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Bioequivalence Study No. 1276.6
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Bioanalytical Results:
Analyte Name: Empagliflozin

Parameter Standard Curve Samples

Concentration (nmol/mL) 1.11 2.22 111 55.4 222 665 998 1110

Inter day Precision 
(%CV)

7.5 5.2 2.8 2.3 2.2 2.2 2.6 1.7

Inter day Accuracy 
(%bias)

-0.8 0.6 1.0 0.3 -1.7 0.4 -0.2 0.1

Linearity
(range of r2 values)

0.994576 – 0.999437

Linearity Range 
(nmol/mL)

1.11 – 1110 nmol/mL

Sensitivity/LOQ 
(nmol/mL)

1.11 nmol/mL

Analyte Name: Empagliflozin

Parameter Quality Control Samples

Concentration (nmol/mL) 3.33 44.4 166 444 887

Inter day Precision (%CV) 8.0 2.5 2.2 1.9 3.0
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Inter day Accuracy (%bias) -0.2 -1.7 -2.6 -1.5 -0.5

Analyte Name: Metformin

Parameter Standard Curve Samples

Concentration (ng/mL) 1.00 2.50 10.0 40.0 100 400 1500 2200 2500

Inter day Precision 
(%CV)

4.0 2.3 4.1 2.1 2.8 2.2 1.7 2.5 2.4

Inter day Accuracy 
(%bias)

-0.2 0.8 -1.2 -4.0 8.0 -2.5 -2.0 1.8 0.0

Linearity
(range of r2 values)

0.995305 – 0.998893

Linearity Range (ng/mL) 1.00 – 2500 ng/mL

Sensitivity/LOQ (ng/mL) 1.00 ng/mL

Analyte Name: Metformin

Parameter Quality Control Samples

Concentration (ng/mL) 3.00 125 400 1250 2000

Inter day Precision (%CV) 3.8 2.4 2.2 2.6 20.4

Inter day Accuracy (%bias) -6.3 1.6 2.8 -3.2 -7.0

Comments on Bioanalytical Results:
Subject samples were analyzed in 14 runs for empagliflozin, and 18 runs for 
metformin. One empagliflozin run was rejected, and 3 metformin runs were 
rejected due to analytical reasons as per the pre-established bioanalytical protocol.
Incurred sample reproducibility (ISR) was determined with Cmax and elimination 
phase samples. Only one empagliflozin reassay sample was more than 20% 
different from the original assay value, and all the metformin reassay samples 
were within 20% of the original assay values. Therefore, the samples meet the 
ISR acceptance criteria: at least 2/3 of the samples were within ±20% of the 
original assay value.
The bioanalytical results are acceptable.

Pharmacokinetic and Statistical Results: 
The bioequivalence results are described in the following tables and figures.
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Metformin
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Comments on Pharmacokinetic and Statistical Results for the Fasting Study: 
The 90% C.I. values for the least squares geometric means of AUC0-t, AUC and 
Cmax meet the criteria for bioequivalence (confidence intervals within 80.00% to 
125.00%) for empagliflozin and metformin HCl.

The bioequivalence study results demonstrate that the FDC products (5 mg 
empagliflozin /500 mg metformin HCl and 12.5 mg empagliflozin /500 mg 
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metformin HCl) are bioequivalent to the reference products (5 mg Empagliflozin
+ 500 mg Glucophage® and 2.5 mg Empagliflozin + 10 mg Empagliflozin + 500 
mg Glucophage®).

(b) (4)
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Bioequivalence Study No. 1276.8
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Bioanalytical Results:
Analyte Name: Empagliflozin

Parameter Standard Curve Samples

Concentration (nmol/mL) 1.11 2.22 11.1 55.4 222 665 998 1110

Inter day Precision 
(%CV)

3.7 3.2 1.7 1.7 1.4 1.3 1.1 1.3

Inter day Accuracy 
(%bias)

1.0 -0.8 -2.6 2.1 1.0 0.7 0.0 -0.8

Linearity
(range of r2 values)

0.997811 – 0.999717

Linearity Range 
(nmol/mL)

1.11 -1110 nmol/mL
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Sensitivity/LOQ 
(nmol/mL)

1.11 nmol/mL

Analyte Name: Empagliflozin

Parameter Quality Control Samples

Concentration (nmol/mL) 3.33 44.4 166 444 887

Inter day Precision (%CV) 5.2 2.8 3.7 2.1 2.3

Inter day Accuracy (%bias) 2.8 2.4 -2.6 -1.7 2.9

Analyte Name: Metformin

Parameter Standard Curve Samples

Concentration (ng/mL) 1.00 2.50 10.0 40.0 100 400 1500 2200 2500

Inter day Precision 
(%CV)

7.6 5.8 3.6 3.2 3.3 3.6 4.2 3.4 3.4

Inter day Accuracy 
(%bias)

-1.3 2.8 3.0 -2.0 0.0 -2.3 -2.7 0.5 2.4

Linearity
(range of r2 values)

0.992808 – 0.999674

Linearity Range (ng/mL) 1.00 – 2500 ng/mL

Sensitivity/LOQ (ng/mL) 1.00 ng/mL

Analyte Name: Metformin

Parameter Quality Control Samples

Concentration (ng/mL) 3.00 125 400 1250 2000

Inter day Precision (%CV) 5.5 3.8 3.5 3.5 4.3

Inter day Accuracy (%bias) 3.3 0.8 -1.5 -2.4 0.0

Comments on Bioanalytical Results:
Subject samples were analyzed in 24 runs for empagliflozin, and 21 runs for 
metformin. Two empagliflozin runs were rejected, and 1 metformin run was
rejected due to analytical reasons as per the pre-established bioanalytical protocol.
Incurred sample reproducibility (ISR) was determined with Cmax and elimination 
phase samples. Only two empagliflozin reassay samples were more than 20% 
different from the original assay value, and only one metformin reassay sample 
was more than 20% of the original assay values. Therefore, the samples meet the 
ISR acceptance criteria: at least 2/3 of the samples were within ±20% of the 
original assay value.
The bioanalytical results are acceptable.

Pharmacokinetic and Statistical Results: 
The bioequivalence results are described in the following tables and figures.
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Comments on Pharmacokinetic and Statistical Results for the Fasting Study: 
The 90% C.I. values for the least squares geometric means of AUC0-t, AUC and 
Cmax meet the criteria for bioequivalence (confidence intervals within 80.00% to 
125.00%) for empagliflozin and metformin HCl.

The bioequivalence study results demonstrate that the FDC products (5 mg 
empagliflozin /1000 mg metformin HCl and 12.5 mg empagliflozin /1000 mg 
metformin HCl) are bioequivalent to the reference products (5 mg Empagliflozin 
+ 1000 mg Glucophage® and 2.5 mg Empagliflozin + 10 mg Empagliflozin + 
1000 mg Glucophage®) under fasting and fed conditions.

Dissolution Testing:

The approved dissolution methods for the metformin hydrochloride and empagliflozin 
components are described in the following tables:
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BE Study Results:
Evaluation of BE studies 1276.6,  and 1276.8 were conducted by the ONDQA reviewer, Dr. Kelly 
Kitchens. The review has concluded that the proposed empagliflozin/metformin FDC tablets are 
bioequivalent to the individual tablets administered together (see review by Dr. Kelly Kitchens in 
DARRTS).

Empagliflozin-Metformin DDI Study Results:
The drug-drug interaction study (Study 1245.6) was already reviewed under NDA 204629 (see Clinical 
Pharmacology review by Dr. Manoj Khurana in DARRTS dated 11/08/2013). In brief, co-administration 
of multiple daily doses of empagliflozin 50 mg with metformin 2000 mg, an organic cationic transporter
(OCT) substrate, demonstrated that there is no drug-drug interaction between empagliflozin and 
metformin.
Relative BA and Food Effect Study Results:
Study 1276.5 evaluated the relative bioavailability of empagliflozin and metformin when single doses of 
12.5 mg empagliflozin and 1000 mg metformin were administered as the FDC tablet compared to 
individual components.  Relative bioavailability of each moiety was estimated on the basis of AUC0- and 
Cmax. The least squares mean ratios for empagliflozin AUC0- and Cmax were 100.79% and 99.90%, 
respectively, and the corresponding 90% confidence intervals for AUC0- and Cmax were (95.70, 106.15), 
and (90.09, 110.77), respectively. The least squares mean ratios for metformin AUC0- and Cmax were 
102.29% and 103.83%, respectively, and the corresponding 90% confidence intervals for AUC0- and 
Cmax were (93.28, 112.20), and (89.98, 119.79), respectively.  Since the ratios of means and 90% CI for 
Cmax and AUC0- of both empagliflozin and metformin were within the pre-specified bioequivalence 
boundaries of 80-125%, it can be concluded that the rate and extent of absorption of both empagliflozin 
and metformin were equivalent when empagliflozin and metformin were administered as the FDC tablet 
compared to individual components under fasting conditions.

The clinical pharmacology review of the food effect portion of study 1276.5 showed that:

Following administration of the 12.5/1000 FDC tablet, a food effect on Empagliflozin PK was 
observed.  There was a 36% reduction in Cmax and a 8% and 7% reduction in both AUC(0-t) and 
AUC(0- ), respectively.
This effect of food on relative BA is consistent with previous findings with Empagliflozin 
(Jardiance, NDA 204629).  In NDA 204629, the sponsor reported that reduction in Cmax of 
empagliflozin did not influence the amounts of glucose excreted in the urine when empagliflozin 
was administered in the fed state.
Following administration of the 12.5/1000 FDC tablet, a food effect on Metformin PK was
observed.  There was a 26% reduction in Cmax and a 3% reduction in AUC(0-t), while AUC(0- ) was 
unchanged.  The clinical relevance of these decreases in metformin exposure is unknown.

A Forest plot showing the effect of food on empagliflozin and metformin Cmax and AUC is shown in 
Figure 1.

Reference ID: 3732424
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Figure 1: Food-effect Comparison for Empagliflozin and Metformin following 12.5 mg 
Empagliflozin/1000 mg Metformin FDC Formulation under Fasting and Fed 
Conditions

(Source  Analysis performed by reviewer using SAS v9.3)

Phase IIb Bridging Trial Results:
The objective of the efficacy/safety trial (1276.10) was to investigate the efficacy and safety of different 
dosage regimens of empagliflozin (twice daily versus once daily) administered orally as add-on therapy to 
immediate release metformin in patients with type 2 diabetes mellitus and insufficient glycemic control. 
The study was designed to test the non-inferiority of treatment with empagliflozin 5 mg twice daily versus 
treatment with empagliflozin 10 mg once daily and of treatment with empagliflozin 12.5 mg twice daily 
versus treatment with empagliflozin 25 mg once daily. This trial also evaluated the superiority of all 4 
empagliflozin dose regimens versus placebo.

As was noted with other empagliflozin applications (NDA 204629, Jardiance; NDA 206073, Glyxambi), 
there is lack of clear trend for dose dependent reduction in HbA1c from baseline for the various dose and 
dosing regimen of empagliflozin (Figures 14).  BID treatment, however, produced numerically greater 
reduction in HbA1c compared to once-daily treatments for both the doses evaluated in this study.  For 
further details on the analysis of non-inferiority of twice daily versus once daily administration, please 
refer to the statistical review of the findings from this study by Dr. Susie Sinks in DARRTS.

Reference ID: 3732424
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2.1.1 What are the highlights of the Synjardy drug product as they relate to clinical pharmacology 
review?

Empagliflozin/Metformin 5 mg/500 mg:
Empagliflozin / metformin hydrochloride film-coated tablets, 5 mg / 500 mg are orange yellow, oval, 
biconvex film-coated tablets. One side is debossed with the Boehringer Ingelheim company symbol and 
"S5" the other side is debossed with "500".

Empagliflozin/Metformin 5 mg/1000 mg:
Empagliflozin / metformin hydrochloride film-coated tablets, 5 mg / 1000 mg are brownish yellow, oval, 
biconvex film-coated tablets. One side is debossed with Boehringer Ingelheim company symbol and 
“S5”, the other side is debossed with “1000”.

Empagliflozin/Metformin 12.5 mg/500 mg:
Empagliflozin / metformin hydrochloride film-coated tablets, 12.5 mg / 500 mg are pale brownish purple, 
oval, biconvex film-coated tablets. One side is debossed with Boehringer Ingelheim company symbol and 
“S12”, the other side is debossed with “500”.

Empagliflozin/Metformin 12.5 mg/1000 mg:
Empagliflozin / metformin hydrochloride film-coated tablets, 12.5 mg / 1000 mg are dark brownish 
purple, oval, biconvex film-coated tablets. One side is debossed with Boehringer Ingelheim company 
symbol and “S12”, the other side is debossed with “1000”.

2.1.2 What is the composition of to-be-marketed formulation of Synjardy?

The composition for the various strengths of empagliflozin/metformin tablet formulations are shown in
Table 3.

Reference ID: 3732424

(b) (4)

(b) (4)







Page 16 of 52
 

2.1.4 What are the proposed dosages and routes of administration?

The proposed doses of Synjardy are empagliflozin/metformin combinations of 5 mg/500 mg, 
 5 mg/1000 mg, 12.5 mg/500 mg,  and 12.5 mg/1000 mg.

The sponsor has proposed the following dosing recommendation for Synjardy:

2.2 General Clinical Pharmacology

2.2.1 What is known about the PK characteristics of Empagliflozin and Metformin following the 
administration of approved drugs, Jardiance and Glucophage tablets?

Empagliflozin (Jardiance):
After single dose administration of 10 mg or 25 mg empagliflozin tablet formulations under fasted 
conditions, empagliflozin was absorbed rapidly with a median Tmax of 1 hour for both doses. Thereafter, 
plasma levels declined in a biphasic fashion with a rapid distribution phase and a slower elimination 
phase. Empagliflozin exposure increased in proportion to the dose. Mean (%CV) AUC0-x was 2360 
nmol·h/L (26.7%) for the 10 mg dose and 5550 nmol·h/L (26.0%) for the 25 mg dose.  Mean (%CV) Cmax

was 377 nmol/L (26.2%) and 867 nmol/L (26.8%) for the 10 mg and 25 mg dose, respectively.

The apparent steady-state volume of distribution ranged from 180-230 L.  Following administration of an 
oral [14C]-
blood was lower compared to plasma, consistent with moderate red blood cell (RBC) partitioning (28.6% 
to 36.8%) observed in vivo. Protein binding of total radioactivity ranged from 80.3% to 86.2%.

No major metabolites of empagliflozin were detected in human plasma and the most abundant metabolites 
were three glucuronide conjugates (2-O, 3-O, and 6-O glucuronide). Systemic exposure of each 
metabolite was less than 10% of total drug related material. O-dealkylation gave rise to metabolite 
M380/1 (EX 609), an active metabolite of empagliflozin, which was not detected in plasma after single 
oral doses of 0.5 to 50 mg empagliflozin; only partial profiles were obtained at doses of 100 to 800 mg 
empagliflozin. At the highest dose level, the EX 609 metabolite exposure (AUC and Cmax) was 
approximately 0.12% of the parent drug. The total fraction of EX 609 excreted in urine ranged from 0.02 

Reference ID: 3732424
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2.4 Extrinsic Factors 

2.4.1 What extrinsic factors (drugs, herbal products, diet, smoking, and alcohol use) influence 
exposure and/or response and what is the impact of any differences in exposure on 
pharmacodynamics?

The effects of herbal products, smoking and alcohol on Synjardy use were not evaluated. The sponsor 
conducted a specific study to investigate the effect of food on the PK of Synjardy. This is discussed in the 
next section below.

2.5 General Biopharmaceutics

The sponsor conducted a relative bioavailability study to evaluate the pharmacokinetics of empagliflozin 
and metformin from the FDC tablet containing 12.5 mg empagliflozin and 1000 mg metformin compared 
to the individual tablets administered together under fasting conditions and also evaluated the effect of a 
high fat meal on the pharmacokinetics of empagliflozin and metformin from the FDC tablet.

2.5.1 Was bioequivalence established between Empagliflozin and Metformin FDC formulations and 
individual components?

The study was entitled “Relative bioavailability of a 12.5 mg BI 10773 / 1000 mg metformin fixed dose
combination tablet compared with its mono components and administered with and without food (an 
open-label, randomized, single-dose, three-way crossover, Phase I trial in healthy volunteers).
Mean concentration-time plots of empagliflozin and metformin following administration of the FDC 
formulation under fasting and fed conditions, and the individual components under fasting conditions are
presented in Figures 4 and 9, respectively.

The relative bioavailability of empagliflozin was similar when 12.5 mg empagliflozin and 1000 mg 
metformin were administered as the FDC tablet compared to individual components. The geometric mean 
ratios (GMR) of AUC0-t, AUC0- and Cmax were approximately 100% and their 90% confidence intervals 
(CI) were 96.14 – 106.37, 95.70 – 106.15 and 90.09-110.77%, respectively (Table 5).

The relative bioavailability of metformin was similar when 12.5 mg empagliflozin and 1000 mg 
metformin were administered as the FDC tablet compared to individual components. The GMR of 
AUC0-t, AUC0- and Cmax were approximately 103% and their 90% confidence intervals (CI) were 93.61-
114.07, 93.28-112.20 and 89.98-119.79%, respectively (Table 7).

The pharmacokinetic data demonstrate that the proposed tablet containing a fixed-dose combination of 
12.5 mg empagliflozin and 1000 mg metformin is bioequivalent to the co-administered individual 
components under fasting conditions.

Reference ID: 3732424
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2.6 Exposure Response

2.6.1 What are the characteristics of exposure-response (e.g. dose-response, concentration-response)
relationship for effectiveness and safety for twice daily versus once daily empagliflozin when 
administered orally as add-on therapy to immediate release metformin in T2DM patients?

The objective of trial 1276.10 was to investigate the efficacy and safety of different dosage regimens of 
empagliflozin (twice daily versus once daily) administered orally as add-on therapy to immediate release 
metformin in patients with type 2 diabetes mellitus and insufficient glycemic control. The study was 
designed to test the non-inferiority of treatment with empagliflozin 5 mg twice daily versus treatment 
with empagliflozin 10 mg once daily and of treatment with empagliflozin 12.5 mg twice daily versus 
treatment with empagliflozin 25 mg once daily. 

Empagliflozin trough concentrations were similar within each dose group on Days 28 and 112 indicating 
that steady-state concentrations of empagliflozin were maintained during the course of the study. The 
increase in empagliflozin exposure with dose was roughly proportional with an increase in dose from 5 
mg twice daily to 12.5 mg twice daily and 10 mg once daily to 25 mg once daily.

The primary endpoint was the change of HbA1c from baseline at Week 16. The primary analysis showed 
non-inferiority of each dose of twice daily (12.5 and 5 mg) empagliflozin compared to the respective 
empagliflozin once daily (25 and 10 mg) dose. In all treatment groups, HbA1c reductions following 
empagliflozin treatments compared to placebo was significant (Figure 14). The adjusted mean difference 
in change in HbA1c from baseline after 16 weeks of treatment for empagliflozin 12.5 mg twice daily vs. 
empagliflozin 25 mg once daily was -0.11% (95% CI: -0.26, 0.03); the adjusted mean difference in 
change in HbA1c from baseline after 16 weeks of treatment for empagliflozin 5 mg twice daily vs. 
empagliflozin 10 mg once daily was -0.02 (95% CI: -0.16, 0.13) (Table 8).

The treatments were well tolerated across treatment groups, with an overall safety profile comparable 
between the empagliflozin treatment groups and placebo; the frequency of patients reported with urinary 
tract infections and genital infections was higher with empagliflozin treatment than with placebo. There 
were no clinically meaningful differences between the safety profiles of the once daily and twice daily 
administration regimes of empagliflozin.
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3 Labeling Comments (Preliminary)
The following are the labeling recommendations relevant to clinical pharmacology for NDA 204961.  The red strikeout 
font is used to show the proposed text to be deleted and underline blue font to show text to be included or comments 
communicated to the sponsor.
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Empagliflozin
Absorption
The pharmacokinetics of empagliflozin has been characterized in healthy volunteers and patients with type 2 
diabetes and no clinically relevant differences were noted between the two populations.  After oral administration, 
peak plasma concentrations of empagliflozin were reached at 1.5 hours post-dose.  Thereafter, plasma 
concentrations declined in a biphasic manner with a rapid distribution phase and a relatively slow terminal phase.  
The steady state mean plasma AUC and Cmax were 1870 nmol•h/L and 259 nmol/L, respectively, with 10 mg 
empagliflozin once daily treatment, and 4740 nmol•h/L and 687 nmol/L, respectively, with 25 mg empagliflozin 
once daily treatment.  Systemic exposure of empagliflozin increased in a dose-proportional manner in the 
therapeutic dose range.  The single-dose and steady-state pharmacokinetic parameters of empagliflozin were similar, 
suggesting linear pharmacokinetics with respect to time.

Administration of 25 mg empagliflozin after intake of a high-fat and high-calorie meal resulted in slightly lower 
exposure; AUC decreased by approximately 16% and Cmax decreased by approximately 37%, compared to fasted 
condition.  The observed effect of food on empagliflozin pharmacokinetics was not considered clinically relevant 
and empagliflozin may be administered with or without food.

Distribution
The apparent steady-state volume of distribution was estimated to be 73.8 L based on a population pharmacokinetic 
analysis.  Following administration of an oral [14C]-empagliflozin solution to healthy subjects, the red blood cell 
partitioning was approximately 36.8% and plasma protein binding was 86.2%.

Metabolism
No major metabolites of empagliflozin were detected in human plasma and the most abundant metabolites were 
three glucuronide conjugates (2-O-, 3-O-, and 6-O-glucuronide).  Systemic exposure of each metabolite was less 
than 10% of total drug-related material.  In vitro studies suggested that the primary route of metabolism of 
empagliflozin in humans is glucuronidation by the uridine 5'-diphospho-glucuronosyltransferases UGT2B7, 
UGT1A3, UGT1A8, and UGT1A9.

Elimination
The apparent terminal elimination half-life of empagliflozin was estimated to be 12.4 h and apparent oral clearance 
was 10.6 L/h based on the population pharmacokinetic analysis.  Following once-daily dosing, up to 22% 
accumulation, with respect to plasma AUC, was observed at steady-state, which was consistent with empagliflozin 
half-life.  Following administration of an oral [14C]-empagliflozin solution to healthy subjects, approximately 95.6% 
of the drug- related radioactivity was eliminated in feces (41.2%) or urine (54.4%).  The majority of drug- related 
radioactivity recovered in feces was unchanged parent drug and approximately half of drug- related radioactivity 
excreted in urine was unchanged parent drug.

Metformin hydrochloride
Absorption
The absolute bioavailability of a metformin hydrochloride 500-mg tablet given under fasting conditions is 
approximately 50% to 60%. Studies using single oral doses of metformin tablets 500 mg to 1500 mg, and 850 mg to 
2550 mg, indicate that there is a lack of dose proportionality with increasing doses, which is due to decreased 
absorption rather than an alteration in elimination.

Food decreases the extent of and slightly delays the absorption of metformin, as shown by approximately a 40% 
lower Cmax, a 25% lower AUC, and a 35 minute prolongation of time to peak plasma concentration (Tmax) following 
administration of a single 850 mg tablet of metformin with food, compared to the same tablet strength administered 
fasting.  The clinical relevance of these decreases is unknown.

Distribution
The apparent volume of distribution (V/F) of metformin following single oral doses of immediate-release metformin 
hydrochloride tablets 850 mg averaged 654±358 L. Metformin is negligibly bound to plasma proteins, in contrast to 
SUs, which are more than 90% protein bound. Metformin partitions into erythrocytes, most likely as a function of 
time. At usual clinical doses and dosing schedules of metformin tablets, steady-state plasma concentrations of 
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Metformin hydrochloride: Metformin pharmacokinetic parameters did not differ significantly between normal 
subjects and patients with type 2 diabetes mellitus when analyzed according to gender. Similarly, in controlled 
clinical studies in patients with type 2 diabetes mellitus, the antihyperglycemic effect of metformin was comparable 
in males and females.

No studies of metformin pharmacokinetic parameters according to race have been performed. In controlled clinical 
studies of metformin in patients with type 2 diabetes mellitus, the antihyperglycemic effect was comparable in 
Caucasians (n=249), Blacks (n=51), and Hispanics (n=24).

Geriatric
SYNJARDY:  Studies charactering the pharmacokinetics of empagliflozin and metformin after 

administration of  SYNJARDY in geriatric patients have not been performed [see Warnings and 
Precautions (5.1), (5.3) and Use in Specific Populations (8.5)

Empagliflozin: Age did not have a clinically meaningful impact on the pharmacokinetics of empagliflozin based on 
a population pharmacokinetic analysis [see Use in Specific Populations (8.5)].

Metformin hydrochloride:  Limited data from controlled pharmacokinetic studies of metformin in healthy elderly 
subjects suggest that total plasma clearance of metformin is decreased, the half-life is prolonged, and Cmax is 
increased, compared with healthy young subjects. From these data, it appears that the change in metformin 
pharmacokinetics with aging is primarily accounted for by a change in renal function.

Pediatric
Studies characterizing the pharmacokinetics of empagliflozin or metformin after administration of  
SYNJARDY in pediatric patients have not been performed.

Drug Interactions
Pharmacokinetic drug interaction studies with  SYNJARDY have not been performed; however, 
such studies have been conducted with the individual components empagliflozin and metformin.

Empagliflozin
In vitro Assessment of Drug Interactions: In vitro data suggest that the primary route of metabolism of 
empagliflozin in humans is glucuronidation by the uridine 5'-diphospho-glucuronosyltransferases UGT2B7, 
UGT1A3, UGT1A8, and UGT1A9.  Empagliflozin does not inhibit, inactivate, or induce CYP450 isoforms.
Empagliflozin also does not inhibit UGT1A1.  Therefore, no effect of empagliflozin is anticipated on concomitantly 
administered drugs that are substrates of the major CYP450 isoforms or UGT1A1.  The effect of UGT induction 
(e.g., induction by rifampicin or any other UGT enzyme inducer) on empagliflozin exposure has not been evaluated.

Empagliflozin is a substrate for P-glycoprotein (P-gp) and breast cancer resistance protein (BCRP), but it does not 
inhibit these efflux transporters at therapeutic doses. Based on in vitro studies, empagliflozin is considered unlikely 
to cause interactions with drugs that are P-gp substrates.  Empagliflozin is a substrate of the human uptake 
transporters OAT3, OATP1B1, and OATP1B3, but not OAT1 and OCT2.  Empagliflozin does not inhibit any of 
these human uptake transporters at clinically relevant plasma concentrations and, therefore, no effect of 
empagliflozin is anticipated on concomitantly administered drugs that are substrates of these uptake transporters.

In vivo Assessment of Drug Interactions: No dose adjustment of empagliflozin is recommended when 
coadministered with commonly prescribed medicinal products based on results of the described pharmacokinetic 
studies.  Empagliflozin pharmacokinetics were similar with and without coadministration of metformin, glimepiride, 
pioglitazone, sitagliptin, linagliptin, warfarin, verapamil, ramipril, simvastatin, hydrochlorothiazide, and torasemide 
in healthy volunteers (see Figure 1).  The observed increases in overall exposure (AUC) of empagliflozin following 
co-administration with gemfibrozil, rifampicin, or probenecid are not clinically relevant.  In subjects with normal 
renal function, coadministration of empagliflozin with probenecid resulted in a 30% decrease in the fraction of 
empagliflozin excreted in urine without any effect on 24-hour urinary glucose excretion.  The relevance of this 
observation to patients with renal impairment is unknown.
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Figure 1Effect of Various Medications on the Pharmacokinetics of Empagliflozin as Displayed as 90% 
Confidence Interval of Geometric Mean AUC and Cmax Ratios [reference lines indicate 100% (80% -
125%)]

aempagliflozin, 50 mg, once daily; bempagliflozin, 25 mg, single dose; cempagliflozin, 25 mg, once daily; dempagliflozin, 10 mg, single dose

Empagliflozin had no clinically relevant effect on the pharmacokinetics of metformin, glimepiride, pioglitazone, 
sitagliptin, linagliptin, warfarin, digoxin, ramipril, simvastatin, hydrochlorothiazide, torasemide, and oral 
contraceptives when coadministered in healthy volunteers (see Figure 2).
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Figure 2Effect of Empagliflozin on the Pharmacokinetics of Various Medications as Displayed as 90% 
Confidence Interval of Geometric Mean AUC and Cmax Ratios [reference lines indicate 100% (80% -
125%)]

aempagliflozin, 50 mg, once daily; bempagliflozin, 25 mg, once daily; cempagliflozin, 25 mg, single dose; dadministered as simvastatin; 
eadministered as warfarin racemic mixture; fadministered as Microgynon®; gadministered as ramipril

Metformin hydrochloride

Table 5 Effect of Coadministered Drug on Plasma Metformin Systemic Exposure 

Coadministered Drug Dosing of Coadministered Drug* Dose of Metformin*
Geometric Mean Ratio

(ratio with/without coadministered drug)
No effect=1.0

AUC† Cmax

No dosing adjustments required for the following coadministered drugs:

Furosemide 40 mg 850 mg metformin 1.09‡ 1.22‡
Nifedipine 10 mg 850 mg metformin 1.16 1.21

Propranolol 40 mg 850 mg metformin 0.90 0.94
Ibuprofen 400 mg 850 mg metformin 1.05‡ 1.07‡
Cationic drugs eliminated by renal tubular secretion may reduce metformin elimination: use with caution [see Warnings and Precautions (5.3) and 
Drug Interactions (7.1)].
Cimetidine 400 mg 850 mg metformin 1.40 1.61

Carbonic anhydrase inhibitors may cause metabolic acidosis: use with caution [see Warnings and Precautions (5.1) and Drug Interactions (7.1)].
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Topiramate** 100 mg 500 mg metformin 1.25 1.17
* All metformin and coadministered drugs were given as single doses
† AUC = AUC(INF)
‡ Ratio of arithmetic means
**At steady state with topiramate 100 mg every 12 hours and metformin 500 mg every 12 hours; AUC = AUC0-12h

Table 6 Effect of Metformin on Coadministered Drug Systemic Exposure 

Coadministered Drug Dosing of Coadministered Drug* Dose of Metformin*
Geometric Mean Ratio

(ratio with/without metformin)
No effect=1.0

AUC† Cmax

No dosing adjustments required for the following coadministered drugs:

Glyburide 5 mg 500 mg§ glyburide 0.78‡ 0.63‡

Furosemide 40 mg 850 mg furosemide 0.87‡ 0.69‡

Nifedipine 10 mg 850 mg nifedipine 1.10§ 1.08

Propranolol 40 mg 850 mg propranolol 1.01§ 0.94

Ibuprofen 400 mg 850 mg ibuprofen 0.97¶ 1.01¶

* All metformin and coadministered drugs were given as single doses
† AUC = AUC(INF) unless otherwise noted
‡ Ratio of arithmetic means, p-value of difference <0.05
§ AUC(0-24 hr) reported
¶ Ratio of arithmetic means
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4 APPENDIX

OCP Filing Memo
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Clinical Pharmacology and Biopharmaceutics Filing Form/Checklist for NDA_BLA or Supplement 

Brief summary about the submission:  Boehringer Ingelheim Pharmaceuticals, Inc. are seeking US marketing approval for empagliflozin/metformin hydrochloride fixed dose combination (FDC) tablets (Proposed Trade Name: Synjardy) under the provisions of Section 505(b)(2) of the Federal Food, Drug, and Cosmetic Act.  The proposed indication of Synjardy tablets is “an ove ntrol in adults with type 2 diabetes mellitus           . This NDA is supported by data from four biopharmaceutic studies (1 relative bioavailability/food-effect study, and 3 pivotal fed bioequivalence studies):   
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