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Disclaimer

Except as specifically identified, all data and information discussed below and necessary for 
approval of NDA 209091 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 209091 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 209091.
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1 Executive Summary

Introduction

AstraZeneca submitted a new drug application (NDA 209091) for QTERN® (Fixed Dose 
combination of Saxagliptin and Dapagliflozin) on April 27, 2016, for the treatment of type 2 
diabetes (T2DM) 

Both components of the FDC tablet have received previous FDA approval for the treatment of
T2DM.  Saxagliptin (ONGLYZA®, 2.5 mg and 5 mg strengths), a dipeptidyl peptidase 4 (DPP4) 
inhibitor, was initially approved by the FDA on July 31, 2009 (NDA 22350). Dapagliflozin 
(FARXIGA®, 5 mg and 10 mg strengths), a sodium glucose cotransporter 2 (SGLT2) inhibitor, was 
initially approved by the FDA on January 8, 2014 (NDA 202293).

This review addresses the nonclinical program conducted in support of the Saxa/Dapa fixed-
dose combination product.

1.1 Recommendations

1.1.1 Approvability:  Nonclinical data supports approval of NDA 209091  

1.1.2 Additional Nonclinical Recommendations: No additional nonclinical studies are 
recommended.

1.1.3 Labeling Recommendations

The pregnancy section of the label for dapagliflozin and saxagliptin (QTERN®) will be updated to 
comply with the Pregnancy Rule Publication (PLLR).
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1.2 Brief Discussion of Nonclinical Findings

AstraZeneca is seeking the approval of saxagliptin and dapagliflozin as a fixed dose combination 
(FDC) tablet for the treatment of type 2 diabetes.  The FDC tablet will be marketed under the 
trade name QTERN® at a strength of 5/10 mg QD saxagliptin/dapagliflozin.   Both components 
of QTERN® (saxagliptin/dapagliflozin) are FDA approved antidiabetic agents with distinctly 
different modes of action and metabolic pathways.   Dapagliflozin is a selective sodium-glucose 
co-transporter 2 (SGLT2) inhibitor marketed as monotherapy for treatment of type 2 diabetes 
under trade name FARXIGA® since Jan 9, 2014.   Saxagliptin is a dipeptidyl peptidase 4 inhibitor 
(DPP4i) marketed also as a monotherapy for diabetes since July 31, 2009 under trade name 
ONGLYZA®.  The sponsor has cross-referenced their FDA approved saxagliptin and dapagliflozin 
for the monotherapy.  In support of the FDC, the Sponsor has also provided a 3-month 
saxagliptin/dapagliflozin combination toxicology study in rats and an in vitro human liver 
microsomal study.

The pharmacokinetics and toxicity of saxagliptin and dapagliflozin alone have been reviewed 
and the nonclinical safety issues have been addressed under NDA 22350 and NDA 202293, 
respectively.  As a selective DPP4 inhibitor, the antihyperglycemic effect of saxagliptin is based 
on its ability to prevent DPP4 from degrading endogenous GLP-1 (7-36).  Prolonged GLP-1 
activity increases insulin release from the pancreas, leading to lower plasma glucose and 
HbA1C.  Saxagliptin is metabolized primarily by CYP3A/4 to active hydroxymetabolite BMS-
510849.  This metabolite is formed in all tested species but more so in humans.  The safety of 
saxagliptin and its active metabolite are addressed by the nonclinical studies submitted under 
the Saxagliptin application.
  
Dapagliflozin pharmacology, kinetics and toxicity have been reviewed under NDA 202293.  As a 
highly selective SGLT2 inhibitor, the antihyperglycemic effect of dapagliflozin is derived from its 
ability to inhibit SGLT2, a high capacity low affinity glucose transporter located in the renal 
proximal tubules.  By inhibiting renal SGLT2, dapagliflozin prevents glucose reabsorption back 
into the blood thus enhancing glucose excretion to urine and consequently lowering plasma 
glucose and HbA1C.  Since dapagliflozin is more than 1200-fold more selective for SGLT2 than 
SGLT1, dapagliflozin has limited adverse findings associated with inhibition of intestinal SGLT1 
in rats (e.g. hypercalcium absorption, bone hyperostosis and renal tumors).  Dapagliflozin is 
metabolized by glucuronidation by UGT1A9 to an inactive metabolite in humans and in animals.  
The toxicological profile of dapagliflozin is covered extensively in reviews of dapagliflozin NDA 
202293.

Dapagliflozin-Saxagliptin (Combination)

The safety of the saxagliptin/dapagliflozin FDC is supported by a 3-month toxicology study 
(0.4/0, 0/2 and 0.4/2 mg/kg/d Dapa/Saxa) in rats and an in vitro human liver microsomal 
metabolism.  The toxicology findings in rats with dapagliflozin alone and saxagliptin alone were 
consistent with previously described toxicology profile of each respective drug.   Except for the 
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2 Drug Information

2.1 Drug:  QTERN®

2.1.2 Generic Name: Saxagliptin/Dapagliflozin

2.1.3 Code Name for Saxagliptin component: BMS-477118

 Code Name for Dapagliflozin component:  BMS-512148

2.1.4 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

2.1.5 Molecular Formula/Molecular Weight 

Saxagliptin: C18H25N3O2 .H2O, MW= 315.4 (anhydrous), Formular weight=333.4
Dapagliflozin: C21H25ClO6.C3H8O2.H2O / MW = 502.98 (S-Propylene glycol 
monohydrate); = 408.87 (Non-solvated, non-hydrated form)

2.1.6 Structure of Saxagliptin (BMS-477118): 

Structure of Dapagliflozin (BMS-512148):

2.1.7 Pharmacologic class: 
Saxagliptin: Dipeptidyl peptidase 4 inhibitor (DPP4i)
Dapagliflozin: Sodium glucose co-transporter 2 (SGLT2) inhibitor  
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2.4 Proposed Clinical Population and Dosing Regimen for Saxagliptin + Dapagliflozin 

Type II diabetic patients, saxagliptin/dapagliflozin fixed dose combination (FDC): 5/10 mg 
saxagliptin/dapagliflozin per tablet

2.5 Regulatory Background

Saxagliptin (BMS-477118, NDA 22350) application was approved by the FDA on July 30, 2009 
and dapagliflozin (BMS-512148, NDA 202293) on Jan 8, 2014.  The FDC (5/10 mg 
saxagliptin/dapagliflozin) is supported by a 3-month dapagliflozin/saxagliptin combination dose 
toxicology study in rats and an in vitro human liver microsomal metabolism assay.  The 
pregnancy section of the label for the FDC will be updated to comply with the Pregnancy Rule 
Publication (PLLR).

3 Studies Submitted

3.1 Studies Reviewed 

 Report# DN12107: Dapagliflozin (BMS-512148) and Saxagliptin (BMS-477118): A Three-
Month Oral Combination Toxicity Study in Rats

 Report# N/A: Evaluation of the Potential for Saxagliptin (BMS-477118) and its Major 
Metabolite, BMS-510849, to Inhibit UGT1A9 in Human Liver Microsome Incubations 
Using Dapagliflozin or Propofol as Substrates

3.2 Studies Not Reviewed 

None 

3.3 Previous Reviews Referenced

 Saxagliptin  IND63634,   NDA 22350 
 Dapagliflozin  IND 68652, NDA 202293
 QTERN, NDA  (Original NDA, Multiple FDCs)
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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 
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localized to various organs including kidney (S2 and S3 segment of renal proximal tubules) and 
intestine.   The inhibition of intestinal SGLT1 has been shown to be responsible for some of the 
adverse effects (hypercalcium absorption, hyperostosis and renal tubule tumors) of less 
selective SGLT2 inhibitors1.  As a highly selective SGLT2 inhibitor, dapagliflozin has minimal 
effect on intestinal glucose absorption where SGLT1 plays an important role.  Since 
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.

Saxagliptin and Dapagliflozin (Combination) 
 
As noted above, saxagliptin and dapagliflozin have distinctly different modes of action that are 
complementary to each other in 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.

4.2 Secondary Pharmacology

Saxagliptin
 
Pharmacological effect of saxagliptin on DPP4 has been well demonstrated in multiple in vitro 
and in vivo studies. Saxagliptin has been shown to be an effective dose-dependent inhibitor 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 additive effect on GLP-1.  Inversely, DPP4 inhibition may also 
prevent degradation of GLP-2 to pharmacologically active fragments.  Studies show that 
degradation of PYY by DPP4 can de-select for Y2 receptor thus improving the weight loss effect 
of PYY3-36. Furthermore, saxagliptin has the potential to inhibit both DPP8 and DPP9 at high 
plasma concentrations.  Inhibition of these two enzymes may produce renal and skin toxicity 
and immunosuppression. 

Dapagliflozin

1 Kirk Ways, Mark D. Johnson, Rao N. V. S. Mamidi, James Proctor, Sandra De Jonghe, And Calvert Louden.  
Successful Integration of Nonclinical and Clinical Findings in Interpreting the Clinical Relevance of Rodent Neoplasia 
with a New Chemical Entity. Toxicologic Pathology, 43: 48-56, 2015
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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 shown to 
result in glucose accumulation in the gut, leading to enhanced 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).

4.3 Safety Pharmacology

In vitro and in vivo safety pharmacology of both dapagliflozin and saxagliptin has been reviewed 
under each respective application.  Saxagliptin had minimal cardiovascular effect in in vivo and 
in-vitro studies.  Saxagliptin related CNS lesions observed in male SD rats in chronic toxicology 
studies were attributed to cyanide release due to saxagliptin undergoing CYP2C11 metabolism, 
a metabolic pathway that is robust in male rats.  Female rats with substantially lower CYP2C11 
did not generate cyanide or result in CNS lesions. There were no such lesions in any other 
species.  There was no measurable change in cyanide levels in humans at maximum tested 
doses of saxagliptin.
 
Studies with dapagliflozin did not identify any notable cardiovascular or CNS effect. Oral 
administration of saxagliptin (2 mg/kg) and dapagliflozin (0.4 mg/kg) combination had no effect 
on CNS (functional observation battery) or respiratory function in rats at respective Cmax 
exposures 5X and 2X the MRHD. 

5 Pharmacokinetics/ADME/Toxicokinetics

5.1 PK/ADME

Saxagliptin
 
Saxagliptin PK has been examined in multiple species.  Saxagliptin is rapidly absorbed in all 
species including humans.  Except in rats where saxagliptin exposure in female rats was up to 2- 
fold greater than male rats, there was no gender effect on saxagliptin exposure.  Protein 
binding of saxagliptin was minimal in rats and dogs (5%) and humans suggesting that most of 
the saxagliptin in plasma is free and available to inhibit DPP4 enzyme.  Saxagliptin is 
metabolized primarily by CYP 3A4/5 to a predominant active metabolite, BMS-510849.   
Synthesized BMS-510849 had also low bioavailability (11%) and protein binding in rats (5%).  
Glucuronidation plays minimal role in metabolism of saxagliptin.   Although BMS-510849 is 
produced in all species, the exposure was substantially greater than the parent in humans than 
in animals; however, toxicological coverage was achieved by the high doses of saxagliptin 
tested in animals.   Based on the in vitro human liver microsomal study neither saxagliptin nor 
BMS-510849 is an inducer (CYP1A2, 2B6, 2C9 or 3A4) or inhibitor of human CYP enzymes 
(CYP1A2, 2A6, 2B6, 2C8, 2C9, 2C19, 2D6, 2E1 or 3A4/5).  Furthermore, saxagliptin and BMS-
510849 are not substrates to cellular uptake transporters (i.e. OATP1B1 (OATP-C), OATP1B3 
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(OATP8), OCT1, OCT2, OAT1, OAT3, PEPT1, and PEPT2).   In the mechanistic studies, the 
Sponsor showed that the noted CNS lesions in male rats were caused by saxagliptin metabolism 
by abundant CYP2C11 enzyme in male rats.  Since both saxagliptin and BMS-510849 are 
excreted primarily by the kidney, substantial decline in renal function (e.g. GFR) in diabetics is 
likely to affect saxagliptin and BMS-510849 clearance and exposure.  

Dapagliflozin

Dapagliflozin pharmacokinetics and metabolism has been determined in multiple species 
(Obermeier et al, 2010 2). 

Dapagliflozin is rapidly absorbed in all species including in humans with high bioavailability in 
rats and dogs and humans (78%).  In contrast to saxagliptin (~5%), dapagliflozin is highly protein 
bound in animals and humans (91%).  Dapagliflozin is metabolized by glucuronidation (UGT1A1) 
predominantly to inactive 3-O-glucuronide.  Studies show saxagliptin and BMS-510849 have no 
notable inhibitory effect on UGTA19.   Since CYP enzymes play a minor role in the metabolism 
of dapagliflozin, the potential effects of CYP inducers and inhibiters on dapagliflozin are 
expected to be limited.  Indeed, drug-drug interactions studies show saxagliptin and its 
metabolite to have no meaningful effect on dapagliflozin metabolism in humans.  Renal 
excretion of dapagliflozin is minimal (< 2%).  However, the glucuronide metabolite is excreted 
primarily by the kidney in humans (73% of dose).  Since excretion of saxagliptin and metabolites 
of both saxagliptin and dapagliflozin relay on renal excretion, a meaningful decrease in GFR in 

2 M. Obermeier, M. Yao, A. Khanna,1 B. Koplowitz,2 M. Zhu, W. Li, B. Komoroski, S. Kasichayanula, L. Discenza, W. 
Washburn, W. Meng, B. A. Ellsworth, J. M. Whaley, and W. G. Humphreys. In Vitro Characterization and 
Pharmacokinetics of Dapagliflozin (BMS-512148), a Potent Sodium-Glucose Cotransporter Type II Inhibitor, in 
Animals and Humans. Drug Metabolism and Disposition Vol. 38, No. 3, pages 405-414, 2010
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humans can adversely affect saxagliptin and metabolite exposure.  This is likely to occur in 
diabetics with renal insufficiency.

Drug-Drug interaction Between Dapagliflozin and Saxagliptin

Study: Evaluation of the Potential for Saxagliptin (BMS-477118) and its Major Metabolite, BMS-
510849, to Inhibit UGT1A9 in Human Liver Microsome Incubations Using Dapagliflozin or 
Propofol as Substrates (March 2012).

The potential interaction between dapagliflozin and saxagliptin was investigated in an invitro 
study using human liver microsomes.   The objective of the study was to assess whether 
saxagliptin and its metabolite (BMS-510849) have the potential to inhibit UDP-
glucuronosyltransferase 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 suggests that saxagliptin and saxagliptin 
metabolite (BMS-510849) have minimal potential to inhibit UGT1A9 involved in metabolism of 
dapagliflozin to 3-O-glucuronide metabolite.
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In summary, saxagliptin, and BMS-510849 were not inhibitors of glucuronide enzyme (UGT1A9) 
responsible for metabolism of dapagliflozin.  Co-administration of saxagliptin with dapagliflozin 
is not expected to affect dapagliflozin metabolism in humans. 
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5.2 Toxicokinetics 

Toxicokinetic parameters of the saxagliptin/dapagliflozin combination were determined in the 
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.  
The sex difference in saxagliptin exposure is 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 6X the maximum recommended clinical dose for the FDC based on 
AUC.  
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6 General Toxicology

6.1 Single-Dose Toxicity:  There were no single dose combination studies. 

6.2 Repeat-Dose Toxicity

Title: Dapagliflozin (BMS-512148) and saxagliptin (BMS-477118):  A Three-Month Oral 
Combination Toxicity Study in Rats 

Study # DN12107 (facility # 8000057)
Study report location BMS /AstraZeneca
CRO/Laboratory name
CRO/Laboratory address
Date of study initiation Aug 3, 2012 (dosing was initiated on Aug 21, 2012)
GLP compliance statement yes
GLP issues identified No
QA statement Yes
Drug, lot #, and % purity Saxagliptin Batch #2A75419NU, Purity 94.6% 

Dapagliflozin Batch #8D39878, Purity 81.3%

Key Study Findings
 There were no deaths or adverse clinical signs in rats orally treated with 0.4 mg/kg 

dapagliflozin, 2 mg/kg saxagliptin or their combination for 3 months.
 Dapagliflozin (0.4 mg/kg) pharmacology and toxicology were consistent with dapagliflozin 

monotherapy application. 
 Saxagliptin (2 mg/kg) pharmacology and toxicology were consistent with saxagliptin 

monotherapy application. Significant proteinuria was noted in male treated with 
dapagliflozin (1.71x) and in combination with saxagliptin (2.46x the control).  When 
corrected for creatinine, proteinuria persisted in dapagliflozin (1.49x control) and reached 
statistical significance in dapagliflozin /saxagliptin male rats (1.91x control).  Although 
saxagliptin had no effect by itself, there appeared to be synergistic effect on kidney to result 
in proteinuria in male rats.

 Except for proteinuria, co-administration of saxagliptin (2 mg/kg) and dapagliflozin (0.4 
mg/kg) had no additive or synergistic toxicity in rats.

 There were no treatment related effects on FOB, respiratory or ophthalmic parameters. 
 Neither dapagliflozin (0.2 mg/kg) nor saxagliptin (2 mg/kg) had any effect on glucose in 

normoglycemic rats.
 Dapagliflozin (BMS-512148) alone and in combination with saxagliptin increased kidney 

weights (7% to 19%) in male rats with no gross-pathologic or histopathologic correlates.
 Overall, there were no notable macroscopic or microscopic findings in rats.
 There was no drug accumulation (Day 1 vs. Week 13) when each compound was 

administered alone or in combination.
 There was no gender effect on dapagliflozin; however, saxagliptin and BMS-510849 AUCs in 

females were about 2-fold greater than the AUC in males.
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 Co-administration of saxagliptin and dapagliflozin did not affect the AUC exposure of 
saxagliptin or dapagliflozin in rats, suggesting no notable change in CYP or glucuronide 
enzymes to alter the metabolism of either component.

 The NOAELs for dapagliflozin (0.4 mg/kg, AUC 2790 ng.h/ml) and saxagliptin (2 mg/kg, 
Males: 199, F: 535 ng.h/ml) were about 6X the MRHD for the FDC, based on AUC.

Methods

Dapagliflozin/Saxagliptin Doses 0.4/0, 0/2.0 and 0.4/2 mg/kg 
Frequency of dosing Daily 

Route of administration Oral gavage
Dose volume 4 ml/kg of dapagliflozin followed by 5 ml/kg saxagliptin 

Formulation/Vehicle
Dapagliflozin in 90% polyethylene glycol 400 (PEG 400) in 
water and saxagliptin in acidified water (pH 4.5 to 5.5)

Species/Strain Harlan Sprague Dawley rats from Harlan Labs, Frederick,  MD
Number/Sex/Group 10/sex/group in main study plus 6 sentinel rats

Age 8 weeks old
Weight males 245 to 274 g,  females 171 to 208 g
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Toxicokinetic:   3 /gender/per subgroup from treatment groups 1 to 4 were sampled.  Samples 
taken from other rats in the groups not needed for TK analysis were discarded. 

Observations and Results
Mortality: 

 One female (#3502) was found dead on Day 1 and repalced (#3602). Death was 
unrelated to the treatment.

 There were no treatment relalted deaths. 

Clinical Signs:   There were no notable clinical signs.  

Body Weights
 BW decreased in dapagliflozin (↓6%) and saxagliptin treated male rats. BW gain 

decreased in all treated males relative to control.
 There was no statistically significant treatment related change in BW in female rats. 

However, slight but significant decrease in BW gain was noted in dapagliflozin treated 
females relative to control.
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Food Intake:  
 There was an increase in food intake in dapagliflozin rats (up to ↑24% relative to 

control) and water intake (up to ↑89% of control). 

Ophthalmoscopy: There were no notable drug-related ophthalmic changes in rats.

CNS and Respiratory Function
 Functional observational battery (FOB): There were no adverse neurobehavioral 

changes during WK 6 or 13.  Combination of saxagliptin/dapagliflozin had no synergistic 
effect on any of the parameters in the FOB (tremors, lacrimation, twitches, stereotypic 
behavior, salivation, convulsions, ataxic gait, locomotor, arousal or body temperature) 

 Respiratory rates were unaffected by dapagliflozin, saxagliptin or their combination.

Hematology
 There were no notable dapagliflozin, saxagliptin and combination related changes in 

hematology parameters in males.  Monocyte count in saxagliptin treated females was 
significantly increased. 

 Minimal decrease in prothrombin time was noted in the combination dosed male rats 
relative to control (not biologically relevant).
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Clinical Chemistry: 
 Saxagliptin alone and in combination with dapagliflozin increased AST in males, 

suggesting it to be a saxagliptin effect. 
 Dapagliflozin alone and in combination increased ALT in females.  The severity was not 

increased by the combination. 
 Dapagliflozin decreased serum Ca, phosphorus and some electrolytes relative to control.   

The serum chemistry changes with dapagliflozin in this study are consistent with low 
doses of dapagliflozin and other SGLT2 inhibitors.

 Oral dosing with 0.4 mg/kg dapagliflozin or 2 mg/kg saxagliptin did not decrease plasma 
glucose.  
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Urinalysis:  
 The urine volume tended to be higher dapagliflozin and dapagliflozin/saxagliptin rats; 

however the increases were not statistically significant.
 Urinary creatinine increased in dapagliflozin rats. 
 Proteinuria was noted in male treated with dapagliflozin (1.71X) and in combination 

with saxagliptin (2.46X the control).  When corrected for creatinine, proteinuria 
persisted in dapagliflozin (1.49X control) and dapagliflozin /saxagliptin male rats (1.91X 
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control).  Although saxagliptin had no effect by itself, there appeared to be synergistic 
effect on proteinuria in males.  The magnitude of increase was small and only noted in 
male rats, prone to develop spontaneous proteinuria.
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Gross Pathology
 Slight discoloration of kidney was noted in one combination dosed female. 
 Presence of a mass in the epidermis in one combination dosed male.
 Darks appearance of glandular stomach mucosa in one combination dosed male.
 Firm pale mass in the subcutis in a saxagliptin male.

Organ Weights: 
 There was a significant increase in kidney weight in both male and female rats treated 

with dapagliflozin and dapagliflozin/saxagliptin combination.    

Histopathology
Battery Considered Adequate? Yes
Peer Review Performed? Yes   
Study pathologist:  
Peer Review Pathologist:  BMS

 Minimal pancreatic acinar atrophy was noted in dapagliflozin (3M) and saxagliptin (1F) 
and combination (1F). Whether acinar atrophy was treatment related is not clear, as the 
incidence and severity were low and inconsistent.

 Single incidence of minimal diaphragm skeletal muscle degeneration/necrosis in one 
male treated with dapagliflozin.

 Non-treatment related progressive nephropathy was noted in males or females rats.
 There was no evidence of bone hyperostosis or renal tubule degeneration/regeneration. 
 Overall, there were no notable treatment related microscopic findings in the 3-month 

combination rat study.  Minor findings in the treated rats were also seen in control as 
well.

Reference ID: 4043460
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Toxicokinetics
 Systemic exposure to dapagliflozin during WK 13 was similar to dapagliflozin exposure 

on Day 1. 
 Systemic exposure to saxagliptin during WK 13 was generally similar (0.6 to 1.6X) to 

saxagliptin exposure on Day 1. 
 There was no gender effect on dapagliflozin exposure. However, systemic exposure to 

saxagliptin in males were less (0.4 to 0.6X) the values in females.
 The prominent saxagliptin metabolite, BMS-510549 exposure in males was less than (0.3 

to 0.5X) the exposure in females. 
 Oral co-administration of saxagliptin and dapagliflozin did not affect the exposure to 

each respective drug or metabolite of saxagliptin.  There was no evidence of saxagliptin 
and dapagliflozin interaction in the 3-month rat study.
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Dosing Formulation Analysis:  Saxagliptin and dapagliflozin concentrations in the oral solutions 
were within ±10% of the target concentration   The concentrations met the 
acceptable criteria thus acceptable.
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7 Genetic Toxicology

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. 

8 Carcinogenicity

The carcinogenicity of the combination was not assessed nor required. The carcinogenicity 
findings for each drug will be described independently in the label.

9 Reproductive and Developmental Toxicology

The effect of saxagliptin and dapagliflozin combination on reproductive development was not 
assessed. 

10 Integrated Summary and Safety Evaluation

AstraZeneca is seeking the approval of saxagliptin and dapagliflozin as a fixed dose combination 
(FDC) for treatment of diabetes under trade name, QTERN®.   QTERN® tablets will be marketed 
at a strength of 5/10 mg saxagliptin/dapagliflozin QD.   Both components of QTERN® 
(dapagliflozin/saxagliptin) are FDA approved antidiabetic agents but with distinctly different 
modes of actions and metabolic pathways.   To support the FDC, the Sponsor has also provided 
the results for a 3-month combination toxicology study in rats and an in vitro human liver 
microsomal assay.
   
The safety of the dapagliflozin/saxagliptin FDC is supported by single 3-month toxicology study 
in rats (0.4/0, 0/2 and 0.4/2 mg/kg/day Dapa/Saxa) and an invitro human liver microsomal 
metabolism.  Oral administration of 0.4 dapagliflozin alone (6x the MRHD) resulted in several 
minor findings in rats (e.g. ↓BW, ↑food intake, ↑ ALT, ↑ urine glucose, ↑urinary protein, 
↑kidney weight).  Oral administration of 2 mg/kg saxagliptin alone (2-7X the MRHD) was 
associated with minor changes in rats (e.g. ↓BW, ↑ AST in males). These findings were 
consistent with known toxicology profile of each respective drug.  Except for the proteinuria in 
male rats, co-administration of dapagliflozin/saxagliptin did not produce a synergistic effect on 
any other parameters evaluated in the study.  The magnitude of the increase in proteinuria at 
NOAEL dose (6X the MRHD, based on AUC) was small and observed only in male SD rats prone 
to spontaneous proteinuria and not considered clinically relevant. 

Neither dapagliflozin nor saxagliptin affected the pharmacokinetic profile of the other in rats.  
The absence of dapagliflozin-saxagliptin interaction was predicted based on the distinct 
metabolic pathways that each undergo in humans and animals.  The in vitro human liver 
microsomal assay found no evidence of inhibition of UGT1A9 by saxagliptin and metabolite, 
suggesting that co-administration will not affect dapagliflozin glucuronidation in humans.  
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