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Disclaimer

Except as specifically identified, all data and information discussed below and 
necessary for approval of NDA 210874 are owned by AstraZeneca or are data for which 
AstraZeneca has obtained a written right of reference.

Any information or data necessary for approval of NDA 210874 that AstraZeneca does 
not own or have a written right to reference constitutes one of the following: (1) 
published literature, or (2) a prior FDA finding of safety or effectiveness for a listed drug, 
as described in the drug’s approved labeling.   Any data or information described or 
referenced below from a previously approved application that AstraZeneca does not 
own (or from FDA reviews or summaries of a previously approved application) is for 
descriptive purposes only and is not relied upon for approval of NDA 210874.
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1 Executive Summary

Introduction

AstraZeneca submitted a new drug application (NDA 210874) for QTERNMET XR 
(dapagliflozin, saxagliptin and metformin XR) extended release tablets as an adjunct 
treatment to diet and exercise to improve glycemic control in adults with type 2 diabetes 
mellitus (T2DM).

Each single agent and the combination of metformin with dapagliflozin (XIGDUO XR) 
and saxagliptin (KOMBIGLYZE XR), as well as the combination of dapagliflozin with 
saxagliptin (QTERN), are FDA approved.

 The components of QTERNMET XR (dapagliflozin, saxagliptin and metformin) 
each have distinct mechanisms of action (MOA) that do not target similar organs.

 The are no apparent drug-drug interactions (DDIs) between the components of 
QTERNMET XR as dual-drug combination toxicity studies indicated no 
pharmacologic or kinetic interactions. 

 Toxicity was consistent with the individual drug profiles and nonclinical studies 
did not demonstrate any unexpected or augmented toxicity when administered in 
combination.

 In view of the data derived from monotherapy and dual-drug combination toxicity 
studies, a triple combination toxicity study was not deemed necessary as there 
was no cause or added value to be gained from additional studies.

 

1.1 Recommendations

1.1.1 Approvability

Nonclinical data supports approval of NDA 210874 

1.1.2 Additional Nonclinical Recommendations

No additional nonclinical studies are recommended.

1.1.3 Labeling Recommendations

None
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1.2 Brief Discussion of Nonclinical Findings

The nonclinical profile of dapagliflozin (FARXIGA), saxagliptin (ONGLYZA) and 
metformin (GLUCOPHAGE XR) monotherapies, as well as the combination of 
metformin with saxagliptin (KOMBIGLYZE XR), metformin with dapagliflozin (Xigduo 
XR) and dapagliflozin with saxagliptin (QTERN) have been established previously in 
comprehensive development programs that included studies of in vitro and in vivo 
pharmacodynamics, safety pharmacology, PK, metabolism, toxicity and TK.

Carcinogenicity

The individual components of QTERNMET XR (dapagliflozin, saxagliptin and 
metformin) and the combination are not expected to be associated with an increased 
risk of developing cancer.

Development and Reproductive Toxicity

The overall risk of developmental toxicity associated with QTERNMET XR dosing is 
related to nonclinical data that indicates that dapagliflozin is a renal pelvic development 
toxicant in juvenile rats and should be addressed in the label.
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2 Drug Information

2.1 Drug: QTERNMET XR

Chemical Name
Saxagliptin: (1S, 3S, 5S)-2-[(2S)-2-Amino-2-(3-hydroxytricyclo-[3.3.1.1 3, 7] dec-1-yl) acetyl] -2-
azabicyclo [3.1.0] hexane-3-carbonitrile, monohydrate

Dapagliflozin: 2S, 3R, 4R, 5S, 6R)-2-[4-Chloro-3-(4-ethoxybenzyl) phenyl]-6-(hydroxymethyl) 
tetrahydro -2H-pyran-3, 4, 5-triol, (2S)-propane-1, 2-diol (1:1) monohydrate

Metformin: N, N-dimethylimidodicarbonimidic diamide hydrochloride

Molecular Formula/Molecular Weight
Saxagliptin: C18H25N3O2 ● H2O (M.W. - 315.4 g/mol (anhydrous), 333.4 g/mol (Monohydrate)

Dapagliflozin: C21H25ClO6 ● C3H8O2 ● H2O / M.W. = 502.98 g/mol (S-Propylene glycol 
monohydrate); = 408.87 g/mol (Non-solvated, non-hydrated form)

Metformin: C4H11N5 ● HCL (M.W. – 165.63 g/mol)

Structure or Biochemical Description
Saxagliptin

 

Dapagliflozin

Metformin
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2.4 Comments on Novel Excipients: None

2.5 Comments on Impurities/Degradants of Concern: None

2.6 Proposed Clinical Population and Dosing Regimen

Adult type II diabetic patients.  Dapagliflozin, saxagliptin and metformin hydrochloride 
fixed dose combinations (FDCs):  5 mg/2.5 mg/1000 mg (QD) and 10 mg/5 mg/1000 mg 
(QD) per tablet.

2.7 Regulatory Background

Metformin XR (Glucophage XR) FDA approved: October 13th 2000 (NDA 21202).

Saxagliptin (ONGLYZA, 2.5 mg and 5 mg strengths) FDA approved: July 31st 2009 
(NDA 22350).

Kombiglyze XR (Saxagliptin + Metformin XR): FDA approved: November 5th 2010 (NDA 
200678).

Dapagliflozin (FARXIGA, 5 mg and 10 mg strengths) FDA approved: January 8th 2014 
(NDA 202293).

Xigduo XR (Dapagliflozin + Metformin XR): FDA approved: October 29th 2014 (NDA 
205649).

QTERN (10 mg/dapagliflozin and 5 mg/saxagliptin once daily) FDA approved: February 
27th 2017 (NDA 209091).

3 Studies Submitted
AstraZeneca did not submit any nonclinical studies conducted with QTERNMET XR.

3.3 Previous Reviews Referenced

None
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4 Pharmacology

4.1 Primary Pharmacology

Mechanism of Action of Saxagliptin 

Saxagliptin is a competitive and selective inhibitor of dipeptidyl peptidase (DPP4), a ubiquitous 
enzyme found in plasma and membrane of lymphocytes, epithelial and endothelial cells.  DPP4 
is a member of a larger DPP family (DPP3 to DPP10) with multiple physiological functions in 
animals and humans.  DPP4 enzyme degrades glucagon like protein-1 (GLP-1) a gut derived 
(intestinal L-cells) incretin and several other hormones (e.g. GIP, NPY and PYY).  The active 
GLP-1 (7-36) with a short half-life (t1/2 2-3 min) binds to GLP-1 receptors in the pancreatic β-
cells to increase glucose-stimulated insulin release.  By inhibiting DPP4, saxagliptin prevents 
degradation of GLP-1 thus extending GLP-1 activity and promoting greater pharmacological 
effect (lower plasma glucose and HbA1C).   Based on GLP-1 mode of action, saxagliptin has 
minimal hypoglycemic potential in diabetic patients.   Saxagliptin is metabolized by CYP3A4/5 to 
an active metabolite (BMS-510849) which is also capable of inhibiting DPP4 enzyme.  BMS-
510849 is more selective but less potent than saxagliptin at inhibiting DPP4 enzyme. 

Mechanism of Action of Dapagliflozin

Dapagliflozin (BMS-512148) is a potent, selective and reversible inhibitor of renal sodium-
glucose co-transporter 2 (SGLT2).  SGLT2 is a high capacity, low affinity glucose co-transporter 
localized to the S1 segment of the renal proximal tubule, where the majority of renal glucose 
reabsorption takes place.  By inhibiting SGLT2, dapagliflozin prevents re-absorption of glucose 
in the proximal tubule resulting in significant excretion of glucose to urine in humans and 
animals.  In humans, dapagliflozin is more than 1200-fold more selective to SGLT2 than SGLT1. 
In mice, rats and dogs, dapagliflozin is approximately 130, 207 and 436-fold more selective to 
SGLT2 than SGLT1.  SGLT1 is a ubiquitous high affinity low capacity glucose co-transporter 
localized to various organs including kidney (S2 and S3 segment of renal proximal tubules) and 
intestine.   The inhibition of intestinal SGLT1 has been associated with some of the adverse 
effects (hypercalcium absorption, hyperostosis and renal tubule tumors) of less selective SGLT2 
inhibitors.  As a highly selective SGLT2 inhibitor, dapagliflozin has minimal effect on intestinal 
glucose absorption where SGLT1 plays an important role.  Since the pharmacological effect of 
dapagliflozin depends upon the amount of glucose in the blood and glomerular filtration rate 
(GFR), any change in baseline plasma glucose and GFR will affect the efficacy of dapagliflozin.
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Saxagliptin and Dapagliflozin (QTERN) Combination (Mechanism of Action)
 
Saxagliptin and dapagliflozin exhibit distinctly different modes of action that are complementary 
to one other with respect to lowering HbA1c.   By prolonging GLP-1 half-life, saxagliptin 
promotes β-cell function and insulin release in a glucose-dependent manner, leading to lower 
HbA1c and fasting blood glucose.  Dapagliflozin raises the threshold for glucose reabsorption by 
SGLT2 in the renal tubules independent of insulin leading to substantial glucose loss to urine. 
By increasing urinary glucose excretion, dapagliflozin also results in loss of glucose calories and 
weight loss.  

Used in combination, saxagliptin and dapagliflozin has the potential to enhance glucose 
dependent insulin secretion and improve insulin sensitivity (saxagliptin) and insulin independent 
glucose excretion (dapagliflozin), leading to more effective reduction in HbA1c (saxagliptin and 
dapagliflozin) and body weight loss (dapagliflozin). Both agents (initial and add-on to metformin) 
also present lower risk for hypoglycemia based on their respective glucose-dependent MOAs.

Mechanism of Action of Metformin

Metformin is an antihyperglycemic agent with a poorly defined mechanism of action but a long 
history of clinical use.  Metformin increases insulin sensitivity in skeletal muscle and reduces 
gluconeogenesis in the liver.

Metformin improves glucose tolerance in patients with type 2 diabetes by lowering both basal 
and postprandial plasma glucose.  Metformin decreases hepatic glucose production, decreases 
intestinal absorption of glucose, and improves insulin sensitivity by increasing peripheral 
glucose uptake and utilization.  Unlike sulfonylureas, Metformin does not produce hypoglycemia 
in either patients with T2DM or normal subjects (except in special circumstances) and does not 
cause hyperinsulinemia.  With metformin therapy, insulin secretion remains unchanged while 
fasting insulin levels and day-long plasma insulin responses may decrease.

Saxagliptin and Metformin (KOMBIGLYZE XR) Combination (Mechanism of Action)

No new primary pharmacology information was submitted with NDA 200678 (KOMBIGLYZE 
XR).  Pharmacology information was based on studies submitted in support of NDA 22350 
(saxagliptin), NDA 21202 (Metformin XR) and literature references for both drugs.

Dapagliflozin and Metformin (Xigduo XR) Combination (Mechanism of Action)

No new primary pharmacology information was submitted with NDA 205649 (Xigduo XR).  
Pharmacology information was based on studies submitted in support of NDA 202293 
(dapagliflozin), NDA 21202 (Metformin XR) and literature references for both drugs.

4.2 Secondary Pharmacology

Saxagliptin (Secondary Pharmacology)
 
The pharmacological effect of saxagliptin on DPP4 has been demonstrated extensively in 
multiple in vitro and in vivo studies.  Saxagliptin exhibits dose-dependent inhibition of plasma 
DPP4 activity.  By inhibiting DPP4, saxagliptin indirectly improves circulating GLP-1 levels in 
plasma.  Since DPP4 is involved in degradation of multiple peptides, saxagliptin can also 
enhance GIP (glucose-dependent insulinotropic peptide) and GLP-2 (co-secreted with GLP-1).   
Potentiation of GIP may have an additive effect on GLP-1.  Inversely, DPP4 inhibition may also 
prevent degradation of GLP-2 to pharmacologically active fragments.  Study results indicate that 
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degradation of PYY by DPP4 can de-select for Y2 receptor thus improving the weight loss effect 
of PYY3-36.  Saxagliptin has the potential to inhibit DPP-8 and -9 at high plasma concentrations.  
Inhibition of these two enzymes may produce renal and skin toxicity and immunosuppression. 

Dapagliflozin (Secondary Pharmacology)

Dapagliflozin is selective to SGLT2 and not expected to affect SGLT1 in the intestine at clinically 
relevant drug concentrations.  As noted earlier, multiple adverse findings in rats have been 
attributed to SGLT1 inhibition in the intestine.  Intestinal inhibition of SGLT1 has been 
associated with glucose accumulation in the gut, leading to enhanced calcium (Ca) absorption 
and consequent bone hyperostosis and renal tumors in rats.  With more than 1200-fold 
selectively, dapagliflozin did not produce any clinically relevant findings that have been linked to 
inhibition of intestinal SGLT1 in rats (e.g., hypercalcium absorption, bone hyperostosis, 
renal/adrenal neoplasms).

Metformin (Secondary Pharmacology)

Metformin elicits a hypolipidemic effect and facilitates improvement in the progression and 
regression of atherosclerotic lesions in animal models.  Metformin may potentiate these 
responses through inhibition of fructose- and fat-induced hypertriglyceridemia, inhibition of the 
transfer of dietary triglyceride from the GI tract into plasma and/or reduction in the uptake of the 
absorbed lipid by adipose tissue.  Metformin also alters lipid metabolism in the aortic wall, 
inhibiting intramural lipid biosynthesis.

4.3 Safety Pharmacology

Saxagliptin and Metformin XR (KOMBIGLYZE XR) Combination (Safety Pharmacology)

No dedicated safety pharmacology studies were submitted to NDA 200678 (KOMBIGLYZE XR). 
Endpoints relevant to cardiovascular and respiratory safety were incorporated into the 3-month 
GLP combination (saxagliptin + metformin) toxicology study in dogs. There were no inter-group 
differences in respiratory parameters (including respiratory rate and O2 saturation) or 
cardiovascular endpoints (including ECG) however the study lacked a vehicle control group for 
comparison.

Dapagliflozin and Metformin XR (Xigduo XR) Combination (Safety Pharmacology)

No dedicated safety pharmacology studies were submitted to NDA 205649 (Xigduo XR). Safety 
pharmacology endpoints were incorporated into the 3-month GLP combination (dapagliflozin + 
metformin) toxicology study in rats.  Dapagliflozin and metformin either alone or in combination 
had no effects on behavior or respiration in this study.

Saxagliptin, Dapagliflozin and Metformin (FCDP) Combination (Safety Pharmacology)

No new safety pharmacology information was submitted with this application rather the sponsor 
is relying upon the in vitro and in vivo safety pharmacology studies evaluating the 
cardiovascular, central nervous, and respiratory systems of the individual components.
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5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Drug-Drug Interaction Between Saxagliptin and Metformin (KOMBIGLYZE XR) 

Pharmacokinetics studies were not submitted to NDA 200678 for the combination of metformin 
and saxagliptin (KOMBIGLYZE XR).  Toxicokinetic parameters were measured in the course of 
the pivotal 3-month toxicity study and in pregnant rats and rabbits (See TK section below).

Drug-Drug Interaction Between Dapagliflozin and Metformin (Xigduo XR)

Toxicokinetic parameters were measured in the course of a 7 day and 3-month rat studies (see 
TK section below).

Drug-Drug Interaction Between Dapagliflozin and Saxagliptin (QTERN)

The potential interaction between dapagliflozin and saxagliptin was investigated in an in vitro 
study using human liver microsomes.   The objective of the study was to assess whether 
saxagliptin and its active metabolite (BMS-510849) have the potential to inhibit UDP 
glucuronosyl transferase 1A9 (UGT1A9) based metabolism of dapagliflozin and propofol to 3-O-
glucuronide.  Propofol was used as control (metabolized by UGT1A9) while niflumic acid, a 
known inhibitor of UGT1A9 served as positive control. 

Saxagliptin and saxagliptin metabolite (BMS-510849) did not inhibit human glucuronide enzyme, 
UGT1A9.  The IC50 values for all three products were ≥ 50 μM.  The niflumic acid (UGT1A1 
inhibitor) inhibited dapagliflozin and propofol glucuronidation, with IC50 values of 0.2 μM and 
0.42 μM, respectively.  In summary, the study indicates that saxagliptin and the saxagliptin 
active metabolite (BMS-510849) have minimal potential to inhibit UGT1A9 involved in 
metabolism of dapagliflozin to 3-O-glucuronide metabolite.  Therefore, co-administration of 
saxagliptin with dapagliflozin is not expected to affect dapagliflozin metabolism in humans.

Drug-Drug Interaction Between Saxagliptin, Dapagliflozin and Metformin (New FDCP) 

No nonclinical drug-drug interaction studies were conducted with the combination of saxagliptin, 
dapagliflozin and metformin (QTERNMET XR).  The bioequivalence (BE) of dapagliflozin, 
saxagliptin and metformin were assessed between Dapa/Saxa/Met XR (5/2.5/1000 mg and 
10/5/1000 mg) relative to the reference products in healthy subjects when administered in the 
fed or fasted state under Study D168AC00001.

Results from the BE study (D168AC00001) indicate that patients switching from the mono-
components (dapagliflozin, saxagliptin and metformin) to equivalent doses of Dapa/Saxa/Met 
XR tablets (QTERNMET XR) will not have meaningfully differences in systemic exposures to 
dapagliflozin, saxagliptin and metformin.  In addition, food has no apparent effect on the overall 
systemic exposure (AUC) of saxagliptin, 5-hydroxy saxagliptin, and metformin. A food effect on 
dapagliflozin exposure (Cmax, ↓38%, under fed versus fasted-state) was not considered clinically 
relevant by the Sponsor as the pharmacodynamic effect of urinary glucose excretion is mainly 
driven by AUC, not by Cmax.  Both strengths of QTERNMET XR as well as the single doses of
ONGLYZA and XIGDUO XR were well tolerated with no safety concerns raised in this BE study.
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Considering the lack of clinical and nonclinical interactions between dapagliflozin and 
saxagliptin, dapagliflozin with metformin or saxagliptin with metformin, the potential for a drug-
drug interaction with the new triple FDCP is low.

5.2 Toxicokinetics 

Saxagliptin and Dapagliflozin (QTERN) Combination (Toxicokinetics)

Toxicokinetic parameters of the saxagliptin/dapagliflozin combination were determined in a 3-
month rat combination dose toxicology study.  Repeated oral administration of saxagliptin and 
dapagliflozin did not increase the exposure of either drug.   Saxagliptin and its metabolite had 
no notable effect on dapagliflozin exposure.  Similarly, dapagliflozin did not affect the saxagliptin 
exposure in rats.  There was no sex effect on dapagliflozin exposure; however, saxagliptin and 
metabolite exposures in female rats were 2-fold greater than the AUC in males and was 
consistent with previous findings in rats.  There is no sex effect on saxagliptin or dapagliflozin 
exposure in humans.  The exposure in rats at NOAEL dose was approximately 6-times the 
maximum recommended clinical dose for the FDC (saxagliptin + dapagliflozin) based on AUC.

Saxagliptin and Metformin (Kombiglyze XR) Combination (Toxicokinetics)

Toxicokinetic parameters were measured in the course of a pivotal 3-month toxicity study in 
dogs and in pregnant rats and rabbits.  Co-administration of both compounds did not affect the 
in vivo exposures to the individual components [including the 5-OH saxagliptin metabolite (BMS-
510849)] in the dog or in rats at low doses (200 mg/kg/day) of metformin.

When the same saxagliptin dose (25 mg/kg/day) was administered to rats with a higher 
metformin dose (600 mg/kg/day), there was a 46-70% decrease in Cmax for saxagliptin and 
BMS-510849, with no substantive effect on AUC.  There was no effect on metformin exposure 
at any of the doses evaluated in rats or dogs.

Dapagliflozin and Metformin (Xigduo XR) Combination (Toxicokinetics)

When metformin and dapagliflozin were co-administered to rats for 7 days dapagliflozin 
exposure was slightly decreased in males (exposure was 70% of the level observed in the 
absence of metformin).  Exposure to metformin was unchanged when combined with 
dapagliflozin.  In the 3-month rat study, the co-administration of dapagliflozin and metformin did 
not result in changes to the toxicokinetic profile of either compound.  There were no 
toxicologically adverse or toxicokinetic drug-drug interactions following the co-administration of 
dapagliflozin with metformin for 3 months in the rat.
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6 General Toxicology
No toxicology studies were submitted with this NDA application. Rather, the toxicology studies 
associated with the previous approval of Saxagliptin (Onglyza), Dapagliflozin (Farxiga) and 
Metformin XR (Glucophage XR) used alone or in combination, Saxagliptin + Dapagliflozin 
(QTERN), Saxagliptin + Metformin XR (Kombiglyze XR) and Dapagliflozin + Metformin XR 
(Xigduo XR) are being relied upon.

Saxagliptin + Dapagliflozin (QTERN)

The toxicity findings in the 3-month rat saxagliptin + dapagliflozin (FDC) study were consistent 
with the known toxicology profile of each individual component.  Except for proteinuria, oral 
administration of the combination did not produce a synergistic toxicity in rats.  There was no 
pharmacokinetic interaction between saxagliptin and dapagliflozin in rats.  The absence of a 
drug-drug interaction in vivo in rats is consistent with the results from the in vitro human liver 
microsomal assays.  Saxagliptin and its metabolite did not inhibit UGT1A9.   Given that in vitro 
studies demonstrated no notable inhibition or induction of CYP enzymes (e.g. CYP3A4/5), the 
potential interaction in humans is considered highly unlikely.   However, since both saxagliptin 
and BMS-510849 are excreted primarily by the kidney, a significant decrease in renal function is 
predicted to increase saxagliptin and metabolite exposure.  The NOAEL for the combination in 
rats was approximately 6-times the MRHD for the FDC (saxagliptin + dapagliflozin), AUC based. 

Saxagliptin + Metformin XR (Kombiglyze XR)

The studies submitted in support of NDA 200678 (Kombiglyze XR) employed a FDC of 
saxagliptin + metformin and included a 3-month study in dogs for general toxicity and embryo-
fetal development (EFD) studies in rats and rabbits. These studies were designed to address 
concerns that the combination of saxagliptin and metformin could cause unforeseen toxicities 
due to overlapping PD effects (addressed by the 3-month dog study) or could cause 
developmental abnormalities in fetuses of dams administered the combination, suggested by a 
prior combination EFD study performed under the saxagliptin application (Onglyza, NDA 
22350).  No unique or emergent toxicities were identified as a result of co-administration of 
saxagliptin and metformin during these studies.

Dapagliflozin + Metformin XR (Xigduo XR)

Toxicity unique to the co-administration of dapagliflozin and metformin was evaluated for each 
drug separately or when administered in combination during a 7-day rat toxicokinetic (TK) study 
and for up to three months in a rat toxicology study.

Pivotal toxicology studies with co-administered drugs were conducted to bridge potential toxicity 
of the combination treatment of dapagliflozin and metformin XR.  In the 7-day oral toxicokinetic 
study in the rat, treatment with metformin alone or co-administered with dapagliflozin did not 
alter metformin exposure.  Exposure to dapagliflozin was slightly decreased in male rats when 
co-administered with metformin (exposure was 70% of the level observed in the absence of 
metformin).  In the 3-month rat study, the combination of dapagliflozin and metformin when co-
administered did not result in adverse toxicological or toxicokinetic drug-drug interactions.  
Overall, the co-administration of dapagliflozin with metformin was consistent with toxicological 
findings observed in pivotal nonclinical toxicology studies with the dapagliflozin monotherapy 
and did not result in any unique or emergent toxicity findings.

Reference ID: 4406132



NDA 210874 Reviewer: Jeffrey Quinn

13

7 Genetic Toxicology
The genotoxicity of the saxagliptin, dapagliflozin and metformin used in combination has not 
been assessed and is likely unnecessary given the relatively safe genotoxicity profiles 
associated with the individual drug components.

Saxagliptin, Dapagliflozin and Metformin Genotoxicity (Individual Assessments)

Saxagliptin and dapagliflozin were not mutagenic with or without metabolic activation in the 
Ames assay.  Saxagliptin was mutagenic in the in vitro mouse lymphoma assay with but not 
without metabolic activation.  Saxagliptin and dapagliflozin were not mutagenic or clastogenic in 
an in vivo oral micronucleus assay in rats.  There was no evidence of a mutagenic potential of 
metformin in the following in vitro tests: Ames test (S. typhimurium), gene mutation test (mouse 
lymphoma cells), or chromosomal aberrations test (human lymphocytes).  The results of an in 
vivo mouse micronucleus test with metformin were also negative.

8 Carcinogenicity
The carcinogenicity of the saxagliptin, dapagliflozin and metformin used in combination has not 
been assessed.  Carcinogenicity findings for each component are described independently in 
the labels of the approved FDC products (QTERN, Kombiglyze XR and Xigduo XR).

Dapagliflozin (Carcinogenicity)

Dapagliflozin was assessed for its potential to induce tumors in two-year bioassays conducted 
in rats and mice. The two-year bioassays are intended to detect drug-induced tumors that arise 
from genotoxic as well as non-genotoxic mechanisms of action after approximately life-time 
exposure to an investigational drug.  Dapagliflozin did not increase the incidence of any tumor in 
rats and mice at drug exposures reaching 131x and 72x the clinical dose, respectively.

Based on an initial imbalance in bladder cancer observed in the clinic, additional investigative 
studies were undertaken to examine potential mechanisms driving this finding.  Evaluations 
focused on tumor promotion and/or growth enhancement demonstrated that dapagliflozin and 
its primary human metabolite did not display any characteristics of a tumor promoter and neither 
the pharmacologic target (SGLT2) nor its mechanism of action (glucosuria) were associated 
with any tumor risk. The Sponsor further suggests that there is no plausible mechanistic basis 
for dapagliflozin to be associated with increased tumor risk. The nonclinical data are consistent 
with the clinical results that have demonstrated an overall balance between the incidence of 
tumors in patients treated with dapagliflozin and placebo.

Saxagliptin (Carcinogenicity)

Saxagliptin was assessed for its potential to induce tumors in two-year bioassays conducted in 
rats and mice.  Saxagliptin did not cause an increase in tumors when administered to mice at 
doses of 50, 250, and 600 mg/kg/day (20-32x, 428-376x, 870-1165x MRHD, AUC basis) or 
when administered to male and female rats at doses of 25, 75, 150, and 300 mg/kg/day (43-
108x, 173-380x, 355-1012x, 847-2214x MRHD).

Metformin (Carcinogenicity)

Metformin caused an increase in benign stromal uterine polyps in female rats administered 900 
mg/kg/day (4X MRHD, AUC basis) but did not cause an increase in tumors in male rats 
administered the same dose or in mice administered 1500 mg/kg/day (4X MRHD).
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9 Reproductive and Developmental Toxicology
The effect of saxagliptin, dapagliflozin and metformin (use in combination) on reproductive 
development has not been assessed and is likely unnecessary given the relatively benign 
reproductive and developmental toxicity profiles of the individual components and FDCs.

Dapagliflozin (Reproductive Toxicology)

Treatment of juvenile rat pups until maturity with dapagliflozin resulted in renal pelvic dilatation 
at a drug exposure that is potentially clinically relevant and demonstrated irreversibility in 
recovery animals, suggesting that dapagliflozin is a renal pelvic development toxicant.

In addition to the juvenile animal study, reproductive and developmental toxicity were assessed 
in fertility, early embryonic development and pre- and post-natal development studies. In the 
fertility study no effects were observed on mating and fertility indices in the females and the 
males, except for altered spermatogenesis at 1707x MRHD.  Resorptions were increased in 
females at the high dose (188x MRHD), resulting in a NOAEL for this finding of 38x MRHD. No 
effects were observed on mating and fertility indices in the females and a NOAEL for female 
fertility was 188x MRHD due to reduced weight gain at higher doses.

Dapagliflozin was not teratogenic at doses up to 75 mg/kg/day (1141x MRHD) in the rat. Higher 
exposures resulted in late gestational fetal deaths and malformations and skeletal variations at 
≥ 1141x MRHD.  Dapagliflozin was not teratogenic in the rabbit at exposures up to 184x MRHD 
and effects on the litters, malformations and variations were not observed.

Exposures to dapagliflozin at 19x-1415x the MRHD in a pre- and post-natal development study 
in the rat failed to elicit pathological effects in dams but demonstrated renal pelvic dilatation at 
the high dose in the in utero and lactationally exposed pups (1415x MRHD).  Due to reduced 
growth in the pups the NOAEL was < 19x MRHD. In the dams the NOAEL was 249x MRHD due 
to reduced body weight gain at the high dose.  

Saxagliptin (Reproductive Toxicology)

The reproductive toxicology of saxagliptin monotherapy found no evidence of malformations at a 
dose more than 1500-times clinical exposure (AUC). Saxagliptin was not teratogenic in rats or 
rabbits. However, when saxagliptin was administered in combination with metformin to rats, 
malformations were noted in two fetuses from one litter at 25/200 mg/kg of saxagliptin/metformin 
(114x/4x the clinical AUC, saxagliptin/metformin). The noted malformations were 
craniorachischisis, which is a neural tube defect (incomplete closure of the skull and spinal 
column) and cleft palate from one litter. This particular neural tube defect was considered rare 
and the Division requested a repeat of the rat study and a new study to be carried out in rabbits.

Saxagliptin + Metformin (Reproductive Toxicology)

Based on the initial findings above, embryofetal development (EFD) studies evaluating the 
combination of saxagliptin and metformin were considered crucial for estimating the safety of 
FDC dosing.  However, an updated historical control database indicated that the incidence of 
craniorachischisis in the initial EFD study (see above) was within the historical control range.

The follow-up rat EFD study verified exposures to saxagliptin of 100x MRHD, to BMS-510849 of 
7x MRHD, and to metformin of 10X MRHD (AUC).  There were additive decreases in weight 
gain observed in the drug-treated groups, but there were no malformations observed (other than 
in one control fetus).  The only finding in this study that appeared to be related to treatment was 
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a slight increase in wavy ribs observed in the combination group (a statistically significant 
increase in fetal incidence).  Wavy ribs are commonly observed in the offspring of dams with 
reduced body weight gain and typically resolve during post-natal development in the rat.  
Hence, this finding was not considered to be an adverse effect.

A combination EFD study in rabbits was requested by the Division as a follow-up to the initial 
craniorachischisis finding in the rat. This study employed doses providing ≥ 200x MRHD for 
saxagliptin and/or 1x MRHD (AUC) for metformin (due to mortality at 2x MRHD). There was a 
high mortality rate (12/30 dams) in the combination group, but sufficient numbers of dams 
survived to provide an adequate assessment of fetal abnormalities. Satellite animals evaluated 
for toxicokinetics and clinical chemistry demonstrated sporadic low levels for bicarbonate, 
suggesting lactic acidosis may have contributed to some of the deaths; however, metformin 
exposure in the combination and monotherapy groups appeared similar despite the imbalance 
in deaths. There were no malformations in the nine early decedents with live litters at necropsy. 
One surviving dam in the combination dose group had a single fetus with malformations, 
including exencephaly, which is a neural tube defect. This incidence was within the historical 
control range, however, and was considered incidental (not related to treatment). The 
saxagliptin-only group in this study had a significant increase of offspring with small or absent 
gallbladder.  Although this finding could reasonably be attributed to treatment (especially given a 
similar but not statistically significant finding in the monotherapy EFD study), any risk to a 
developing fetus is very low given the high multiples of exposure involved. This finding was not 
observed in the combination group.  Overall, the data supported the safety of the fixed-dose 
combination of saxagliptin and metformin.

Metformin (Reproductive Toxicology)

Fertility of male or female rats was unaffected by metformin when administered at doses as high 
as 600 mg/kg/day, which is approximately 3-times the maximum recommended human daily 
dose based on body surface area comparisons.

10 Special Toxicology Studies
Dapagliflozin (Lactation Study)

Exposure of rats in utero and during lactation to dapagliflozin at 16x to 918x MRHD resulted in 
excretion of dapagliflozin in the breast milk of lactating rats at a milk to plasma ratio of 0.49x. 
The fetal exposure to dapagliflozin was 2x-142x MRHD, suggesting that pups in this study were 
exposed to pharmacologically and toxicologically relevant levels of the drug.
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11 Integrated Summary and Safety Evaluation
A full complement of nonclinical studies has been performed to support the approval of 
Saxagliptin (Onglyza), Dapagliflozin (Farxiga) and Metformin XR (Glucophage XR) used alone 
or in combination, Saxagliptin + Dapagliflozin (QTERN), Saxagliptin + Metformin XR 
(Kombiglyze XR) and Dapagliflozin + Metformin XR (Xigduo XR).  The overall toxicology 
program is sufficient to support the approval of NDA 210874 for the FCDP (QTERNMET XR).

Saxagliptin + Dapagliflozin Combination (QTERN)

The toxicity findings in the 3-month rat saxagliptin/dapagliflozin FDC combination study were 
consistent with the known toxicology profile of each monotherapy.  Except for proteinuria, oral 
administration of the combination did not produce a synergistic toxicity in rats.  There was no 
pharmacokinetic interaction between saxagliptin and dapagliflozin in rats and the absence of a 
drug-drug interaction in vivo was consistent with the results from in vitro human liver microsomal 
assays.  Saxagliptin and its metabolite did not inhibit UGT1A9.   Given that in vitro studies 
demonstrated no notable inhibition or induction of CYP enzymes (e.g. CYP3A4/5), the potential 
interaction in humans is considered highly unlikely.  However, since both saxagliptin and BMS-
510849 metabolite are excreted primarily by the kidney, a significant decrease in renal function 
is predicted to increase saxagliptin and BMS-510849 exposure.  The NOAEL in rats was 
approximately 6-times the MRHD (AUC) for the FDC (saxagliptin + dapagliflozin).

Saxagliptin + Metformin XR (Kombiglyze XR)

The 3-month dog study employed adequate doses that provided exposures to saxagliptin of up 
to 70x MRHD (AUC basis), to BMS-510849 of 16x MRHD, and to metformin of 1.5x MRHD. 
Tremor and shivering were observed more often in the combination treated group, but this did 
not correlate with post-dose hypoglycemia when measured on Day 2 or 3 of dosing. There were 
no effects specific to the combination on respiratory or ECG parameters; however, there was no 
vehicle control group for comparison.  Based on the safety profile of individual drug components 
and the lack of any unique adverse effects with the combination, this study was considered 
adequate to support the safety of combination dosing.  None of the nonclinical studies identified 
a unique or emergent toxicity as a result of co-administration of saxagliptin and metformin.

Dapagliflozin + Metformin XR (Xigduo XR)

The toxicity of metformin is well characterized and clinically manifests as lactic acidosis and 
gastrointestinal side effects (e.g. diarrhea, bloating and discomfort).  Based on nonclinical toxicity 
studies conducted with the dapagliflozin monotherapy, dapagliflozin is not expected to 
exacerbate the aforementioned clinical metformin toxicities.  For co-administered dapagliflozin 
and metformin, the observed nonclinical toxicity in the three-month rat study resulted in minimal 
to slight adrenal vacuolation.  This was considered non-adverse and was likely driven by a 
secondary pharmacodynamic response to dapagliflozin at a high multiple of exposure.  A 59x 
(MRHD) exposure multiple was observed in high dose rats and was considered the NOAEL, thus 
giving a wide clinical margin to the observed toxicity.  Overall, co-administration of dapagliflozin 
with metformin yielded results that were consistent with the toxicological findings observed in the 
pivotal nonclinical toxicology studies with dapagliflozin monotherapy and did not result in any 
unique or emergent toxicity findings.
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