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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 A1c 

(HbA1c) 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 [IC50] = 0.877 nM) compared to SGLT1 (IC50 = 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, P005/1019, 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. 
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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 HbA1c 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 HbA1c 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 

HbA1c 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 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 (AUC24) 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 AUC24 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 UGE24 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 AUC24 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 AUC24 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 m2. 
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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). 

 

 
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 Cmax 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 μg/mL (2.3 μM), 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-ß glucuronide, or M5c and 2-O-ß 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: 

 

 
Figure 2 Proposed Metabolic Pathway for Ertugliflozin 

 

3.2.2.4 Elimination 

Following an intravenous microdose of 100 μg 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 [14C]-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. 
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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 

UGT1A6, 1A9, or 2B7 in vitro and was a weak inhibitor (IC50 >39 μM) of UGT1A1 and 1A4. 

Ertugliflozin glucuronides did not inhibit UGT1A1, 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 AUCinf and Cmax of 

ertugliflozin by 39% and 15%, respectively.  Dose - HbA1c 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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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 Cmax 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% CI:57.9, 

87.3) g and an ED50 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% CI: 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/1.73m2, the UGE was predicted  to be 

29.5 g. 

 

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 ΔΔQTcF 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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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 HbA1c 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 HbA1c 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 (AHAs) (Table 1).  Placebo-corrected reductions in HbA1c 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 

 
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 Least Squares Mean Change from Baseline in A1C (%) at Week 52 in Study 

P002/1013, FAS (constrained longitudinal data analysis); Excluding Rescue 
Approach 

(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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Change From Baseline in HbA1c: 

Least Squares mean changes from baseline in HbA1c over time showed that the initial reductions in mean 

HbA1c at Week 6 were followed by smaller subsequent reductions at each time point through Week 26. 

Baseline mean HbA1c 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 HbA1c throughout the 

study.  Both treatments reached statistical significance (p<0.001 for both treatments) when compared to 

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 HbA1c: 

LS mean changes from baseline in HbA1c over time, excluding data after initiation of glycemic rescue 

therapy showed that large reductions in mean HbA1cHbA1c in the ertugliflozin groups through Week 12 

were followed by smaller reductions through Week 26.  Baseline mean HbA1c 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 HbA1c 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 HbA1c throughout the study.  Both treatments reached 

statistical significance (p<0.001 for both treatments) when compared to placebo. 
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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 HbA1c: 

LS mean changes from baseline in HbA1c over time, excluding data after initiation of glycemic rescue 

therapy, show that in the ertugliflozin groups, reductions from baseline in HbA1c 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 

HbA1c 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 

HbA1c through Week 18; thereafter, a small reduction in HbA1c 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 HbA1c: 

LS mean changes from baseline in HbA1c over time, excluding data after initiation of glycemic rescue 

therapy showed that large reductions in mean HbA1c in the ertugliflozin groups through Week 12 were 

followed by smaller reductions through Week 26.  Baseline mean HbA1c 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 HbA1c 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 m2), 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 m2) is not recommended.  Use of ertugliflozin in patients whose eGFR later falls 

persistently between 30 and 60 mL/min/1.73 m2 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 Is the 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 HbA1c 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 HbA1c at Week 12 (primary efficacy 

endpoint) is shown in Table 2. The dose-response relationship in change from baseline of HbA1c 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 3 Model-Predicted Placebo-adjusted Change from Baseline Responses for Key 
Endpoints Based on Phase 2 Studies 

 
(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 HbA1c 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 HbA1c 

 

The applicant additionally conducted population dose-response analyses on HbA1c 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 HbA1c 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 

 
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 HbA1c 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 HbA1c 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) HbA1c 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 HbA1c was generated as the difference between 
each subject’s individual prediction of HbA1c and baseline HbA1c. 

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 Cmax 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 Cmax, respectively. This slight decrease in AUC and Cmax observed in subjects with 

moderate hepatic impairment was not considered to be clinically relevant. Terminal ertugliflozin t1/2 

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 

 
a 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 UGT2B7 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 AUCinf 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. 

 

 
Figure 15 Regression and 90% CI of Ln AUCinf 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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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/1.73m2. 

 

 
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 Cmax and AUClast increased with dose in an approximately dose 

proportional manner in both populations.  No meaningful ethnic differences were observed in dose-

normalized ertugliflozin Cmax and AUClast 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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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). 

 

 
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 UGT1A9 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 (AUCinf after single-dose or AUC24 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% CI 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. 

 

 
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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4. APPENDICES 
 

Tabular Listing of Phase 1 studies Providing Clinical Pharmacology Data 

 

Phase 1 Studies 

 
 

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, P005/1019, P003/1022). 
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Table 4.1.2-1: Bioanalytical Methods Summary 

 
%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. 
c This study also measured the total 14C in urine using accelerator mass spectrometry by  following  standard 

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) 

 

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) 

 
(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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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 
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a Data from Phase A was included; Abbreviations: RI=Renal impairment, PK=Pharmacokinetics, T2DM=Type 2 

diabetes mellitus, QD=Once daily, BID=Twice daily, QT=Time interval from Q wave start to T wave end, 

HbA1c=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 (eGFR≥ 90 mL/min/1.73 m2), 41% had mild 

renal impairment (60 ≤eGFR < 90 mL/min/1.73 m2), 14% had moderate renal impairment (30 ≤ eGFR < 

60 mL/min/1.73 m2), and 1% had severe renal impairment (eGFR < 30 mL/min/1.73 m2).  
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Table 4.3.1-2 Summary of Baseline Demographic Covariates for Analysis 

 
 (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 (Vc/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 (CIs) 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 m2 (based upon the minimum value considered as 

normal renal function). 
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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 

 
(Source: Applicant’s Population PK report, Table 8) 
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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 Vc/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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4.3.2 Applicant’s Dose-Response Analysis 
 

The applicant conducted population dose-response analyses in T2DM subjects to: 

 Describe the appropriate structural exposure-response or dose-response model and quantify the 

population response and variability in glycated hemoglobin (HbA1c) lowering of ertugliflozin. 

 Describe the effects of intrinsic (e.g. demographic, baseline HbA1c, renal function), diabetes 

duration and/or extrinsic (e.g. background treatment, lead-in time) factors on ertugliflozin HbA1c 

exposure-response. 

 

Data from one phase 2 and four phase 3 studies were included in the exposure (and dose) versus HbA1c 

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 
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(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 

 
(Source: Applicant’s Summary of Clinical Pharmacology, Table 14) 
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The analysis of HbA1c 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 

HbA1c 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 HbA1c 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 HbA1c 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 HbA1c. Two inter-individual variance parameters were included in the final 

model, one each associated with the baseline HbA1c (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 HbA1c, baseline eGFR, duration of 

diabetes and anti-hyperglycemic background treatment on Emax, and age and baseline body weight on 

ED50. 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 ED50 in the final model were as follows: 

 

 
 

In these equations, θ2 represents placebo, θ14 the scalar describing the effect of baseline HbA1c on PBO, 

θ4 represents Emax, θ6 the scalar describing the effect of baseline HbA1c on Emax, θ8 the scalar describing 

the effect of eGFR on Emax, θ11 the scalar describing the effect of diabetes duration on Emax, θ12 the scalar 

describing the effect of other background antidiabetic treatment on Emax (not metformin or diet and 

exercise alone), θ13 the scalar describing the effect of a background of diet and exercise alone on Emax, θ5 

represents ED50, θ9 the scalar describing the effect of baseline age on ED50, and θ10 the scalar describing 

the effect of baseline weight on ED50. 

 

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 ED50 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 

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

 

Table 4.3.2-4 presents ertugliflozin placebo-adjusted CFB HbA1c 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 ED50 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 HbA1c 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 

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

Table 4.3.2-5 presents model predicted ertugliflozin mean placebo-adjusted CFB HbA1c 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 HbA1c and diabetes duration, since all three of these covariates have a significant impact on 

HbA1c response. Covariates associated with ED50, 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 
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(Source: Applicant’s Dose-response analysis report, Table 8) 

 

Applicant’s conclusion for the ertugliflozin dose-response analysis for HbA1c response: 

 The HbA1c efficacy data were adequately described by a longitudinal Emax dose-response model. 

 The covariates baseline HbA1c, baseline eGFR and diabetes duration had an influential impact on 

Emax, and baseline age had a influential impact on ED50. Other background treatment on Emax was 

significant, but was confounded by study (MK-8835-001/B1521016). Emax increased with 

increasing baseline HbA1c and eGFR, and decreased with increasing disease duration. While age 

was significant predictor of ED50, it was not well estimated and variable. Diet and exercise alone 

as a background treatment on Emax and baseline weight on ED50 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 HbA1c responses in Stage 3a CKD were -0.458% and -

0.518%, respectively. 
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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 M5a are 

pharmacologically inactive at clinically relevant concentrations, however, they are present at ~50% and 

~25% of circulating ertugliflozin concentrations after oral administration of [14C]ertugliflozin.  Hence, the 

potential for M5c and M5a mediated DDI was evaluated in vitro.  Assessment of CYP, UGT, P-gp, and 

BCRP DDI risk in the gastrointestinal (GI) 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 CmaxR 

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/UGT2B7 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 

Simcyp (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 

 
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 

 
(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 (fa) 

data were obtained from mass balance study (P038/1033), an absolute bioavailability study (P020/1043) 

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

 

The metabolism and disposition of ertugliflozin is described in Figure 4.4.3-1. 
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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 (fm) and excretion (Fe) of 

ertugliflozin are summarized in Figure 4.4.3-2. 

 

 
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  

fm UGT = 0.86, fm 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 (CLr = 0.1 L/hr) from clinical studies.  The IV PK profile showed 

biphasic distribution therefore an additional compartment was modeled. A Vss value of 1.23 L/kg from the 

IV pharmacokinetic study was used and parameter estimation in Simcyp estimated Vsac, 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 (Fa) value was set at 1 and the CV was 

set to 0% to capture AUC. The human Peff was estimated from the in vitro Caco-2 results. The Ka value 

was estimated by comparison of the sensitivity analysis of Cmax in Simcyp across a Ka range of 0.1 to 2 to 

the observed Cmax of the oral 15 mg dose.  Based on individual Ka values input into Simcyp, a value of 

Ka=1.2 captured the observed Cmax of the clinical studies. Review of the PK profile, sensitivity analysis 

and subsequent simulations determined that Tlag = 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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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. 

 

 
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 

 
(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 Ki values of 0.038 μM and 0.051 μM, 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 Cmax 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 

 
(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 

 
(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) 

 

 

 
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 fm and Fe values based on the input parameters were compared with the observed 

fm and Fe values.  During model development, 10% of the UGT clearance (CLint,scaled,u) was attributed to 

metabolism in the kidney and subtracted from the systemic UGT enzymatic clearance to calculate the 

liver UGT clearance (CLint,scaled,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 

fm UGT1A9 = 0.70 and fm UGT2B7 = 0.17 were similar to the observed fm UGT1A9 = 0.70 and  

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

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

fm CYP2C8 = 0.005.  These simulation results provided verification of the absorption, distribution and 

mechanistic fm UGT and fm 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 

 
(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) 

 

 

 
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) 
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Simcyp model predicted dapagliflozin fm and Fe values (fm UGT1A9 = 0.81, fm UGT2B7 = 0.076,  

fm CYP = 0.094 and urine Fe = 0.018) were similar to the observed values (fm UGT1A9 = 0.80,  

fm UGT2B7 = 0.09, fm 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 

 
(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) 

 

 
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 CmaxR = 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 CmaxR 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 

 
(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) 

 

 
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 

 
(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) 

 

 

 
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 UGT2B7 inhibition to 

evaluate the impact of (a) Ki values and (b) UGT fm 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 μM) and 

UGT2B7 (Ki = 0.026 μM), the Simcyp model-predicted DDI following administration of ertugliflozin and 

mefenamic acid resulted in an AUCR = 1.88 and CmaxR = 1.27 (Table 4.4.6-7).  Simcyp model-predicted 

DDI following coadministration of ertugliflozin (fm UGT = 0.93) and mefenamic acid estimated the 

AUCR = 1.55 and the CmaxR = 1.20 (Table 4.4.6-7). 
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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: 

 Ertugliflozin tablets: 5 mg or 15 mg once daily (QD) with or without food 
 Ertugliflozin/sitagliptin FDC tablets: up to 15 mg ertugliflozin/100 mg sitagliptin QD 

dose with or without food 
 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% CIs of the geometric mean ratios of Cmax, 
AUC0-t, and AUC0-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, AUC0-t, and AUC0-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: 

 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. 

 Section 7: The proposed labeling statements are acceptable. 
 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. 

 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 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) 

 
(Source: Study P025/1038 CSR, Table 12)  
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Statistical Analysis Results for Ertugliflozin 5 mg/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) 

 
(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) 

 
(Source: Study P048/1056 CSR, Table 12) 
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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 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 (Table 
11).  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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Table 10. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters 

 

(Source: Study P026/1050 CSR, Table 10) 

Table 11. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters 

 

(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 
PK parameters Geometric means GMR (%) (90% CI) 

(Test/Reference) Ertugliflozin 15 mg 
+ Sitagliptin 100 mg 
(Test) 

Ertugliflozin 15 mg 
(Reference) 
 

AUC0-inf (h*ng/mL) 1482 1455 101.89 (97.24, 106.76) 
AUC0-t (h*ng/mL) 1449 1428 101.46 (97.06, 106.07) 
Cmax (ng/mL) 258 262 98.18 (91.86, 104.94) 
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(Reviewer’s analysis) 
 
Table 13. Statistical comparisons for plasma sitagliptine PK parameters 
PK parameters Geometric means GMR (%) (90% CI) 

(Test/Reference) Ertugliflozin 15 mg 
+ Sitagliptin 100 mg 
(Test)  

Sitagliptin 100 mg 
(Reference) 

AUC0-inf (h*ng/mL) 7299 7192 101.48 (98.27, 104.79) 
AUC0-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 
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(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: 

 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 

 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 

 
(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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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  

 
(Source: Study P025/1038 CSR, Table 9)  
 
Table 4. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters  

 
(Source: Study P025/1038 CSR, Table 10)  
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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 

 
(Source: Study P025/1038 CSR, Table 11)  
 
Table 6. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters 
(Study P025/1038) 

 
(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: 

 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 

 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 

 
(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 

 
(Source: Study P048/1056 CSR, Table 9)  
 
Table 14. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters  
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(Source: Study P048/1056 CSR, Table 10)  
 

 
Figure 6. Median plasma 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 

 
(Source: Study P048/1056 CSR, Table 11) 
 
Table 16. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters  
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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. 
 

 
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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(Source: Study P026/1050 CSR, Table 10) 

 
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) 

Table 24. Statistical summary of treatment comparisons for plasma sitagliptin PK parameters 

 

(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: 

 Primary: to estimate the effect of sitagliptin on ertugliflozin PK and the effect of 
ertugliflozin sitagliptin PK 

 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 

 
(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 

 
(Source: Study P022/1033 CSR, Table 10) 
 
Table 27. Statistical comparisons for plasma ertugliflozin PK parameters 
PK parameters Geometric means GMR (%) (90% CI) 

(Test/Reference) Ertugliflozin 15 mg 
+ Sitagliptin 100 mg 
(Test) 

Ertugliflozin 15 mg 
(Reference) 
 

AUC0-inf (h*ng/mL) 1482 1455 101.89 (97.24, 106.76) 
AUC0-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 

 
(Source: Study P022/1033 CSR, Table 12) 
 
Table 29. Statistical comparisons for plasma sitagliptin PK parameters 
PK parameters Geometric means GMR (%) (90% CI) 

(Test/Reference) Ertugliflozin 15 mg 
+ Sitagliptin 100 mg 
(Test)  

Sitagliptin 100 mg 
(Reference) 

AUC0-inf (h*ng/mL) 7299 7192 101.48 (98.27, 104.79) 
AUC0-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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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: 

 Ertugliflozin tablets: 5 mg or 15 mg once daily (QD) with or without food 
 Ertugliflozin/sitagliptin FDC tablets: up to 15 mg ertugliflozin/100 mg sitagliptin QD 

dose with or without food 
 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. 
 

 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.  

o Following 6-day ertugliflozin administration with QD or BID dosing regimen, the 
steady state exposure of ertugliflozin (AUC0-24h) and PD (UGE0-24h) are both 
comparable between QD and BID dosing regimen.  

o Dose-response (UGE and HbA1c) 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). 

 
 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.  
 

 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.   
 

 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: 

 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. 

 Section 7: The proposed labeling statements are acceptable. 
 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. 

 Section 12.3: The labeling statements about the  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 (

 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 1a 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 (q.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, HbA1c. Also submit exposure-response analysis 
evaluating relationship between ertugliflozin exposure and HbA1c 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:  

 “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. 

 For dapagliflozin, a head-to-head comparison of QD vs. BID was conducted in a 16 week 
study D1691C00003. The results for primary endpoint HbA1c are shown below, which 
confirms that patients do not lose efficacy when switching from QD to BID dosing 
regimen. 

 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 (UGE0-24 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

 

(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. 
    

 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 
(AUC0-24h) and PD (UGE0-24h) were both comparable between QD and BID dosing 
regimen (Table 2). 

 

Table 2. Statistical comparisons for AUC0-24 and UGE0-24 on Day 6 following QD and BID dosing 
regimen 
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(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 HbA1C results and 29 reported UGE data.   
 
The developed model has been identified to characterize the observed treatment effect for 
UGE and HbA1C 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 UGE24h 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 HbA1C.  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 HbA1C in T2DM patients for 
ertugliflozin trials 
Note: Symbols represent observed effects and whiskers represent 95% CIs. 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 (UGE24h and HbA1C) achieved by 5 mg and 15 mg ertugliflozin 

Ertugliflozin dose UGE24h (g) HbA1C(%) 
ED50=0.75 mg 
Emax=71.5g 

ED50=1.0 mg 
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) 

 
(Source: Study P027/1041 CSR, Table 10)  
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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) 

 
(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) 

 
(Source: Study P050/1058 CSR, Table 10) 
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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 

 
(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 

 
(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 

 
(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 
 

 
(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 
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 metformin bioanalytical assay 
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(Source: Summary of biopharmaceutical studies and associated analysis methods-ertugliflozin/metformin FDC, Table 11) 
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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: 

 Primary: to estimate the effect of ertugliflozin on metformin PK and the effect of 
metformin on ertugliflozin PK 

 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 

 
(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 

 
(Source: Study P019/1032 CSR, Table 9) 
 
Table 4. Statistical comparisons for plasma ertugliflozin PK parameters 
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(Source: Study P019/1032 CSR, Table 10) 
 

 
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 

 
(Source: Study P019/1032 CSR, Table 11) 
 
Table 6. Statistical comparisons for plasma metformin PK parameters 
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(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: 

 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 

 To characterize the safety and tolerability of PF-04971729 
 To characterize PK of PF-04971729 
 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.  
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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:  

 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. 

 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. 

 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). 
 

 
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 

 
(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 

(Source: Study P040/1007 CSR, Table 21) 

Table 9. Summary of Weighted Mean Plasma Glucose (mg/dL) Over 0 to 24 Hours 

(Source: Study P040/1007 CSR, Table 23) 

Table 10. Summary of serum C-peptide (ng/mL)

(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: 

 Primary:  
o 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) 

o 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)  
 at total daily dosing of 15 mg when administered QD vs. BID in healthy 

subjects (15 mg QD and 7.5 mg BID) 
 

 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 

 
(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:  

 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. 

 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 

 
(Source: Study P035/1051 CSR, Table 11) 
 
Table 13. Comparisons of Plasma Ertugliflozin AUC24 on Day 6 
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(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 

 
(Source: Study P035/1051 CSR, Table 13) 
 
Table 15. Descriptive Summary of UGE0-24 (g) and IGRA (%) 
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 (Source: Study P035/1051 CSR, Table 14) 
 
Table 16. Statistical Summary of Treatment Comparisons for UGE0-24 (g) on Day 6 

 
 (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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 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  

 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 

 
(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 t½ for metformin was 11.75 
hours and 12.34 hours with and without food, respectively (Figure 8 and Tables 20, 21). 
 
 

 
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  

 
(Source: Study P028/1049 CSR, Table 9)  
 
Table 19. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters  
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(Source: Study P028/1049 CSR, Table 10)  
 

 
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 
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(Source: Study P028/1049 CSR, Table 11)  
 
Table 21. Statistical summary of treatment comparisons for plasma metformin PK parameters  

 
(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: 

 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 

 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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(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, AUC0-t, and AUC0-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). 
 
 

 
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  

 
(Source: Study P027/1041 CSR, Table 9)  
 
Table 24. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters  

 
(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 

 
(Source: Study P027/1041 CSR, Table 11)  
 
Table 26. Statistical summary of treatment comparisons for plasma metformin PK parameters  
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(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: 

 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 

 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 

 
(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, AUC0-t, and AUC0-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). 
 
 

 
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  

 
(Source: Study P050/1058 CSR, Table 9)  
 
Table 29. Statistical summary of treatment comparisons for plasma ertugliflozin PK parameters  
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(Source: Study P050/1058 CSR, Table 10)  
 

 
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 

Reference ID: 4136058



41 
 

 
(Source: Study P050/1058 CSR, Table 11)  
 
Table 31. Statistical summary of treatment comparisons for plasma metformin PK parameters  

 
(Source: Study P050/1058 CSR, Table 12)  
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 Effects of Primary Drug 4 P019/1032, P022/1033, P030/1036, P032/1044 

Pharmacodynamics   

 Healthy Subjects   

 Patients   

Pharmacokinetics/Pharmacodynamics 
 Healthy Subjects 1a P035/1051a 

☐ Patients   

 QT  P010/1025 

Pharmacometrics  
 Population Pharmacokinetics  1 04J75F 

 Exposure-Efficacy 2 04J759, 04J75J 

☐ Exposure-Safety   

 Other 2 04J75Lb
, 04J9DBc 

Total Number of Studies   57 
In Vitro 

 
In Vivo 

 

Total Number of Studies to be Reviewed: 57 31 26 

aStudy numbers repeated 
bNon-Compartmental Meta-Analysis of Ertugliflozin PK Parameters 
cRelationship between Urinary Glucose Excretion and Ertugliflozin Dose 
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Phase 1 Safety, Tolerability of MAD Study

Median Plasma Ertugliflozin Concentration-Time 
Plot Cumulative UGE (g) Over 0-24 Hours, Days 1 and 14

1 Placebo; 2 1 mg; 3 5 mg; 4 25 mg; 5 100 mg
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Intrinsic Factors: Ethnicity

Median Plasma Ertugliflozin Concentration-Time Profiles in 
Japanese and Western Healthy Subjects Following Single Oral Doses

Relationship Between Ertugliflozin Dose-Normalized AUClast

Values and Dose by Population

There were no meaningful ethnic differences in Ertugliflozin exposure (Cmax and AUClast) and Ertugliflozin -
induced UGE between Japanese and Western healthy subjects
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Intrinsic Factors: Hepatic Impairment

Median Plasma Ertugliflozin Concentration-Time Profiles by Hepatic
Function Group Following Single Oral 5oses of Ertugliflozin 15 mg

GMR and 90% CI for Ertugliflozin AUCinf, AUClast, and Cmax (Moderate
Hepatic Impairment versus Normal Hepatic Function)

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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Intrinsic Factors: Renal Impairment

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

Regression and 90% CI of Ln AUCinf After Oral Administration of
Ertugliflozin Versus BSA-unnormalized eGFR in Subjects with Varying

Degrees of Renal Function
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35

Review 5eliverables

• Confirm PK/P5 Results
• 5ose Selection
• Exposure Response
• Pop PK
• PBPK for 55I
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