 15.34
2%CV 31 35 26 26

I8to24 howrs N 21 23 20 20
Arithmetic Mean 11.38 10.27 10.87 7.78
2%CV 28 33 27 43

Source: Table 14.4.7.1.1
Abbreviations: BID = twice daily: %CV = percent coefficient of variation: N = number of subjects:
QD = once daily; UGE = urinary glucose excretion.

(Source: Study P035/1051 CSR, Table 13)

Table 15. Descriptive Summary of UGEQ-24 (g) and IGRA (%)
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Ertuglifiozin  Ertuglifiozin | Ertuglifiozin  Ertugliflozin
7.5 mg BID 15 mg QD 2.5 mg BID 5 mg QD
Parameters (units) Cohort B Cohort B Cohort C Cohort C
Primary Analysis
UGEq24 (g) N 21 23 20 20
Geometric Mean 58.58 57.63 57.09 52.46
%CV 28 28 31 34
IGRA (%0) N 21 23 20 20
Arithmetic Mean 42.01 40.56 40.26 38.48
2%CV 26 26 27 29
Secondary Analysis
UGEj24 (g) N 18 18 18 18
Geometric Mean 59.01 57.32 58.25 52.94
%CV 29 29 32 33
IGRA (%0) N 18 18 18 18
Arithmetic Mean 43.16 41.23 40.79 38.76
%CV 26 28 27 26

Source: Tables 14.4.7.1.3.1.1. 14.4.7.1.3.1.2. 144.73.1 and 14.4.7.3.2

Pharmacodynamics parameters are defined in Table 6.

Abbreviations: BID = twice daily: %CV = percent coefficient of variation: N = number of subjects:
QD = once daily.

(Source: Study P035/1051 CSR, Table 14)

Table 16. Statistical Summary of Treatment Comparisons for UGEOQ-24 (g) on Day 6
Adjusted
(Least-Squares)
Geometric Means Ratio (BID/QD)

Parameter  Comparison BID QD of Adjusted 920% CI
(Unit) (Test vs. Reference) (Test) (Reference) Means® for Ratio
Primary Analysis
UGEj.4 (2)  Ermugliflozin 2.5 mg BID vs.  57.00 51.74 110.16 (102.96, 117.87)
ertugliflozin 5 mg QD
Ermugliflozin 7.5 mg BID vs.  58.84 57.26 102.77 (97.69, 108.12)

ertugliflozin 15 mg QD
Secondary Analysis

UGEj» (g)  Ertugliflozin 2.5 mg BID vs.  58.25 52.94 110.03 (102.80, 117.76)
ertugliflozin 5 mg QD
Ertugliflozin 7.5 mg BID vs.  59.01 57.32 102.95 (97.80, 108.37

ertugliflozin 15 mg QD
Source: Tables 14.4.7.1.4.1.1. 144.7.1.4.1.2, 144.7.1.42.1 and 14.4.7.1.4.2.2
UGE,.»4 1s defined in Table 6.
The model was a mixed effect model with sequence. period and treatment as fixed effects and subject within
sequence as a random effect.
Values were back-transformed from the log scale.
The intra-subject variability values (sqit [exp {MSE}-1]) based on mixed effects model for ermgliflozin
UGE,.,4 for 2.5 mg BID vs. 5 mg QD (Cohort C) and 7.5 mg BID vs. 15 mg QD (Cohort B) were 0.1172
and 0.0881. respectively.
Abbreviations: BID = twice daily: CI = confidence interval: MSE = mean square error: QD = once daily:
VS. = Versus.
a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P035/1051 CSR, Table 15)

Study P028/1049 (Food Effect Study)

Title: A Phase 1, Single Dose, Randomized, Open-Label, Crossover Study to Estimate the Effect
of Food on the Pharmacokinetics of Ertugliflozin and Metformin When Administered as a Fixed
Dose Combination Tablet to Healthy Subjects

Objectives:
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e Primary: To estimate the effect of food on the PK of ertugliflozin and metformin
following administration of the ertugliflozin 7.5 mg/metformin 1000 mg FDC tablet
e Secondary: safety and tolerability

Study Design

This was a Phase 1, open-label, randomized, 2-sequence, 2-period single dose crossover study to
evaluate the effect of food on the PK of ertugliflozin and metformin following administration of
the ertugliflozin 7.5 mg/metformin 1000 mg FDC tablet to healthy subjects. Each subject
received 2 treatments in a randomized manner as outlined in Table 17. Dosing in each period
was separated by a washout period of at least 7 days.

Table 17. Treatment sequence in Study P028/1049

Sequence Period 1 Period 2
IL(N=T) ERTU/MET-Fasted ERTU/MET-Fed
2(N=T) ERTU/MET-Fed ERTU/MET-Fasted

Source: Section 16.1.1
ERTU/MET-Fasted: ertugliflozin 7.5 mg/metformin 1000 mg FDC tablet. single dose under fasted
conditions (Reference)
ERTU/MET-Fed: ertugliflozin 7.5 mg/metformin 1000 mg FDC tablet. single dose under fed conditions
(Test)

(Source: Study P028/1049 CSR, Table 1)

ERTU/MET-Fasted: After an overnight fast of at least 10 hours, subjects were dosed with 1 FDC
tablet containing ertugliflozin 7.5 mg/metformin 1000 mg with ~240 mL of ambient temperature
water.

ERTU/MET-Fed: After an overnight fast of at least 10 hours, subjects were administered a
standard high-fat (approximately 50% of total caloric content of the meal), high-calorie
(approximately 800 to 1000 calories) breakfast ~30 minutes prior to administration of 1 FDC
tablet containing ertugliflozin 7.5 mg/metformin 1000 mg. The entire breakfast was consumed
within ~25 minutes or less. The FDC tablet was administered with ~240 mL of ambient
temperature water.

PK Sampling Schedule
Blood samples for determination of ertugliflozin and metformin concentrations were collected
from each subject predose, and at 0.5, 1, 1.5, 2, 2.5, 3, 4, 6, 8, 12, 24, 48, and 72 hours post-dose.

Results and Conclusions

A total of 14 subjects were assigned to and received study treatments, and 13 of them completed
the study and were analyzed for PK and safety. One subject withdrew the study due to personal
reasons.

For ertugliflozin, following the administration of ertugliflozin 7.5 mg/metformin 1000 mg FDC
with high-fat, high-calorie breakfast, ertugliflozin AUCs are similar while Cmax was about 41%
lower compared to fasted condition. Median Tmax was delayed from 1.5 hour to 2.5 hours in the
presence of food. Mean terminal phase t1/2 for ertugliflozin remains similar, 11.18 hours and
12.10 hours for fasted and fed conditions, respectively (Figure 7 and Tables 18, 19).
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For metformin, following the administration of ertugliflozin 7.5 mg/metformin 1000 mg FDC
with high-fat, high-calorie breakfast, metformin AUCs remains similar while Cmax was about
29% lower compared to fasted condition. Median Tmax for metformin was delayed from 2.25
hours to 4.00 hours in the presence of food. The mean terminal phase t/; for metformin was 11.75
hours and 12.34 hours with and without food, respectively (Figure 8 and Tables 20, 21).
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Figure 7. Median plasma ertugliflozin concentration-time profiles following single oral doses of
ertugliflozin 7.5 mg /metformin 1000 mg FDC under fasted and fed conditions
(Source: adapted from Figure 1 of Study P028/1049 CSR)

Table 18. Summary of plasma ertugliflozin PK parameters
Plasma PK Parameter Summary Statistics” for ertugliflozin by Treatment

Parameter (units) Ertugliflozin 7.5 mg/ Metformin Ertugliflozin 7.5 mg/ Metformin
) 1000 mg FDC-Fed (Test) 1000 mg FDC-Fasted (Reference)

N 13 14

AUCy¢ (ngehr/mL) 602.3 (26) 654.8 (24)

AUC,,,, (ng*hr/mL) 587.4 (26) 639.5 (25)

Cax (ng/ml) 75.30 (44) 126.5(27)

Thax (Ir) 2.50 (1.00. 8.02) 1.50 (1.00, 2.50)

ty, (hr) 11.18 £ 4.54 12.10 +2.56

Source: Table 14.4.3.1.1.1

PK parameters are defined in Table 5.

Abbreviations: %CV = percent coefficient of variation; FDC = fixed dose combination; hr = hour (s); N = total
number of subjects in the treatment group and contributing to the descriptive summary statistics: PK =
pharmacokinetic(s); SD = standard deviation.

a. Geometric mean (geometric 2%CV) for all except: median (range) for T, arithmetic mean + SD for t,,.

(Source: Study P028/1049 CSR, Table 9)

Table 19. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters
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Adjusted Geometric Means

Ratio
Ertugliflozin 7.5 mg/  Ertugliflozin 7.5 mg/ i o
Metformin 1000 mg  Metformin 1000 mg (T;}tﬁﬁf::::f” r?)?' ’;{ afllu
FDC-Fed (Test) FDC-Fasted lileanks“

Parameter (units) (Reference)
AUC, ¢ (ngehr/mL) 614.3 654.8 93.81 (90.09, 97.69)
AUC,, (ngehr/mL) 599.6 639.5 93.75 (90.03. 97.63)
C e (ng/mlL) 75.16 126.5 59.41 (51.06. 69.11)

Source: Table 14.4.3.3.1.1

PK parameters are defined in Table 5.

Values were back-transformed from the log scale.

The model was a mixed effects model with sequence. period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values (sqrt[exp(MSE)-1]. where MSE is the mean
square error) based on mixed effects model for ertugliflozin AUC,;. AUC,,,,. and C,,, were 0.0574, 0.0574. and
0.2186, respectively.

Abbreviations: CI = confidence interval; FDC = fixed dose combination: hr = hour (s);

PK = pharmacokinetic(s).

a. The ratios (and 90°% CIs) are expressed as percentages.

(Source: Study P028/1049 CSR, Table 10)
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Figure 8. Median plasma metformin concentration-time profiles following single oral doses of
ertugliflozin 7.5 mg /metformin 1000 mg FDC under fasted and fed conditions
(Source: adapted from Figure 4 of Study P028/1049 CSR)

Table 20. Summary of plasma metformin PK parameters
Plasma PK Parameter Summary Statistics” for metformin by Treatment

Parameter (units) Ertuglifiozin 7.5 mg/Metformin Ertugliflozin 7.5 mg/Metformin
) 1000 mg FDC-Fed (Test) 1000 mg FDC-Fasted (Reference)

N.n 13,12 14, 14

AUC, ¢ (ng*hr/mlL) 11550 (29) 12530 (26)

AUC,,,, (ng*hr/mL) 11760 (29) 12420 (26)

Cax (ng/ml) 1461 (32) 2040 (31)

T (hr) 4.00 (0.500. 8.02) 2.25(1.00, 4.00)

ty: (h) 11.75 +3.82 12.34 £5.82

Source; Table 14.43.1.1.2

PK parameters are defined in Table 5.

Abbreviations: %CV = percent coefficient of variation; FDC = fixed dose combination; hr = hour(s); N = total
number of subjects in the treatment group and contributing to the descriptive summary statistics: n = number of”
subjects with reportable t., and AUC,s. PK = pharmacokinetic(s): SD = standard deviation.

a. Geometric mean (geometric %CV) for all except: median (range) for T,,.,: arithmetic mean = SD for t,,.
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(Source: Study P028/1049 CSR, Table 11)

Table 21. Statistical summary of treatment comparisons for plasma metformin PK parameters

Adjusted Geometric Means

E.l'tuglifluzin 7.5 mg/ Ertugliflozin 7.5 mg/ (Testflfll‘:;':::'ence) 90% CI
Metformin 1000 mg Metformin 1000 mg of Adjusted for Ratio
FDC-Fed (Test) FDC-Fasted i[eans“
Parameter (units) (Reference) B
AUC,,s (ng*hr/mL) 11630 12530 92.82 (85.07. 101.26)
AUC,,,, (ngshr/mL) 11740 12420 94.53 (86.97. 102.76)
Cax (mg/mL) 1442 2040 70.68 (63.62, 78.51)

Source: Table 14.4.3.3.1.2

PK parameters are defined in Table 5.

Values were back-transformed from the log scale.

The model was a mixed effects model with sequence. period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values (sqrtfexp(MSE)-1], where MSE is the mean
square error) values based on mixed effects model for metformin AUC,;. AUC,,,,. and C,., were 0.1175.
0.1190. and 0.1504, respectively.

Abbreviations: CI = confidence interval; FDC = fixed dose combination; hr = hour(s):

PK = pharmacokinetic(s).

a. The ratios (and 90% Cls) are expressed as percentages.

(Source: Study P028/1049 CSR, Table 12)

Study P027/1041 (BE Study)

Title: A Phase 1, Single Dose, Open-Label, Randomized, Crossover Bioequivalence Study of an
Ertugliflozin 7.5 mg/Metformin 1000 mg Fixed Dose Combination Tablet vs Co-Administration
of the Individual Components (Ertugliflozin and US-Sourced Metformin) in Healthy Subjects

Objectives:

e Primary: to demonstrate the BE of ertugliflozin 7.5 mg/metformin 1000 mg FDC tablet
to the co-administration of the individual components: ertugliflozin 7.5 mg (administered
as one 5 mg tablet + one 2.5 mg tablet)and US-sourced Glucophage (metformin
hydrochloride) 500 mg under fasted conditions

e Secondary: safety and tolerability

Study Design

This was a pivotal, Phase 1, open-label, randomized, 2-period, 2-sequence, single dose,
crossover study to demonstrate the bioequivalence of the ertugliflozin 2.5 mg/metformin 500 mg
FDC tablet to the co-administration of the individual components: ertugliflozin 2.5 mg and
metformin 500 mg (US) tablets under fasted conditions in healthy subjects. Each subject
received 2 treatments in a randomized manner as outlined in Table 22. In each period, subjects
received a single dose of the assigned trial medication in the morning on Day 1 in the fasted state
(minimum 10-hour fast). Dosing in each period was separated by a washout period of at least 7
days.

Table 22. Treatment sequence in Study P027/1041
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Sequence Period 1 Period 2
1 (n=16) ERTU+MET-COADM ERTUMET-FDC
2(n=16) ERTUMET-FDC ERTU+MET-COADM

Source: Section 16.1.1

ERTU+MET-COADM: ertugliflozin 7.5 mg (administered as one 5 mg tablet + one 2.5 mg tablet) and

metformin 1000 mg (US) co-administered under fasted conditions (Reference).

ERTU/MET-FDC: ertugliflozin 7.5 mg/metformin 1000 mg FDC tablet. single dose. under fasted

conditions (Test).

Abbreviations: COADM = co-administered. FDC = fixed dose combination. n = number of planned
subjects, US = United States.

(Source: Study P027/1041 CSR, Table 1)

PK Sampling Schedule
Blood samples for determination of ertugliflozin and metformin concentrations were collected
from each subject predose, and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, and 72 hours post-dose.

Results and Conclusions

A total of 32 healthy male and female subjects (16 in each treatment sequence) were enrolled and
all of them completed this study. Results indicated that for both ertugliflozin and metformin, the
90% CI of the geometric mean ratios for Cmax, AUCO-t, and AUCO-inf are all well within the
80-125% range, suggesting the BE was demonstrated between ertugliflozin 7.5 mg/metformin
1000 mg FDC tablet and the co-administration of the individual components: ertugliflozin 7.5
mg tablet and US-sourced Glucophage (metformin hydrochloride) 1000 mg under fasted

conditions (Figures 9, 10 and Tables 23-26).
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Figure 9. Median plasma ertugliflozin concentration-time profiles following single oral doses of
ertugliflozin 7.5 mg /metformin 1000 mg FDC and ertugliflozin 7.5 mg+ Metformin 1000 mg (US)

co-administration

(Source: adapted from Figure 1 of Study P027/1041 CSR)
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Table 23. Summary of plasma ertugliflozin PK parameters
Parameter Summary Statistics® by Treatment

i i . Ertugliflozin 7.5 mg/Metformin Ertugliflozin 7.5 g + Metformin
Parameter (unit) 1000 mg FDC (Test) 1000 mg (US) COADM (Reference)
Non 32.32 3232
AUC,s (ngehr/mL) 651.5 (28) 653.9 (27)
AUC,.., (ngehr/mL) 638.0 (29) 637.7 (28)
C o (ng/mL) 1241 (24) 119.9 (23)
T (hr) 1.03 (1.00, 3.00) 100 (0.500. 2.02)
t,. (hr) 11.00 +2.70 11.19 +3.28

Source: Table 144.3.1.1

PK parameters are defined in Table 5.

Abbreviations: %CV = percent coefficient of variation. COADM = co-administered. FDC = fixed dose
combination. hr = hour, N = number of subjects for the treatment and contributing to the descriptive summary
statistics. n = number of subjects with reportable t., and AUC,... PK = pharmacokinetic(s). SD = standard
deviation, US = United States.

a. Geometric mean (geometric %CV) for all except: median (range) for T, arithmetic mean + SD for ...

(Source: Study P027/1041 CSR, Table 9)

Table 24. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters

Adjusted (Least-Squares) Geometric Means Ratio
Ertugliflozin Ertugliflozin 7.5 ing + (Test/Reference) 90% CI

7.5 mg/Metformin Metformin 1000 mg (US) of Adjusted for Ratio

Parameter (unit) 1000 mg FDC (Test) COADM (Reference) Means”
]

AUCiur 651.5 653.9 99.64 97.04. 102.30
(ng+hr/mL)
AUCIast ek 5 - Q7
(ngehr/mL) 638.0 637.7 100.05 97.31, 102.87
Coax (ng/mL) 124.1 119.9 103.50 97.85,109.47

Source: Table 14.4.3.3.1

PK parameters are defined in Table 5.

Values have been back-transformed from the log scale.

The model was a mixed effects model with sequence, period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values based on mixed effects model for ertugliflozin
AUC s and Cp,x Were 6.22% and 13.3%, respectively.

Abbreviations: CI = confidence mterval. COADM = co-administered. FDC = fixed dose combination.

hr = hour. PK = pharmacokinetic(s). US = United States.

a. The ratios (and 90% CTs) are expressed as percentages.

(Source: Study P027/1041 CSR, Table 10)
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Figure 10. Median plasma metformin concentration-time profiles following single oral doses of
ertugliflozin 7.5 mg /metformin 1000 mg FDC and ertugliflozin 7.5 mg+ Metformin 1000 mg (US)
co-administered
(Source: adapted from Figure 4 of Study P027/1041 CSR)

Table 25. Summary of plasma metformin PK parameters

Parameter Summary Statistics” by Treatment

Ertuglifiozin 7.5 mg/Metformin Ertuglifiozin 7.5 g + Metformin
Parameter (unit) 1000 mg FDC (Test) 1000 mg (US) COADM (Reference)
N.n 32,27 32,26
AUC; (ng=hr/mL) 11180 (26) 11600 (24)
AUC,,, (ngehr/mL) 10870 (26) 11130 (26)
Caae (ng/mL) 1648 (25) 1661 (29)
Toax (hr) 2.01(1.00, 4.10) 1.98 (0.517, 3.98)
ty; (hr) 16.20 + 11.65 16.42 +12.51

Source: Table 14.4.3.1.2

PK parameters are defined in Table 5.

Abbreviations: %CV = percent coefficient of variation, COADM = co-administered, FDC = fixed dose
combination, hr = hour, N = munber of subjects for the treatiment and contributing to the descriptive stumumary
statistics, n = number of subjects with reportable t,, and AUC,,, PK = pharmacokinetic(s), SD = standard
deviation, US = United States.

a. Geometric mean (geometric %CV) for all except: median (range) for T,,,,: arithmetic mean + SD for t.,.

(Source: Study P027/1041 CSR, Table 11)

Table 26. Statistical summary of treatment comparisons for plasma metformin PK parameters

Adjusted (Least-Squares) Geometric Means Ratio
Ertugliflozin Ertuglifiozin 7.5 mg + (Test/Reference) 90% CI
7.5 mg/Metformin ~ Metformin 1000 mg (US) of Adjusted for Ratio
Parameter (unit) 1000 mg FDC (Test) COADM (Reference) Means"
AUC , (ngehu/mL) 11230 11560 97.14 89.98. 104.87
AUCy,, (ng*hr/mL) 10870 11130 97.72 91.31, 104,58
Cae (D2/mL) 1648 1661 99.20 92.06, 106.90

Source: Tables 14.4.3.3.2

PK parameters are defined in Table 5.

Values have been back-transformed from the log scale.

The model was a mixed effects model with sequence, period and treatment as fixed effects and subject within
sequence as a random effect. The intra-subject variability values based on mixed effects model for metformin
AUC,¢ and Cp,y, were 15.8% and 17.8%, respectively.

Abbreviations: CI = confidence interval: COADM = co-admunistered: FDC = fixed dose combination,

hr = hour, PK = pharmacokinetic(s), US = United States.

a. The ratios (and 90% Cls) are expressed as percentages.

37

Reference ID: 4136058



(Source: Study P027/1041 CSR, Table 12)

Study P050/1058 (BE Study)

Title: A Phase 1, Single Dose, Open-Label, Randomized, Crossover Bioequivalence Study of an
Ertugliflozin 2.5 mg/Metformin 500 mg Fixed Dose Combination Tablet vs Co-Administration
of the Individual Components (Ertugliflozin and US-Sourced Metformin) in Healthy Subjects

Objectives:

e Primary: to demonstrate the BE of ertugliflozin 2.5 mg/metformin 500 mg FDC tablet
to the co-administration of the individual components: ertugliflozin 2.5 mg tablet and
US-sourced Glucophage (metformin hydrochloride) 500 mg under fasted conditions

e Secondary: safety and tolerability

Study Design

This was a pivotal, Phase 1, open-label, randomized, 2-period, 2-sequence, single dose,
crossover study to demonstrate the bioequivalence of the ertugliflozin 2.5 mg/metformin 500 mg
FDC tablet to the co-administration of the individual components: ertugliflozin 2.5 mg and
metformin 500 mg (US) tablets under fasted conditions in healthy subjects. Each subject
received 2 treatments in a randomized manner as outlined in Table 27. In each period, subjects
received a single dose of the assigned trial medication in the morning on Day 1 in the fasted state
(minimum 10-hour fast). Dosing in each period was separated by a washout period of at least 7

days.

Table 27. Treatment sequence in Study P050/1058
Sequence Period 1 Period 2
1 (N=16) ERTU+MET-COADM ERTU/MET-FDC
2(N=16) ERTU/MET-FDC ERTU+MET-COADM

Source: Section 16.1.1
Abbreviations: COADM = co-administered. FDC = fixed dose combination, N = number of subjects.
US = United States.
ERTU+MET-COADM: ertugliflozin 2.5 mg tablet and metformin 500 mg (US) co-administered under fasted
conditions (Reference)
ERTU/MET-FDC: ertugliflozin 2.5 mg/metformin 500 mg FDC tablet. single dose, under fasted conditions
(Test)
(Source: Study P050/1058 CSR, Table 1)

PK Sampling Schedule
Blood samples for determination of ertugliflozin and metformin concentrations were collected
from each subject predose, and at 0.5, 1, 1.5, 2, 3, 4, 6, 8, 12, 24, 48, and 72 hours post-dose.

Results and Conclusions

A total of 32 healthy male and female subjects (16 in each treatment sequence) were enrolled and
all of them completed this study. Results indicated that for both ertugliflozin and metformin, the
90% CI of the geometric mean ratios for Cmax, AUCO-t, and AUCO-inf are all well within the
80-125% range, suggesting the BE was demonstrated between ertugliflozin 2.5 mg/metformin
500 mg FDC tablet and the co-administration of the individual components: ertugliflozin 2.5 mg
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tablet and US-sourced Glucophage (metformin hydrochloride) 500 mg under fasted conditions
(Figures11, 12 and Tables 28-31).
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Figure 11. Median plasma ertugliflozin concentration-time profiles following single oral doses of
ertugliflozin 2.5 mg /metformin 500 mg FDC and ertugliflozin 2.5 mg+ Metformin 500 mg (US)
co-administered

(Source: adapted from Figure 1 of Study P050/1058 CSR)

Table 28. Summary of plasma ertugliflozin PK parameters

Parameter Summary Statistics* by Treatment
Ertugliflozin 2.5 mg/Metformin  Ertugliflozin 2.5 mg + Metformin

500 mg FDC tablet 500 mg (US) Co-administered
Parameter (units) (Test) (Reference)
N.n 32.32 32.32
AUCys (ng.r/mlL) 176.9 (24) 180.0 (25)
AUC ¢ (ng.u/mL) 165.3(23) 167.6 (25)
Coax (ng/mL) 34,94 (23) 34.86 (24)
T (hr) 1.00 (1.00. 2.00) 1.00 (0.500. 3.00)
t, (lr) 7.117 = 1.340 7.728 = 1.865

Source: Table 14.4.3.1.1

Abbreviations: %CV = percent coefficient of variation. FDC = fixed dose combination. hr = hour. N = Number
of subjects in the freatment group and contributing to the descriptive summary statistics. n = number of subjects
with reportable t., and AUC,,;. PK = pharmacokinetic(s). SD = standard deviation. US = United States.

PK parameters are defined in Table 5.

a. Geometric mean (geometric %CV) for all except: median (range) for Ty, arithmetic mean = SD for t.,.

(Source: Study P050/1058 CSR, Table 9)

Table 29. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters
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Adjusted (Least-Squares) Geometric Means

Ratio
Ertugliflozin Ertugliflozin 2.5 mg + . 0L
2.5 mg/Metformin Metformin 500 mg (US) (TZ}tT;.:T:; [(ll(‘{‘) f?:. ﬁa(ﬁla
Parameter 500 mg FDC tablet Co-administration M ﬂj‘n'¢
(units) (Test) (Reference) B )
AUCq¢ - - -
(ng hr/mL) 176.9 180.0 98.26 96.62. 99.94
AUC g - - - 5
(ng hr/mL) 165.3 167.6 98.62 96.82, 100.44
C
max - - 9 A
(ng/mL) 34.94 34.86 100.22 94.76, 106.00

Source: Table 14.4.3.5.1

Abbreviations: CT = confidence interval. FDC = fixed dose combination. hr = hour. PK = pharmacokinetic(s).
US = United States.

The intra-subject variability values (squt[exp(MSE)-1]. where MSE is the mean square error) based on mixed
effects model for ertugliflozin AUC,,. AUC,,,,. and Cy,, were 0.0399. 0.0433 and 0.1327. respectively.

PK parameters are defined in Table 5.

a. The ratios (and 90% CIs) are expressed as percentages.

(Source: Study P050/1058 CSR, Table 10)
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Treatment: ¥ Ertuglifiozin 2.5 mq + Metformin 500 mg (US) Co—administered
BB Ertuglifiozin 2.5 mg / Metformin 500 mg FDC tablet

Figure 12. Median plasma metformin concentration-time profiles following single oral doses of

ertugliflozin 2.5 mg /metformin 500 mg FDC and ertugliflozin 2.5 mg+ Metformin 500 mg (US)

co-administered

(Source: adapted from Figure 4 of Study P050/1058 CSR)

Table 30. Summary of plasma metformin PK parameters
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Parameter Summary Statistics® by Treatment
Ertugliflozin 2.5 mg/Metformin  Ertugliflozin 2.5 mg + Metformin

500 mg FDC tablet 500 mg (US) Co-administered
Parameter (units) (Test) (Reference)
N.n 32.29 32,27
AUC s (ng.hr/mL) 6953 (28) 6784 (21)
AUC 4 (ng.hr/mL) 6819 (27) 6794 (20)
Cuax (ng/mL) 1030 (30) 1015 (20)
Toa (hr) 2.00(1.00. 4.02) 1.98 (0.483, 4.10)
ty, (hr) 13.45£8.29 14.08 = 7.78

Source: Table 14.4.3.1.2

Abbreviations: %CV = percent coefficient of variation, FDC = fixed dose combination, hr = hour.
N=Number of subjects in the treatment group and contributing to descriptive sumumary statistics,

n = number of subjects with reportable t; and AUC;,s PK = pharmacokinetic(s). SD = standard deviation.
US = United States.

PK parameters are defined in Table 5.

a. Geomeiric mean (geometric %CV) for all except: median (range) for T, arithmetic mean = SD for t..

(Source: Study P050/1058 CSR, Table 11)

Table 31. Statistical summary of treatment comparisons for plasma metformin PK parameters
Adjusted (Least-Squnares) Geometric Means

Ratio
Ertugliflozin Ertugliflozin 2.5 mg + § o
2.5 mg/Metformin Metformin 500 mg (US) ﬂ:‘;ﬁf.{:&'&“’ ri? {;a(;ilo

Parameter 500 mg FDC tablet Co-administration A Ie; “'S,
(units) (Test) (Reference) ) )
AUCiy A R R
(ng hr/mL) 6934 6717 103.24 96.16. 110.83
AUCks 6819 6794 100.36 93.28, 107.98
(ng.hr/mL)
Cma( - 4 09
(ng/mL) 1030 1015 101.49 93.83.109.76

Source: Table 14.43.5.2

Abbreviations: CI = confidence interval. FDC = fixed dose combination. hr = hour, PK = pharmacokinetic(s).
US = United States.

The intra-subject variability values (sqrt[exp(MSE)-1]. where MSE is the mean square error) based on mixed
effects model for metformin AUC,e. AUC . and Cp, were 0.1495. 0.1737 and 0.1864. respectively.

PK parameters are defined in Table 5.

a. The ratios (and 90% Cls) are expressed as percentages.

(Source: Study P050/1058 CSR, Table 12)
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CLINICAL PHARMACOLOGY FILING FORM

Application Information

NDA/BLA Number 209805 SDN 1
Applicant Merck Submission Date 12/19/2016
Generic Name Ertugliflozin and Sitagliptin | Brand Name NA
Drug Class Ertugliflozin is a sodium-glucose co-transporter 2 inhibitor
Sitagliptin 1s a dipeptidyl peptidase-4 inhibitor
Indications It 1s indicated as an adjunct to diet and exercise to improve glycemic control in

adults with type 2 diabetes mellitus when treatment with both ertugliflozin and
sitagliptin is appropriate.

Limitations of Use:
e Not for the treatment of type 1 diabetes mellitus or diabetic ketoacidosis.
e Has not been studied in patients with a history of pancreatitis.

Dosage Regimen e The recommended starting dose is 5 mg ertugliflozin/100 mg sitagliptin
once daily, taken in the morning, with or without food.

e Dose may be increased to 15 mg ertugliflozin/100 mg sitagliptin once daily
in those tolerating ertugliflozin/sitagliptin and needing additional glycemic
control.

e Initiation of administration is not recommended in patients with an eGFR
less than & mL/min/1.73 m’.

®@

® @
[ J
®@
o ®@
®@
Dosage Form Tablets Route of Oral
® @ . . .
° Administration
[ J
e Ertugliflozin 5 mg and
Sitagliptin 100 mg
e Ertugliflozin 15 mg and
Sitagliptin 100 mg
OCP Division DCP2 OND Division Metabolism and
Endocrinology Products
I OCP Review Team Primary Reviewer(s) Secondary Reviewer/ Team Leader
Division Lei He, PhD Manoj Khurana, PhD
Pharmacometrics
Genomics
Review Classification M Standard [J Priority [J Expedited
Filing Date 2/17/2017 74-Day Letter Date 3/3/2017
Review Due Date 8/19/2017 PDUFA Goal Date 12/19/2017
1
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I Application Fileability I
Is the Clinical Pharmacology section of the application fileable?
M Yes
[ No

If no list reason(s)
Are there any potential review issues/ comments to be forwarded to the Applicant in the 74-day letter?

[0 Yes

M No
If yes list comment(s)

Is there a need for clinical trial(s) inspection?

M Yes

] No

If yes explain

As the proposed ertugliflozin/sitagliptin fixed-dose combination (FDC) products were not administered in Phase
3 studies, 4 pivotal BE studies (Studies P025/1038, ®® poyg/ 1056, and ®® \were conducted
under fasted conditions to bridge each strength of the proposed ertugliflozin/sitagliptin FDC commercial tablets
(15 mg/100 mg, ®9 5 mg/100 mg, ®® and the co-administration of the respective doses of

the individual tablets used in Phase 3 studies. The BE studies will be used to support the bridging of PK,
efficacy and safety data obtained with the co-administered tablets used in the Phase 3 studies to the FDC
commercial tablet. Therefore, we request that both the clinical site and analytical site be inspected for this
submission.

Clinical Pharmacology Package

Tabular Listing of All Human Studies M Yes [0 No  Clinical Pharmacology Summary M Yes [J No

Bioanalytical and Analytical Methods [ Yes [ No Labeling M Yes [J No
Clinical Pharmacology Studies
Study Type | Count | Comment(s)
In Vitro Studies

] Metabolism Characterization

[ Transporter Characterization
[ Distribution

[0 Drug-Drug Interaction

| In Vivo Studies |
Biopharmaceutics

[0 Absolute Bioavailability

[0 Relative Bioavailability

M Bioequivalence 4 | Studies P025/1038, ®® p048/1056, od
M Food Effect 1 Study 026/1050
O Other

Human Pharmacokinetics
Healthy O Single Dose

Subjects [0 Multiple Dose
O Single Dose
0 Multiple Dose

Patients
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[0 Mass Balance Study

[0 Other (e.g. dose proportionality)

Intrinsic Factors

] Race

[ Sex

O Geriatrics

[ Pediatrics

O Hepatic Impairment

[0 Renal Impairment

O Genetics

Extrinsic Factors

Effects on Primary Drug 1 Study 022/1033

O Effects of Primary Drug

Pharmacodynamics

[0 Healthy Subjects

O Patients

Pharmacokinetics/Pharmacodynamics

[J Healthy Subjects

O Patients

0 QT

Pharmacometrics

[J Population Pharmacokinetics

O Exposure-Efficacy

[0 Exposure-Safety

Total Number of Studies
Total Number of Studies to be Reviewed

In Vitro In Vivo
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Criteria for Refusal to File (RTF)

RTF Parameter Assessment

Comments

1. Did the applicant submit bioequivalence data
comparing to-be-marketed product(s) and those MYes [CONo CIN/A
used in the pivotal clinical trials?

2. Did the applicant provide metabolism and
drug-drug interaction information? (Note: RTF MYes [INo [IN/A
only if there is complete lack of information)

3. Did the applicant submit pharmacokinetic
studies to characterize the drug product, or submit | MYes [JNo [IN/A
a waiver request?

4. Did the applicant submit comparative
bioavailability data between proposed drug
product and reference product for a 505(b)(2)
application?

MYes (INo CIN/A

5. Did the applicant submit data to allow the
evaluation of the validity of the analytical assay MYes [CONo [IN/A
for the moieties of interest?

6. Did the applicant submit study reports/rationale
to support dose/dosing interval and dose MYes [JNo CIN/A
adjustment?

7. Does the submission contain PK and PD
analysis datasets and PK and PD parameter
datasets for each primary study that supports MYes [CONo [IN/A
items 1 to 6 above (in .xpt format if data are
submitted electronically)?

8. Did the applicant submit the module 2
summaries (e.g. summary-clin-pharm, summary- | MYes [JNo [CIN/A
biopharm, pharmkin-written-summary)?

9. Is the clinical pharmacology and
biopharmaceutics section of the submission
legible, organized. indexed and paginated in a
manner to allow substantive review to begin?
If provided as an electronic submission, is the MYes [INo [IN/A
electronic submission searchable, does it have
appropriate hyperlinks and do the hyperlinks
work leading to appropriate sections, reports, and
appendices?

Complete Application

10. Did the applicant submit studies including
study reports, analysis datasets, source code, input
files and key analysis output, or justification for
not conducting studies, as agreed to at the pre-
NDA or pre-BLA meeting? If the answer is ‘No’,
has the sponsor submitted a justification that was
previously agreed to before the NDA submission?

MYes (ONo CON/A
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Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist

Data
1. Are the data sets, as requested during pre-
submission discussions, submitted in the MYes (ONo CON/A

appropriate format (e.g.. CDISC)?

2. If applicable, are the pharmacogenomic data

sets submitted in the appropriate format? [1Yes [LINo FIN/A

Studies and Analysis
3. Is the appropriate pharmacokinetic information |
submitted? MYes [JNo [ON/A

4. Has the applicant made an appropriate attempt
to determine reasonable dose individualization
strategies for this product (i.e., appropriately OYes [CONo MN/A
designed and analyzed dose-ranging or pivotal
studies)?

5. Are the appropriate exposure-response (for
desired and undesired effects) analyses conducted
and submitted as described in the Exposure-
Response guidance?

OYes [ONo MN/A

6. Is there an adequate attempt by the applicant to
use exposure-response relationships in order to
assess the need for dose adjustments for OYes [JNo MN/A
intrinsic/extrinsic factors that might affect the
pharmacokinetic or pharmacodynamics?

7. Are the pediatric exclusivity studies adequately
designed to demonstrate effectiveness, if the drug | CJYes CJNo MN/A
is indeed effective?

General

8. Are the clinical pharmacology and
biopharmaceutics studies of appropriate design
and breadth of investigation to meet basic
requirements for approvability of this product?

MYes (ONo CON/A

9. Was the translation (of study reports or other
study information) from another language needed | [(JYes MNo CIN/A
and provided in this submission?
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Filing Memo

See Attachment: Presentation slides in filing meeting.

U.S. FOOD & DRUG

ADMINISTRATION

NDA 209805 ERTUGLIFLOZIN/SITAGLIPTIN FDC

Sponsor:
Merck Sharp & Dohme Corp.,

(subsidiary of Merck & Co., Inc.)
Submitted: 19Dec2016

FILING MEETING

Clin Pharm Reviewers:  Lei He, PhD (Primary)
Manoj Khurana, PhD (Team Leader)

o FDA
Clinical Pharmacology Summary .

* Applicationis fileable from a clinical pharmacology perspective.

= OSIS consults for 1 dinical siteg)a(‘{)ld 2 bioanalytical sites:
- 4 BEStudies P(ZZS,(b)(4)048

* Topline Results
1. Nocliniclly meaningful PK interaction betweenthe individual components.

2. Nocdlinially meaningful food effect on each of individual components.

3. Since the proposed FDC product was not administered in Phase 3 studies, BE
studies bridged the individual tablets used in Phase 3 studies and the proposed
commercial FDC tablets.
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FDA
Clinical Pharmacology Program .

DDl study 1 P022
Food effect Study 1 PO26
BE study 4 PO25

PK/PD study - =

Model based meta-analysis - -

Summary

* Application is fileable

* Mid-cycle deliverables
— Any approvability issues
— Confirm PKresults

* OSl inspection for BE study clinical sites and bioanalytical sites
will be requested
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CLINICAL PHARMACOLOGY FILING FORM

Application Information

NDA/BLA Number 209806 SDN 1
Applicant Merck Submission Date 12/19/2016
Generic Name Ertugliflozin and Metformin | Brand Name NA
Drug Class Ertugliflozin is a sodium-glucose co-transporter 2 inhibitor
Metformin is a biguanide
Indications It 1s indicated as an adjunct to diet and exercise to improve glycemic control in

adults with type 2 diabetes mellitus 0®

Limitations of Use:
e Not for the treatment of type 1 diabetes mellitus or diabetic ketoacidosis.

Dosage Regimen e Individualize the starting dose based on the patient’s current regimen.

e The maximum recommended dose is 7.5 mg ertugliflozin/1000 mg
metformin twice daily.

e Take twice daily with meals, with gradual dose escalation to reduce the
gastrointestinal side effects due to metformin.

e It is contraindicated in patients with an eGFR < 30 mL/min/1.73 m’.

e Initiation is not recommended in patients with an eGFR between 30 and &
mL/min/1.73 m’.

®@
®) @

®) @
®) @

e It may need to be discontinued at time of, or prior to, iodinated contrast
1maging procedures.

Dosage Form Tablets Route of Oral

e Ertugliflozin 2.5 mg and Administration
metformin hydrochloride 500 mg

e Ertugliflozin 2.5 mg and
metformin hydrochloride 1000 mg

e Ertugliflozin 7.5 mg and
metformin hydrochloride 500 mg

e Ertugliflozin 7.5 mg and
metformin hydrochloride 1000 mg

OCP Division DCP2 OND Division Metabolism
and
Endocrinology
Products

I OCP Review Team Primary Reviewer(s) Secondary Reviewer/ Team Leader I

Division Lei He, PhD Manoj Khurana, PhD

Pharmacometrics

Genomics

Review Classification M Standard ] Priority [J Expedited
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| Filing Date 2/17/2017 74-Day Letter Date 3/3/2017 I

Review Due Date 8/19/2017 PDUFA Goal Date 12/19/2017
Application Fileability

Is the Clinical Pharmacology section of the application fileable?
M Yes

[J No
If no list reason(s)

Are there any potential review issues/ comments to be forwarded to the Applicant in the 74-day letter?
] Yes

™M No
If yes list comment(s)

Is there a need for clinical trial(s) inspection?
M Yes
] No

If yes explain

In Phase 3 studies supporting ertugliflozin/metformin fixed-dose combination (FDC) clinical development
program, the FDC products were not used, and ertugliflozin was administered once daily (QD) on a background
of metformin twice daily (BID) using separate tablets. Two pivotal BE studies (Study P027/1041 and Study
P050/1058) were conducted comparing the highest and lowest strengths of the proposed ertugliflozin/metformin
commercial tablets with the co-administration of ertugliflozin and Glucophage tablets used in the Phase 3
studies. The combination of BE study data and in vitro dissolution data will be used to support the bridging of
PK, efficacy and safety data obtained with the co-administered tablets used in the Phase 3 studies to the FDC
commercial tablet. Therefore, we request that both the clinical site and analytical site be inspected for this
submission.

Clinical Pharmacology Package

Tabular Listing of All Human Studies M Yes [0 No  Clinical Pharmacology Summary M Yes [J No

Bioanalytical and Analytical Methods [ Yes [ No Labeling M Yes [J No
Clinical Pharmacology Studies
Study Type | Count | Comment(s)
In Vitro Studies

] Metabolism Characterization

[0 Transporter Characterization

O Distribution

[0 Drug-Drug Interaction
| In Vivo Studies |
Biopharmaceutics

[0 Absolute Bioavailability

[0 Relative Bioavailability

M Bioequivalence 4 Studies P027/1041, P050/1058, P046/1054, P047/1055
M Food Effect 1 Study P028/1049
O Other

Human Pharmacokinetics

Healthy O Single Dose | |
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Subjects 0 Multiple Dose

O Single Dose

Patient -
atients 0 Multiple Dose

[J Mass Balance Study

[0 Other (e.g. dose proportionality)

Intrinsic Factors

] Race

[ Sex

O Geriatrics

[ Pediatrics

[0 Hepatic Impairment

[0 Renal Impairment

J Genetics

Extrinsic Factors

M Effects on Primary Drug 1 Study P019/1032

[ Effects of Primary Drug

Pharmacodynamics

[0 Healthy Subjects

O Patients

Pharmacokinetics/Pharmacodynamics

Healthy Subjects 1 Study 035/1051

Patients 1 Study 040/1007

0 QT

Pharmacometrics

1 Model-Based Meta-Analysis to Quantify the Relationship Between

& Population Pharmacokinetics Urinary Glucose Excretion and A1C for SGLT2 Inhibitors

[0 Exposure-Efficacy

O Exposure-Safety

Total Number of Studies 9

Total Number of Studies to be Reviewed in Vitxo In Vivo
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Criteria for Refusal to File (RTF)

RTF Parameter Assessment

Comments

1. Did the applicant submit bioequivalence data
comparing to-be-marketed product(s) and those MYes [CONo CIN/A
used in the pivotal clinical trials?

2. Did the applicant provide metabolism and
drug-drug interaction information? (Note: RTF MYes [INo [IN/A
only if there is complete lack of information)

3. Did the applicant submit pharmacokinetic
studies to characterize the drug product, or submit | MYes [JNo [IN/A
a waiver request?

4. Did the applicant submit comparative
bioavailability data between proposed drug
product and reference product for a 505(b)(2)
application?

MYes (INo CIN/A

5. Did the applicant submit data to allow the
evaluation of the validity of the analytical assay MYes [CONo [IN/A
for the moieties of interest?

6. Did the applicant submit study reports/rationale
to support dose/dosing interval and dose MYes [JNo CIN/A
adjustment?

7. Does the submission contain PK and PD
analysis datasets and PK and PD parameter
datasets for each primary study that supports MYes [CONo [IN/A
items 1 to 6 above (in .xpt format if data are
submitted electronically)?

8. Did the applicant submit the module 2
summaries (e.g. summary-clin-pharm, summary- | MYes [JNo [CIN/A
biopharm, pharmkin-written-summary)?

9. Is the clinical pharmacology and
biopharmaceutics section of the submission
legible, organized. indexed and paginated in a
manner to allow substantive review to begin?
If provided as an electronic submission, is the MYes [INo [IN/A
electronic submission searchable, does it have
appropriate hyperlinks and do the hyperlinks
work leading to appropriate sections, reports, and
appendices?

Complete Application

10. Did the applicant submit studies including
study reports, analysis datasets, source code, input
files and key analysis output, or justification for
not conducting studies, as agreed to at the pre-
NDA or pre-BLA meeting? If the answer is ‘No’,
has the sponsor submitted a justification that was
previously agreed to before the NDA submission?

MYes (ONo CON/A
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Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist

Data
1. Are the data sets, as requested during pre-
submission discussions, submitted in the MYes (ONo CON/A

appropriate format (e.g.. CDISC)?

2. If applicable, are the pharmacogenomic data

sets submitted in the appropriate format? [1Yes [LINo FIN/A

Studies and Analysis
3. Is the appropriate pharmacokinetic information |
submitted? MYes [JNo [ON/A

4. Has the applicant made an appropriate attempt
to determine reasonable dose individualization
strategies for this product (i.e., appropriately OYes [CONo MN/A
designed and analyzed dose-ranging or pivotal
studies)?

5. Are the appropriate exposure-response (for
desired and undesired effects) analyses conducted
and submitted as described in the Exposure-
Response guidance?

OYes [ONo MN/A

6. Is there an adequate attempt by the applicant to
use exposure-response relationships in order to
assess the need for dose adjustments for OYes [JNo MN/A
intrinsic/extrinsic factors that might affect the
pharmacokinetic or pharmacodynamics?

7. Are the pediatric exclusivity studies adequately
designed to demonstrate effectiveness, if the drug | CJYes CJNo MN/A
is indeed effective?

General

8. Are the clinical pharmacology and
biopharmaceutics studies of appropriate design
and breadth of investigation to meet basic
requirements for approvability of this product?

MYes (ONo CON/A

9. Was the translation (of study reports or other
study information) from another language needed | [(JYes MNo CIN/A
and provided in this submission?
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Filing Memo

See Attachment: Presentation slides in filing meeting.

(2 U.S. FOOD & DRUG

ADMINISTRATION

NDA 209806 ERTUGLIFLOZIN/METFORMIN FDC

Sponsor:
Merck Sharp & Dohme Corp.,

(subsidiary of Merck & Co., Inc.)
Submitted: 19Dec 2016

FILING MEETING

Clin Pharm Reviewers:  Lei He, PhD (Primary)
Manoj Khurana, PhD (Team Leader)

FDA
Clinical Pharmacology Summary .

* Applicationis fileable from a clinical pharmacology perspective.

*  OSIS consults for 1 clinical sites and 1 bioanalytical sites:
— 2 BEStudies PO27, 050.

* Topline Results
1. Noclinially meaningful PK interaction betweenthe individual components.

2. Noclinially meaningful food effect on each of individual components.

3. Since theproposed FDC product was not administered inPhase 3 studies,

o BE studies and in-vitro dissolution studiesbridged the individualtabletsused
in Phase 3 studies and the proposed commercial FDC tablets

o PK/PD study and model based meta-analysis bridged QD and BID dosing
regimen of ertuglifiozin
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Clinical Pharmacology Program

PO19

DDI study
Food effect Study PO28
BE study PO27
POS0
PO46
PO&7
PK/PD study P0O40
PO35
Model based meta-analysis Report 04J75)

Summary

* Application is fileable

* Mid-cycle deliverables
— Any approvability issues
— Confirm PKresults

* OSl inspection for BE study clinical sites and bioanalytical sites

will be requested



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

LEI HE
02/07/2017

MANOJ KHURANA
02/07/2017
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CLINICAL PHARMACOLOGY FILING FORM

NDA/BLA Number 209803 SDN 0000
Applicant Merck Sharp & Dohme Submission Date 19 Dec 2016
Corp., a subsidiary of Merck
& Co., Inc.
Generic Name Ertugliflozin Brand Name STEGLATRO (Proposed)
Drug Class Sodium glucose co-transporter 2 (SGLT2) inhibitor
Indication Indicated as an adjunct to diet and exercise to improve glycemic control in adults with
type 2 diabetes mellitus.
Dosage Regimen e  The recommended starting dose of TRADEMARK is 5 mg once daily. taken in the

morning, with or without food

e Dose may be increased to TRADEMARK 15 mg once daily in those tolerating
TRADEMARK and needing additional glycemic control

e  Assess renal function before initiating TRADEMARK. Initiation of TRADEMARK is
not recommended in patients with an eGFR less than %mI/min/1.73 m’

. ®@
. ® @
®
Dosage Form Film-coated tablets: 5 mg Route of Administration Oral
and 15 mg
OCP Division DCP 2 OND Division DMEP
I OCP Review Team Primary Reviewer(s) Secondary Reviewer/ Team Leader I
Division Suryanarayana Sista, PhD Manoj Khurana, PhD
Pharmacometrics Lian Ma, PhD Nitin Mehrotra, PhD
PBPK Suryanarayana Sista, PhD Manuela Grimstein, PhD
Genomics
Review Classification M Standard [ Priority [J Expedited
Filing Date 1/30/2017 74-Day Letter Date 3/3/2017
Review Due Date 8/19/2017 PDUFA Goal Date 12/19/2017
I Application Fileability I
Is the Clinical Pharmacology section of the application fileable?
M Yes
U] No

If no list reason(s)

Are there any potential review issues/ comments to be forwarded to the Applicant in the 74-day letter?

L] Yes

™M No

If yes list comment(s)

Is there a need for clinical trial(s) inspection?

M Yes

L] No

If yes explain: Study P023 is a pivotal clinical pharmacology bridging study establishing bioequivalence between the
clinical trial material used in Phase 3 studies and the to-be-marketed commercial batch. Therefore, an inspection of the
bioanalytical and clinical trial sites is requested.

I Clinical Pharmacology Package I
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Tabular Listing of All Human Studies M Yes [J No Clinical Pharmacology Summary M Yes [J No
Bioanalytical and Analytical Methods B Yes (0 No  Labeling M Yes [J No
Clinical Pharmacology Studies
Study Type | Count | Comment(s)
In Vitro Studies
. .. pk045mk8835 (PF-04971729/31Mar09/162240), pk046mk8835 (PF-
& Metabolism Characterization 3 04971729 060ctl5 130356), pk047mk8835 (PF-04971729 01Decl5 044314)
. pk062mk8835 (PE-0497 1 729 09 Mar I I 081536), pk063mk8835 (PE-
M Transporter Characterization 2 04971729 30Marll 162655)
A pk036mk8835 (PF-04971729/07May09/102049), pk038mk8835 (PE-
Distribution 2 04971729/047un09/143527)
pk050mk8835 (PF-04971729/14JUN09/125135), pk050mk8835 (PF-
04971729 11Marl5_122850), pk052mk8835 (PF-06481944 01Jull5_101545),
pk053mk8835 (PF-06685948 01Jull5_101636), pk054mk8835 (PF-
04971729/19Nov08/125201), pk055mk8835 (PF-04971729 30Janl5_120553),
pk056mk8835 (PF-06481944 04Sepl5_120049). pk057mk8835 (PF-
06685948 04Sepl5_120321), pk058mk8835 (PF-04971729 21Mayl5 113856),
pk060mk8835 (PF-06481944 29Junl5 151558), pk061mk8835 (PF-
. 06685948 29Junl5 155303), pk064mk8835 (PF-04971729 13Julll_131709),
M Drug-Drug Interaction 24| Jk065mkS835 (PF-04971729 25Marl4_114705), pk066mkS835 (PE-
04971729 _30Sepl5_140916), pk067mk8835 (PF-04971729 100ct12_115403),
pk068mk8835 (PF-04971729 05Nov15 032208), pk069mk8835 (PF-
04971729 06Sepl1 153120), pk070mk8835 (PF-04971729/18 Aug09/143816).
pk071mk8835 (PF-04971729_09Marll_081536), pk072mk8835 (PF-
04971729 20Decl10_144638), pk073mk8835 (PF-04971729 10Junll 140913),
pk074mk8835 (PF-04971729 06Augl0_111034), pk075mk8835 (PF-
06481944 04Nov15 013302), pk076mk8835 (PF-06685948 04Novl5 013350)
| In Vivo Studies
Biopharmaceutics
Absolute Bioavailability 1 P020/1043
M Relative Bioavailability 1 P011/1034
Bioequivalence 1 P023/1037
M Food Effect 1 P024/1048
] Other
Human Pharmacokinetics
Healthy Single Dose 1 P036/1001
Subjects M Multiple Dose 2 P037/1002, P035/1051
Patient Single Dose 1 P040/1007
atients .
[] Multiple Dose
Mass Balance Study 1 P038/1003
[J Other (e.g. dose proportionality)
Intrinsic Factors
M Race 1 P041/1009
[ Sex
[ Geriatrics
[] Pediatrics
M Hepatic Impairment 1 P014/1024
M Renal Impairment 1 P009/1023
[ Genetics
Extrinsic Factors
Effects on Primary Drug | 5 | P019/1032, P021/1040. P022/1033, P030/1036, P032/1044
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M Effects of Primary Drug
Pharmacodynamics
M Healthy Subjects

| P019/1032, P022/1033, P030/1036, P032/1044

Total Number of Studies to be Reviewed: 57

M Patients

Pharmacokinetics/Pharmacodynamics

M Healthy Subjects 1* | P035/1051°

[ Patients

M QT P010/1025
Pharmacometrics

M Population Pharmacokinetics 1 04J75F

M Exposure-Efficacy 2 043759, 04J75]
L1 Exposure-Safety

M Other 2 04J75L° 04J9DB*
Total Number of Studies 57

In Vitro 31

In Vivo

26

Study numbers repeated

®Non-Compartmental Meta-Analysis of Ertugliflozin PK Parameters
“Relationship between Urinary Glucose Excretion and Ertugliflozin Dose
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Criteria for Refusal to File (RTF)

RTF Parameter

Assessment

Comments

1. Did the applicant submit bioequivalence data
comparing to-be-marketed product(s) and those
used in the pivotal clinical trials?

MYes [(INo CON/A

2. Did the applicant provide metabolism and
drug-drug interaction information? (Note: RTF
only if there is complete lack of information)

MYes CONo COON/A

3. Did the applicant submit pharmacokinetic
studies to characterize the drug product, or submit
a waiver request?

MYes (ONo CON/A

4. Did the applicant submit comparative
bioavailability data between proposed drug
product and reference product for a 505(b)(2)
application?

MYes [INo CON/A

5. Did the applicant submit data to allow the
evaluation of the validity of the analytical assay
for the moieties of interest?

MYes (ONo CON/A

Human Plasma:

B1529001 [04GRNY]. B1529003
[04GRPY. 04GRPX]. B1529004
[04GRPZ]. B1529005 [04GRQV].
B1529008 [04GRQY. 04H3RN, 04J0Z2,
04J0ZT]

Human Urine

B1529002 [04GRNZ], B1529006
[04GRQW]

Human Plasma Dialysate
B1529007 [04GRQX]

6. Did the applicant submit study reports/rationale
to support dose/dosing interval and dose
adjustment?

MYes [INo CON/A

7. Does the submission contain PK and PD
analysis datasets and PK and PD parameter
datasets for each primary study that supports
items 1 to 6 above (in .xpt format if data are
submitted electronically)?

MYes (ONo CON/A

8. Did the applicant submit the module 2
summaries (e.g. summary-clin-pharm, summary-
biopharm, pharmkin-written-summary)?

MYes CONo CON/A

9. Is the clinical pharmacology and
biopharmaceutics section of the submission
legible, organized, indexed and paginated in a
manner to allow substantive review to begin?

If provided as an electronic submission, is the
electronic submission searchable, does it have
appropriate hyperlinks and do the hyperlinks
work leading to appropriate sections, reports, and
appendices?

MYes [INo CON/A

Complete Application
10. Did the applicant submit studies including
study reports, analysis datasets, source code, input

MYes [(INo CON/A

Reference ID: 4051856




files and key analysis output, or justification for
not conducting studies, as agreed to at the pre-
NDA or pre-BLA meeting? If the answer is ‘No’,
has the sponsor submitted a justification that was
previously agreed to before the NDA submission?

Criteria for Assessing Quality of an NDA (Preliminary Assessment of Quality) Checklist

Data

1. Are the data sets, as requested during pre-
submission discussions, submitted in the MYes CONo CON/A
appropriate format (e.g., CDISC)?

2. If applicable, are the pharmacogenomic data

sets submitted in the appropriate format? DYes LNo MIN/A

Studies and Analysis
3. Is the appropriate pharmacokinetic information MYes CINo CIN/A
submitted?

4. Has the applicant made an appropriate attempt
to determine reasonable dose individualization

strategies for this product (i.e., appropriately MYes [ONo CON/A
designed and analyzed dose-ranging or pivotal
studies)?

5. Are the appropriate exposure-response (for
desired and undesired effects) analyses conducted
and submitted as described in the Exposure-
Response guidance?

MYes [INo CON/A

6. Is there an adequate attempt by the applicant to
use exposure-response relationships in order to
assess the need for dose adjustments for MYes [CINo MN/A
intrinsic/extrinsic factors that might affect the
pharmacokinetic or pharmacodynamics?

7. Are the pediatric exclusivity studies adequately The initial Pediatric Study Plan (iPSP) for
designed to demonstrate effectiveness, if the drug ertugliflozin was agreed on August 26,
is indeed effective? 2013, which includes (a) a waiver for

pediatric subjects 0 to < 10 years, and (b)
a deferral of a study in pediatric subjects
10 to < 18 years until the completion of
the adult core Phase 3 glycemic efficacy
studies confirming efficacy and safety

OYes CONo MN/A

General

8. Are the clinical pharmacology and
biopharmaceutics studies of appropriate design
and breadth of investigation to meet basic
requirements for approvability of this product?

MYes [INo CON/A

9. Was the translation (of study reports or other
study information) from another language needed | (JYes [JNo MN/A
and provided in this submission?

Reference ID: 4051856



Filing Memo

The sponsor’s clinical development program for ertugliflozin includes a combination of Phase I, Phase IT and Phase III studies.
Several meetings were held between the Agency and the Sponsor (see IND 106447) for the development program of ertugliflozin. The
Phase I clinical pharmacology program for ertugliflozin comprised of 19 Phase 1 studies, 2 Phase 2 studies with sparse PK sampling
(Studies P042/1004, P016/1006). and 4 Phase 3 studies with sparse PK sampling (Studies P001/1016, P007/1017, P005/1019,
P003/1022). In addition, the following reports were submitted to the NDA: (a) PopPK, (b) exposure-response, (c) meta-analysis to
quantify the relationship between urinary glucose excretion and A1C for SGLT?2 inhibitors, (d) non-compartmental meta-analysis of
ertugliflozin PK parameters in healthy subjects, (e) characterization of the relationship between urinary glucose excretion and
ertugliflozin dose in T2DM subjects

Filing slides are listed in Appendix

IS THE CLINICAL PHARMACOLOGY SECTION OF THE APPLICATION FILEABLE? HYes CINo

If the NDA/BLA 1is not fileable from the clinical pharmacology perspective, state the reasons and provide comments to be
sent to the Applicant.

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

Comments to Sponsor: | None

Survanarayana M. Sista 03 February 2017
Reviewing Clinical Pharmacologist Date
Manoj Khurana 03 February 2017
Acting Team I eader Date
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U.S. FOOD & DRUG Clinical Pharmacology Summary FDA

ADMINISTRATION
* Application is filable from Clinical Pharmacology perspective
*  OSIS consults:

— Inspection of Studies P023 (P3 IMP versus Commercial batch)
*  Request for Sponsor:

NDA 209803 FILING MEETING . Toplne Resuls

— SD and MD PK in Healthy Subjects:

ERTUGLIFLOZIN - Oral bioavailability ~ 100%
Sponsor: = Median T, : 1 hour (fasted); 2 hours (fed)
* ty, 15.3 hours based on Pop PK analysis and similar to the estimated elimination half-life of 16.6
Mer_ck_Sharp & Dohme Corp., hours in T2DM subjects with normal renal function
(SUbs'd'arV'Of Merck & Co., Inc.) » Food does not have a clinically meaningful effect on the pharmacokinetics of ertugliflozin, and
Submitted: 19 Dec 2016 therefore ertugliflozin may be administered without regard to meals

— Once Daily vs Twice Daily Dosing:
= Attotal daily doses of 2, 4, 5, and 15 mg, there were no meaningful differences in AUC values for the
bid vs corresponding qd regimens.
— Dose Proportionality:
« Dose-proportional over the dose range of 0.5 to 300 mg
— Intrinsic Factors:
= Age, body weight, gender, race, UGT1A9 polymorphism, renal impairment, and mild or moderate
hepatic impairment do not have a clinically meaningful effect on the pharmacokinetics of ertugliflozin
— Dose-Response:
» Dose-response modeling indicates that ertugliflozin 5 mg and 15 mg result in near maximal urinary
glucose excretion (PD effect) and HbA1c lowering (glycemic efficacy), with the 15 mg dose providing
incrementally greater urinary glucose excretion and HbA1lc lowering relative to the 5 mg dose

OCP Review Team:
Sury Sista, Lian Ma, Manuela Grimstein, Manoj Khurana, Nitin Mehrotra
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FDA FDA

Clinical Pharmacology Program Overview of PK of Ertugliflozin

* Pharmacokinetics

* Clinical Pharmacology Information from: — Ertugliflozin is a BCS Class 1 drug (high permeability and high solubility)
— 19 Phase 1, 2 Phase 2, and 4 Phase 3 studies — Absolute bioavailability ~ 100%
Ertugliflozin Clinical Pharmacology Studies - T"‘a": 1hin fasted State; 2 hiin fed state
Catpory Study Deseription — ~Siuis Numbr — t;,~ 16.6 h in T2DM patients with normal renal function
PK/FD Safety Single escalating oral dose, including nitial assessmerr of  P036/100) N B . . . . . .
food effect o *  Two Phase 2 studies with — Time-independent PK; steady-state in 4-6 days following once-daily dosing
fose :]I; ::: sparse PK sampling (Studies .
e singhe bty e I TZD0 swbgoss,  POMIGOT P042/1004, PO16/1006) — Plasma protein binding - 93.6%
e e 8] bjocs: 25mg PO3SIOSE o — Exposure increases in a dose-proportional manner over the dose range of 0.5 to
bid vs 5 mg qd. 75 mg bid vs 15 mg qd = Four Phase 3 studies with 300 mg
Thorough QT study POI0/1025 PK li i
Biopharmaceutics” Absalute BA o m:lu 1043 sparse PK sampling (Studies . . . s
BE between Phase 3 and commercial tablet P023/1037 P001/1016, P007/1017, — Primarily metabolized by glucuronidation (UGT1A9, UGT2B7)
Foodeffect of conumercial tablet PO24/1048 P005/1019, P003/1022 . . . . e
Reluave BA of ausorphous fomu vs cocrysil POLL1034 ) — No clinically meaningful effect on PK of Ertugliflozin by intrinsic factors age, body
Relanve BA of MR ve IR tablete® P00 1005 0 o . . .
Special Populatien Singl: escalating dose and multiple dose sudy m Japazese  PO41/1009 welght, gender, race, UGT1A9 p0|ymorphlsm, renal impairment, and mild or
: - POLL1024 moderate hepatic impairment
d severe renal nupainkent P00/ 1023 N
DI iptinn 100 PO221033 — Low DDI potentlal
Erugliflozin 15 mg and metfeemin 10 P01 1032 L. . L. .
Ertugliflozin 15 mg and glimepiride | mg P03/ 1044 — No clinically meaningful effect of food - may be administered without regard to
Ertugliflozin 15 mg and simvastatin 40 mg PO30/1036
Ertugliflozin 15 mg and nfampin 60) mg d x 10 days P021/1040 meals
3 4
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Overview of PD of Ertugliflozin

* Pharmacodynamics

— Dose-response modeling indicates that ertugliflozin 5 mg and 15 mg result in
near maximal urinary glucose excretion (PD effect) and HbAlc lowering (glycemic
efficacy)

* 15 mg dose provides incrementally greater urinary glucose excretion and HbAlc
lowering relative to the 5 mg dose

— Alack of an effect of ertugliflozin on the QTc interval was demonstrated in the
thorough QT study at the ertugliflozin dose of 100 mg

Reference ID: 4051856

Dose Selection Rationale

Single oral doses as high as 300 mg, multiple doses of 100 mg qd up to 14
days and 25 mg qd up to 12 weeks were associated with an acceptable safety
profile in the Phase 1 and Phase 2 studies

Dose-response relationships for the change from baseline in A1C, FPG, and
body weight in T2DM subjects from a 12-week Phase 2 dose-ranging study
(Study P016/1006) was the key driver for Phase 3 dose selction

Relationship between change from baseline in HbAlc or FPG or body weight
at Week 12 vs dose was described by an maximum effect (E,,) model that
included dose as a continuous variable

Model-Predicted Placebo-adjusted Change from Baseline Responses for
Key Endpoints Based on Phase 2 Studics

Ertuglifiozin Dose ALC (%) FPG (mg/dL) Bedy weight (%) UGE.. (2)
(ing) EDw~1.0mg ED«w~1.1 mg EDy~08 mg ED4~0.75 mg
Epy=-0.77% Epae=-34.8 mg/dL Epu=-211% Ep=7L5g
-

5 -0.64 2254 -181 625
15 0.712 =314 -200 689

Dose-response modeling of the PD marker, 24-hour UGE, in subjects with
T2DM from the 4-week Phase 2 Study P042/1004 also contributed towards
dose selection in Phase 3 studies

10




Dose Selection Rationale FOA

USE (g24hr)
L
v

]
3

oo Lo
phcebo I T2 1
Ertgifozh Dose ima)

UGE versus Ertugliflozin Dose in T2DM Subjects

Model estimated a maximal baseline-adjusted UGE(0-24) response [95% Cl]
of 71.5 [57.9 to 87.3] g/day and an EDs, [95% Cl] of 0.752 [0.299, 1.58] mg
Baseline UGE (95% Cl) was estimated as 2.37 [1.69, 3.37] g/day and 0.622
[0.381, 1.03] g/day, respectively, for males and females
Predictions of UGE [90% Cl] following 28 days of administration:

— For the 5 mg ertugliflozin dose, the mean UGE prediction was 62.5 [54.9, 69.7) g/day

— For the 15 mg ertugliflozin dose, the mean UGE prediction was 68.9 [58.9, 78.7] g/day

~

Results — in vitro Studies FOA

Absorption

Ertugliflozin is a substrate for both P-gp and BCRP efflux transporters

Distribution

Mean in vitro plasma protein binding was 93.6% at concentration of 2.3 uM and 94.7% at a
concentration of 23 uM

In human whole blood, ertugliflozin distributed preferentially into plasma relative to red blood
cells with a blood-to-plasma concentration ratio of 0.66

Metabolism

Glucuronidation of ertugliflozin accounts for approximately 86% of ertugliflozin metabolism in
humans

Two groups of isomeric glucuronides were detected, the first group included M5a, M5b, and
M5c derived directly from parent and the second group, M6a, M6b, and Méc, resulted from
glucuronidation and desethylation

Primary enzyme involved in the glucuronidation of ertugliflozin was UGT1A9 (281%) with minor
contributions from UGT2B7 (£19%)

CYP3A4 was the predominant CYP enzyme involved in the minor oxidative metabolism of
ertugliflozin to M1, M2, and M3, accounting for 85% to 100% of the CYP metabolism. Minor
contributions by CYP2C8 (0% to 4%) and CYP3AS5 (0% to 10%) were also observed

Reference ID: 4051856
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Results — in vitro Studies FOA

In vitro DDI

* Inhibition of CYP Enzymes
—  Ertugliflozin demonstrated little or no inhibition for the CYP enzyme activities tested, with half maximal inhibitory
concentration (ICg) >30 uM and a calculated inhibition constant (K;) of >15 uM, assuming competitive inhibition
—  Ertugliflozin did not demonstrate time-dependent inhibition of CYP1A2, CYP2B6, CYP2C8, CYP2C9, CYP2C19,
CYP2D6, or CYP3A4/S at concentrations of 100 uM or greater
— Metabolites M5c and M5a demonstrated little or no change (<20%) in time-dependent inhibitory potential for
these isozymes at concentrations up to 100 pM
* Induction of CYP Enzymes
—  Ertugliflozin did not cause induction of CYP3A4, CYP2B6, or CYP1A2 activity, however, weak mRNA induction was
observed in hepatocytes at concentrations 250 uM
— The glucuronide metabolites did not cause induction of CYP3A4, CYP2B6, or CYP1A2 mRNA expression or enzyme
activity in hepatocytes up to the highest concentration evaluated
* Inhibition of UGT enzymes
—  Ertugliflozin demonstrated little or no reversible inhibition of UGT1A6, UGT1A9, and UGT2B7 catalyzed activities
(ICq >100 uM)
—  Ertugliflozin inhibited UGT1A1 and UGT1A4 activities in the presence of 0.1% bovine serum albumin with
unbound ICg, values of 39 and 45 pM, respectively

—  Glucuronides M5c and M5a demonstrated little or no reversible inhibition of UGT-catalyzed activities for all UGTs
evaluated

Results — in vitro Studies FOA

In vitro DDI

* Inhibition of Efflux Transporters
— The IC,, of ertugliflozin-mediated inhibition of P-gp or BCRP was estimated to be 176 uM and ~100 uM,
respectively (K; of 176 uM and ~100 pM, respectively)
— M5Sc and M5a demonstrated little to no inhibition of P-gp or BCRP at concentrations up to 100 uM
* Inhibition of Hepatic Uptake Transporters
—  Ertugliflozin inhibited the OATP1B1-, OATP1B3-, and OCT1-mediated transport of the respective probe substrate,
with ICg, values of 35.4, 141, and 53 pM, respectively (K, of 17.7, 141, and 53 pM, respectively)
— Ms5c inhibited OATP1B1- diated uptake of in, with a corresponding ICg, of 59.3 uM (Ki = 29.7 pM)
— M5c and M5a did not inhibit OATP1B3, and M5a d d little to no inhibition of OATP1B1-mediated uptake
of rosuvastatin at concentrations up to 100 uM
* Inhibition of Renal Uptake Transporters
—  Ertugliflozin did not inhibit OAT1 at the highest concentration evaluated (250 pM)
—  Ertugliflozin was a weak inhibitor of OAT3- and OCT2-mediated port, with esti d ICg, of 70 uM (K; of 70
uM) for OAT3 and 917 uM (K of 917 pM) for OCT2
— M5c and M5a had little to no inhibition of OAT1-, OAT3-, or OCT2-mediated uptake of the respective probe
substrate at concentrations up to 100 uM
* Transporter Substrate Potential - Hepatic Uptake Transporters
— Hepatic uptake transporters OATP1B1, OATP1B3, and OATP2B1 do not contribute significantly in facilitating the
entry of ertugliflozin into hepatocytes
—  Ertugliflozin was not a substrate for OCT1
* Transporter Substrate Potential - Renal Uptake Transporters
—  Ertugliflozin was not a substrate for human OAT1, OAT3, and OCT2 10

Reference ID: 4051856
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Food-Effect

Median Plasma Ertugliflozin Concentration-Time
Plot

Phase 1 Safety, Tolerability of SAD Study and [5)\

Individual and Mean Dose-Normalized Ertugliflozin

AUC,; by Treatment
A
. 5 %
$ X
. . (v
% ¢ « .
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Phase 1 Safety, Tolerability of SAD Study and

Food-Effect

Individual and Mean Dose-Normalized Ertuglifiozin

Cinax by Treatment
{ : = L .
: e 2 & -
= - .
[] - , .
) K

Box and Whisker Plot of Urinary Glucose Excretion
over 0-72 hours

LS

|

T

" Summary of Plasma and Urine PF-04971720 PK Parameter Values

Following Single Oral Doses

Parameter Summary Statistics’ by PF-04971720 Dowe

Parameter, 05mg 25mg 10mg  30mg 100mg 300mg 100 mgFed
Units Colwrt] _Cobort2 _Cohort1 _Cohort2 _Cobort] _ Cohort2 _ Cobort1
N 3 8 H s s 7 ”

AUCy ex*boml 4570100 212 909 (15)

2810(18)  9610(16) 26400 (16) 8230(16)

Copn g/l 2301) 232 18202 MI(4)  1620(16) 4330 (29) 824(33)
T b 10(05-15) 10(05.11) 10(0515) 10(0515) 10(0515) 10(051%5) 35(0560)
e 1409 1Y) 174G 13208 162(8)  133(Y 138G
Are 0870(20) 108(43) O0SSS(17) 110(#) 096400) 115Q17) 0977 26)

Abbrrviations PX - pharmscclunete. CV = corflieient of vanation
* Geometric wean (CV'4) for all except median (raupe) for Topy 23d anithavetsc mean (CV'%) forthy

VN = cummbes of ssbrects eviluated spamit crstens
———————————

FDA
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Phase 1 Safety, Tolerability of MAD Study FOA

Median Plasma Ertugliflozin Concentration-Time

Plot Cumulative UGE (g) Over 0-24 Hours, Days 1 and 14

L™

S . o .
1w f . =@ .

" ‘9
o - "o
1] .
) L)
Coen b h ‘
Day 14

1 Placebo; 2 1 mg;3 5mg;4 25 mg; 5 100 mg

13

Reference ID: 4051856

Intrinsic Factors: Ethnicity FOA

Median Plasma Ertugliflozin Concentration-Time Profiles in Relationship Between Ertugliflozin Dose-N'ormallzed AUCl,,,
Japanese and Western Healthy Subjects Following Single Oral Doses Values and Dose by Population

There were no meaningful ethnic differences in Ertugliflozin exposure (C,,., and AUC,,,) and Ertugliflozin -
induced UGE between Japanese and Western healthy subjects 14

14




Median Plasma Ertugliflozin Concentration-Time Profiles by Hepatic

GMR and 90% CI for Ertugliflozin AUCinf, AUClast, and Cmax (Moderate
Function Group Following Single Oral Doses of Ertugliflozin 15 mg

Hepatic Impairment versus Normal Hepatic Function)

Moderate hepatic impairment did not result in an increase in the exposure of ertugliflozin. The slight decrease
in C,, and AUC observed in subjects with moderate hepatic impairment compared to subjects with normal
hepatic function is not anticipated to be clinically relevant

Intrinsic Factors: Hepatic Impairment FOA

15
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Intrinsic Factors: Renal Impairment

Median Plasma Ertugliflozin C ion-Time Profiles

Single 15-mg Oral Dose by Renal Function Group

Regression and 90% Cl of Ln AUCInf After Oral Administration of
Ertugliflozin Versus BSA-unnormalized eGFR in Subjects with Varying
Degrees of Renal Function

FOA

16
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Intrinsic Factors: Renal Impairment R

Regression and 90% O of Ln CL/F After Oral Administration of
Versus BSA <GFR Varying Ln Change from Baseline in 24-Hour UGE Versus BSA-Unnormalized
Degrees of Renal Function eGFR

[

T T N T O P T R T T A T T

Ertuglifliozin pharmacokinetics were similar between healthy and T2DM subjects with normal renal
function.

Systemic exposure (AUC, ) of ertugliflozin was higher in subjects with mild, moderate and severe renal
impairment. The mean increases in exposures were less than 2-fold and are not anticipated to be clinicall
meaningful

The change from baseline in 24-hour UGE on Day 1 for T2DM subjects with mild, moderate and severe renal
impairment decreased with decline in renal functi pared to T2DM subjects with normal renal

function 17
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DDI - Effects of Commonly Co-administered [5Y)
Drugs on the PK of Ertugliflozin

Geometric mean ratio (90% Cl)

Sdagliptin, 100 mg, single dose  AUC - 102 27 (99 72-104 89)
Crnax ——— 98.18 (91 20-105.70)
Metformin, 1000 mg, single dose  AUC s =] 100.34 (97.43-103.24)
Cmax —— 97.14 (88.77-106.30)
Climepinde, 1mg, single dose AUC e 10211 (97.19-107 27)
Cmax —r—t 98.20 (92.17-104.63)
Simvastatin, 40 mg, single dose  AUC re 102.40 (99.57-105.31)
Crmax H—— 105.16 (98 26-112 54)

Rifampin, 800 mg, onca daily AUC —_-— 61.16 (57.22-65.37)

Cmax —— 8462 (74 17-96 53)

50 75 100 125 150

Relative to ertuglifiozin alone (%)
All ertuglifiozin doses were given as 15 mg single dose
Reference line indicates 100%
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FDA
Food-Effect (Commercial Image Tablet) .

Median Plasma Ertugliflozin Concentration-Time
Profiles Following Single Oral Doses

e Crces
/
/

eckos Phmma 1

Individual Ratios, G ic Mean Ratio and 90% CI
for Ertuglifiozin AUC,,, AUC,,,, and C,,,,

a
a

@O0 D
re

[earer

Food delayed median T,,,, by 1 hour and reduced mean C_,, by approximately 29% compared to fasted conditions.
The decrease in ertugliflozin C,,,, with food is not anticipated to be clinically rel Ertugliflozin may be

DDI - Effects of Ertugliflozin on the PKof 1)\
Commonly Co-administered Drugs
Geometric mean ratio (90% ClI)
Sitagliptin, 100 mg, single dose  AUC - 101.67 (96.40-105.04)
Cmax —t— 101,68 (91 65-112.80)
Metformin, 1000 mg, single dose AUC —_— 10094 (90 62-112 44)
Cmax i 94.00 (82.94-106.55)
Glimepirice, 1mg, single dose AUC H—— 109.80 (98.14-122 8€)
Cmax 97.39 (71.07-133.46)
Simvastatin, 40 mg. single dose  AUC 123 83 (90 92-168 66)
Cman H— 119.05 (97 22-145.77)
Simvastatin Aci AUC ——— 130.46 (108.32-157.13)
(Administered as Simvastatin)  Cma —_— 115.66 (95.74-130.71)
100 150 200
Relative to concomitant medication alone (%)
All ertuglifiozin doses were given as 15 mg single dose
Reference line indicates 100% 19

administered without regard to meals

20
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Steady-State PK/PD: 5mgand 15 mgqd  |ga
versus 2.5 mg and 7.5 mg bid

Median Plasma Ertugliflozin Concentration-Time

Profiles on Day 6 Following Multiple QD or BID Oral Individual and Arithmetic Mean UGE (g) vs. Time

Doses Intervals for Ertuglifiozin 15 mg qd and 7.5 mg bid
N hd - v j l i ' ! : 5 ’
: : y g v ¢ I 71|
T 75 + S
- ; i ! L 1 f

I © el gt Voonoash FWAR (mghann o (0
e v S Utucheon 2t 10

Ertuglifiozin steady state exp e was equivalent when admini d as 2.5 mg BID vs. 5mg QD and as 7.5 mg

BID vs. 15 mg QD
UGEO0-24 at steady state was similar when administered as 2.5 mg BID vs. 5 mg QD and as 7.5 mg BID vs. 15 mg

Qap

PopPK Analysis FOA

Relative Covariate Effects on Ertughflozin AUC,,, (95% CI)

s 137(190-144

—— 0 (1.17-124

- 088 10 86.000

T20M Paient —-— 1.11(104.118)
Ses Female. boe 1.041.00-108)
R (Back . 1,02 10.96-107)
Rece (Asiar B 0.93 10 88-098)
Race (O s 1.0110.94-108)

100 125
Reterence of €GFR=9), Heathy, Male Whae

Ertuglifiozin phar kinetics were ad\ ly ch rized by a 2- partment model with lag time, first-
order absorption, and first-order eiminaﬁon
was esti d to be 12.0 L/hr for the reference subject: a 65 year-old, healthy, white male

wlﬂl a baseline body weight of 85 kg, an eGFR of 90 mL/min/1.73 m?, and taking ertugliflozin in the fasted state
Covariates that were determined to be predictive of ertugliflozin CL/F included baseline body weight, baselii
eGFR, T2DM status, female sex, and Asian race. Apparent clearance increased with increasing body weight and
eGFR. Apparent clearance was slightly lower in T2DM patients (vs healthy sub]ects) and females, and slightly
higher in Asian subjects. These covariate effects are not antici d to be cl y 2

Reference ID: 4051856
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Effect on QT/QTc Interval FOA

Plot of Estimated Mean Differences of QI ck With 0% Confidence
Intervals Between Ertuglifiozin and Placebo, and Moxifloxacin and Placebo

A lack of an effect on QTc interval was demonstrated with a single supratherapeutic oral dose of ertuglifiozin 100
mg

The study was adequately sensitive to assess the effect of ertuglifiozin on QTc interval, as the lower bound of the
2-sided 90% Cls for the mean difference in QTcF between moxifloxacin (positive control) and placebo was greater
than the predefined cutoff of 5 msec at each pre-specified time point (2, 3, or 4 hours) post dose

Reference ID: 4051856

Exposure-Response Modeling for Ertugliflozin Hia

Final Model Parameter Estimates for the
Reference Subject

Lowee 95% Bousd

Predicted Mean Ertugliflozin Change from
Baseline and Placebo-Adjusted Change from
Baseline A1C Response [95% Confidence
Intervals] for the Representative Patient at
Week 26

Mean CFB 954 €1

bo-Adrested CFB [99% C1)

0674 10,505, .55

0738 [0.869, 0.626]
Q0611 10134, -0.000060] 00611 10,134, -COOAE

0739 [D.346, 0625[-0.78, 0.452]

15 mg Respomse. Bect of
Ritampin (41

0,526 (75, 1772 071310841, 0.601)
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Exposure-Response Modeling for Ertugliflozin

Predicted Effect of Renal Function on Mean
Ertugliflozin Placebo-Adjusted Change from
Baseline A1C Response at Week 26

3 mg Noaral Ressd Fencson: «GHR of 148 0.7
mbia]. 3 m, b

AIC 8%, diatetes

Group Estimute | Lower 995 Bound

0902

Upger 9% Bound

0539

nxn

%. dishetes

S mg Mild Roral Impaimment: €GFR 075 | 068 |
i1 AIC 815

FDA

Observed and Final Model-Predicted Mean
A1C Response versus Ertugliflozin Dose by

Study at Week 26

Stuey P161008 Study POTHO1E Study POOT/IOIT
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PBPK Modeling to Estimate UGT-mediated |&a
DDI for Ertugliflozin

Ertugliflozin Metabolism and Disposition

CYP fm=C.12
UGT fm =086 =

Glue = 46%
Oxic = 7%

e wpsied 15 o o, vehAS W KRG
Gluc 4B% ,"\0x v snsurgton bet e besrce of
ey w3 e opan sy
srong Sutied 9ng relted mavares 05
coaeevnd meces ad use

Dapagliflozin and Ertugliflozin Elimination
Model Development Strategy

(CLp= CL)/(B/P) = CLyyp merat (/o)

f. CYP (14C ADME)

UGT Clyyy, i)

- SimCY?, Retrograde model estimates UGT Cl, , (ul/min/mg)

UGT Cling sested,y mi/min/g)

fr Kidney

Liver UGT Cli, scajed, (mmiv/ig)
fm UGTIAS | fm UGT287 { In vitro phenotyplag)

UGTIAS O e, (mi/mingig) UGT287 O, perng,. (ml/minfig)
UGTIA9 Cly o {l/min/mg) UGTIB7 Clyy,,+ (u/min/mg)

[
=]
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Simcyp® Predicted vs Observed Ertugliflozin
Plasma Concentration vs Time Profile
Following Multiple 15 mg Oral Doses

Spvtermbe Car cartramce (g ek |

—) . UL |

PBPK Modeling to Estimate UGT-mediated |&a
DDI for Ertugliflozin

Simcyp® Predicted vs Observed Dapagliflozin
Plasma Concentration vs Time Profile
Following a Single 10 mg Oral Dose

Time ()

—) C3 92N parcertie s T rcerth + wofec i meP ovi |

N
~

PBPK Modeling to Estimate UGT-mediated |&a

DDI for Ertugliflozin

Simcyp® Predicted vs Observed Mefenamic Simcyp® Predicted Ertugliflozin Plasma
Acid Plasma Concentration vs Time Profile Concentration vs Time Profile With or
Following a Single 500 mg Oral Dose Without Coadministration of Mefenamic Acid
(¥ 180140}
=SS 2
_S“ - : - > s 1007+0;
B e i
i g
j o Bsze - &
§ g o
r...; 0] ) ’ . Time - Substrate (h)
LU I e Tl L 9 percectle & Sunect N S0y | —on = I
The modeling and simulati Its indi d that the exp d drug interaction between ertugliflozin and

mefenamic acid would be less than 2-fold and similar to that between dapagliflozin and mefenamic acid
The application of PBPK modeling would support a waiver for the conduct of a clinical DDI study with
ertuglifiozin and a UGT inhibitor

Reference ID: 4051856
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Phase 3 Program FOA Phase 3 Results: A1C (%): LS Mean Change &
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Phase 3 Results: A1C (%): LS Mean Change
from Baseline Over Time

Study P002: Ertugliflozin vs Glimepiride as Add-On Study P0O5: Ertuglifiozin Plus Sitagliptin Factorial

to Metformin Study Study
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Phase 3 Results: A1C (%): LS Mean Change

from Baseline Over Time

Study P006: Add-On to Metformin Plus Sitagliptin Study P017: Ertugliflozin Plus Sitagliptin Initial
Study Combination Study
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Phase 3 Results: A1C (%): LS Mean Change
from Baseline Over Time

A1C (%): Change from B at Primary imepoi
Study P001: Moderate Renal Impairment Study by Study
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Phase 3 Results: A1C (%): LS Mean Change
from Baseline Over Time

A1C (%): Forest Plot of Change from Baseline at Week 26 for All Subgroups
(Point Estimat'e a:‘ni' 95% anﬁ‘qence Interval)
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Review Deliverables

e Confirm PK/PD Results
* Dose Selection

* Exposure Response

e Pop PK

* PBPK for DDI

35
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