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1 Executive Summary

Saxagliptin belongs to the DPP-4 inhibitor class of anti-diabetic agents. Januvia
(sitagliptin) is the first approved DPP-4 inhibitor (NDA 21-995; approval date, Oct 16,
2006) by the FDA and the Agency ¢ J

Saxagliptin is intended to improve glycemic control for patients with type 2 diabetes
mellitus (T2DM). Sponsor is proposing saxagliptin as monotherapy, as an adjunct to diet
and exercise; in combination with metformin, a thiazolidinedione (TZD), or a
sulfonylurea (SU) when the single agent alone, with diet and exercise does not provide
adequate glycemic control; and also as initial combination with metformin, as an adjunct
to diet and exercise, when treatment with dual saxagliptin and metformin therapy is
appropriate. :

1.1 Recommendation

The Office of Clinical Pharmacology / Division of Clinical Pharmacology 2 (OCP/DCP-
2) has reviewed NDA 22-350 for Onglyza (saxagliptin) and finds it acceptable provided
that the Agency and the sponsor agree on the labeling. The recommendation and the
following comments should be sent to the sponsor as appropriate.

e It is recommended to reduce the dose to 2.5 mg when co-administered with strong
CYP3A4/5 inhibitors.
o Labeling comments on page 47.

Required office level OCP briefing was held on Thursday, March 26 2009 and the
attendees were Drs. Chandra Sahajwalla, Suresh Doddapaneni, Wei Qiu, Hylton Joffe,
Naomi Lowy, Fred Alavi, Todd Bourcier, Joga Gobburu, Mehul Mehta, Atik Rahman,
Gil Burckhart, Kellie Reynolds, Sally Choe, Jayabharathi Vaidyanathan, Justin Earp,
Michael Pacanowski, Johnny Lau, Sang Chung, Ritesh Jain, Immo Zdrojewski and Yun
Xu.

1.2 Phase IV Commitments
None
- 1.3 Summary of Impoertant Clinical Pharmacology Findings

The clinical pharmacology of saxagliptin has been characterized in 27 studies in healthy
volunteers and T2DM patients. In addition, there are 23 bioanalytical study reports, 17 7
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vitro metabolism/permeability studies, and one protein binding study. Based on these
studies, saxagliptin demonstrates the following properties:

Lharmacokinetic/ Bigpharmacentics Propertics

¢ Single dose and multiple dose pharmacokinetics of saxagliptin were similar and
there was no accumulation after once-daily dosing for 14 days. Following
repeated administration, steady-state trough levels on day 2 was similar to that on
day 4. The median Tmax was between 1.5-2.0 h following the 2.5 and 5 mg dose.
The elimination half-life in patients was 2.3 — 3.3 h. The pharmacokinetics of
saxagliptin in T2DM patients was similar to that observed in healthy subjects.
Overall the AUC and Cmax increased proportionally with dose in the dose range
of 2.5 mg to 50 mg in T2DM patients and 40 mg to 400 mg in healthy volunteers.
The following Tables 1 and 2 present the PK parameters of saxagliptin in healthy
subjects and T2DM patients, respectively.

Table 1: Summary statistics of saxagliptin PK parameters in healthy subjects (Study
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Table 2: Summary statistics of saxagliptin PK parameters in T2DM patients (Study
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The mean exposure of the major active metabolite, BMS-510849 was 1.7 - 3 fold
and 4-7 fold higher than the parent in healthy subjects and T2DM patients,
respectively. The molar ratio of BMS-510849 to saxagliptin was similar on Days
1, 7 and 14 within each dose. The median Tmax was 3 h and the mean apparent
terminal half-life was 3.6 h following 5 mg dose.

Co-administration of a 10 mg tablet with a high fat meal resulted in a 27%
increase in AUC of saxagliptin and a decrease in exposure of BMS-510849
(Cmax decreased by 18%). The median Tmax of saxagliptin was prolonged from
0.53 h to 0.99 h, while the median Tmax of BMS-510849 increased from 1.47 h
to 1.98 h when saxagliptin was administered following a high-fat meal. The
sponsor is requesting biowaiver for conducting additional clinical food effect



studies with the proposed 2.5 mg and 5 mg tablets and to apply the findings from
the 10 mg food effect study to these lower strength tablets. The biowaiver is
acceptable. Sponsor’s proposed administration of saxagliptin regardless of food is
acceptable,

The serum protein binding for saxagliptin and BMS-510849 was negligible in
plasma.

A mass balance study indicates approximately 75% of the radioactivity recovered
in the urine and about 22% in feces. The major metabolite observed in plasma
was BMS-510849.

A single dose study in renal impaired subjects indicated that renal function
affected saxagliptin exposure significantly. Saxagliptin mean AUC increased by
15%, 40%, and 110% (2.1 fold) in subjects with mild, moderate, and severe renal
impairment respectively, as compared to that of control subjects. Cmax also
increased by 39%, 7%, and 38% in subjects with mild, moderate, and severe,
respectively, compared to that of subjects with normal renal function. Compared
to subjects with normal renal function, ESRD subjects had 15%, 21% and 23%
lower mean Cmax, AUCiyy and AUCq.1) values of saxagliptin, respectively.
Compared to subjects with normal renal function, subjects with mild, moderate,
_ severe renal function and ESRD had 40%, 47%, 46%, and 36% , respectively,
higher mean Cmax values of BMS-510849 and 67%, 191% (2.9-fold), 347% (4.5-
fold), and 306% (4.1-fold), respectively, higher mean AUCq.1y values of BMS-
510849. The sponsor has proposed 2.5 mg for moderate, severe and ESRD
patients and no dosage adjustments are being proposed for mild renal impairment.
This is acceptable.

Saxagliptin is predominantly metabolized in the liver by CYP3A4/5 and the
exposure is expected to increase in hepatic impaired subjects. Compared to
matched healthy subjects, there was a trend towards higher exposure for
saxagliptin and lower exposure for BMS-510849 with increasing severity of
hepatic impairment, indicating a reduced capacity to metabolize saxagliptin as
hepatic function declines. For subjects with severe hepatic impairment, compared
to matching healthy subjects, geometric mean Cmax of saxagliptin was 6% lower
and geometric mean AUCirand AUCo.1) was 77% and 72% higher, respectively.
No dosage adjustments are proposed based on hepatic impairment. This is
acceptable.

Elderly subjects had higher systemic exposures to saxagliptin (approximately
60%7) and BMS-510849 (35%1) compared to young subjects. Adjustment for
CLecr and body weight reduced the saxagliptin PK difference between elderly and
young to 12%, 29% and 30% for Cmax, AUCixr and AUC.1), respectively.
There was interaction between age and sex on saxagliptin exposure as indicated
by 84-87% increase in elderly females as compared to young males. There was
simultaneously about 68-70% increase in BMS-510849 exposure in elderly
female subjects. No dosage adjustments are proposed by the sponsor based on age
and gender. This is acceptable.

Race did not have an effect on the clearance of saxagliptin based on population
pharmacokinetic analysis.



Saxagliptin is a CYP3A4/5 substrate as well as a P-glycoprotein substrate. The
effect of strong CYP3A inhibitors and inducers on saxagliptin concentrations is
an important issue.

o Drug interaction was evaluated with the following: ketoconazole,
diltiazem, rifampicin, maalox Max, famotidine, omeprazole, glyburide,
pioglitazone, metformin, digoxin and simvastatin. The most significant
changes in the saxagliptin exposure occurred in presence of metabolic
modulators. The DDI with ketoconazole was conducted with 100 mg and
20 mg saxagliptin and there was about 2.5-fold and 3.8-fold increase in
saxagliptin exposure, respectively. The extent of increase in exposure of
saxagliptin 5 mg in presence of ketoconazole is unknown. In addition,
considering the adverse events that resulted in presence of ketoconazole, it
is recommended to reduce the dose to 2.5 mg when patients will be
prescribed strong CYP3A4/5 inhibitors. In addition, there was a statistical
decrease in Cmax of saxagliptin in the presence of Maalox max (26% |)
and metformin (21% }). The 90% CI for these fell outside of the 80-125%
limit for Cmax in presence of these drugs with no impact on the AUC of
saxagliptin. This change is not likely to be clinically significant.

o Induction of CYP3A4/5 by rifampin caused an 80% decrease in
saxagliptin exposure. Although this was not associated with corresponding
increase in BMS-510849 exposure, there was about 40% increase in its
Cmax. Induction also resulted in a decrease in saxagliptin half life from
3.02 to 1.7 h. This metabolic induction is also evident in a 5-fold increase
in the metabolite-to-parent AUC ratio. The clinical significance of these
changes is unknown. However, if the exposure of the total active moiety
(molar parent exposure + one half molar metabolite exposure) is
considered, there was about 25% decrease in the total exposure, which is
unlikely to cause an clinically significant changes.

The final to-be-marketed tablets were similar to the formulation used in phase 3
trials except for the color and embossing. Saxagliptin molecule contains chiral
centers. Chiral conversion was examined and there was no conversion 2z v7vo.

Lxposure (Dose)-Response Relationship

[ ]

The thorough QT study shows saxagliptin does not prolong QTc based on the
concentration-dQTc relationship, with doses up to 8-fold of the therapeutic dose.
Dose-response relationship shows that the HbAlc lowering effect was increased
with increase in dose from 2.5 mg to 5 mg QD. -

Dosing with saxagliptin appeared to have a dose-dependent effect on plasma
DPP-4 activity. As expected, DPP-4 inhibition was negligible for subjects
receiving placebo. For subjects receiving saxagliptin, DPP-4 inhibition peaked, on
average, between 1.5 and 6 hours after dosing. The amount remaining inhibited at
the end of the dose interval (24 h) was 37% and 65% at the proposed clinical dose
of 2.5 mg and 5 mg respectively.

The exposure-efficacy response modeling for A1C LOCF after 24 weeks of
saxagliptin administration at QD doses of 2.5, 5, and 10 mg showed that the



reduction of A1C was linearly related to the log of AUCT, the total active moiety
exposure after saxagliptin administration. Model identified significant covariates
on the AIC were baseline AIC and duration of T2DM. For subjects (with
duration of T2DM of 3 months, baseline A1C of 8%) recexvmg saxagliptin 5 mg
QD treatment for 24 weeks, the expected A1C (95 prediction interval) was
predicted to be 7.34 (7.23 - 7.46) %.

The exposure-safety response modeling on the absolute lymphocyte counts after 6
months of saxagliptin administration at QD doses of 2.5, 5, and 10 mg showed
that the decrease of absolute lymphocyte counts is linear to the increase of the
total active moiety exposures within the tested QD dose range of 2.5-10 mg,
however the magnitude of the change, approximately 4% placebo-adjusted
decrease for subjects receiving 5 mg QD treatment of 6 months is unlikely to be
clinically relevant. Exposure-safety response modeling did not find a correlation
between the platelet counts and serum creatinine concentration to the total active
moiety exposure after 6 months of saxagliptin administration at QD doses of 2.5,
5,-and 10 mg. It was concluded that the responses of platelet counts and serum
creatinine concentration after 6 month of saxagliptin administration at QD doses
of 2.5, 5, and 10 mg were not found to be related to the saxagliptin administration.
Based on the results of the population pharmacokinetic analyses and the
‘exposure-response analyses, the efficacy outcomes (A1C and FPG) and safety
outcome (absolute lymphocyte counts) after 6 months of saxagliptin treatment
were predicted at given saxagliptin regimen and relevant covariates (baseline
AIC, duration of T2DM, baseline body weight, baseline absolute lymphocyte
counts). The predicted outcomes were transformed into the percent change from
baseline, and the summary statistics of the percent change from baseline is
presented in Figure 1. It shows that as saxagliptin dose increases, the reduction of
AI1C and FPG from baseline is expected to increase, with overlapping prediction
intervals at 2.5, 5, and 10 mg. There is a slight decrease of absolute lymphocyte
counts as dose increases, but the magnitude is unlikely to be clinically relevant, as
the predicted decrease of absolute lymphocyte counts after 6 months -of
saxagliptin treatment at 5 mg QD dose is only about 4% more than the predicted
value for placebo treatment.

Figure 1. Model Predicted Efficacy and Safety Outcomes after 6 Months of
Saxagliptin Treatment. Solid symbols and vertical bars represent the
median and 95% prediction intervals.
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o Lymphocyte counts 14 of 15 subjects experienced a decline in lymphocyte count
on Day 10 following administration of a single dose of 100 mg saxagliptin + 200
mg ketoconazole ql2h (study 005). In another study (022), following
administration of a single 20 mg dose of saxagliptin one week earlier, co-
administration of a second single dose of 20 mg saxagliptin and 200 mg
ketoconazole ql2h dosed to steady-state resulted in a decrease (30.6%) in
absolute lymphocyte counts. The levels returned to baseline levels within 72 h.
Overall, there was a decrease in lymphocyte count when saxagliptin was co-
administered with ketoconazole as well as when there was an interrupted dosing
of saxagliptin.

Overall, the cumulative data regarding the clinical pharmacology of saxagliptin support
the proposed use of this drug in T2DM patients.

2 Question Based Review
2.1  General Attributes of the Drug

211 Phar pertinent regulatory background or Aistory contributes lo the current
assessment of e clinical pharmacology and biopharmacentics of tis drug?

Saxagliptin (Onglyza) is a new chemical entity developed by BMS for the indication of
treatment of type 2 diabetes. Saxagliptin belongs to a new class of drugs known as DPP-4
(dipeptidyl peptidase-4) inhibitors. Currently only one DPP-4 inhibitor (Januvna) is
approved in the USA. A standard review status was granted for this NDA.

212  What are the fLighlights of the properties of the drug or the jormulation as they
relate fo clinical pharmacology review?

Saxagliptin drug substance is a - - : -

J

For the initial clinical studies (up to the end of Phase 2b), drug substance in
(designated as ————— was employed in the clinical
development program. A capsule dosage form containing the ' ———  of saxagliptin
— was developed and used -to evaluate the initial safety and
pharmacokinetics of saxagliptin. Subsequently, drug substance, as the ———
monohydrate (designated as _——"— . was selected for further development.
Saxagliptin drug products developed for Phase 3 clinical studies were film coated
immediate release tablets in three strengths: 2.5 mg, 5 mg and 10 mg (calculated as the
— These tablets differed from the early clinical tablets in the amount and color of
coating material.
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Saxagliptin is a chiral molecule with four stereogenic centers (S.5.8S configuration), two
being fixed in relative stereochemistry as part of the cyclopropane ring. The presence of
two of the diastereomers (BMS-573659 and BMS-644448) in human plasma and urine
samples from human ADME study as well as from late stage clinical trials were re-
examined for the presence of radioactivity or MS signal at the retention times
corresponding to the standards. In both conditions, no signals were detected at the
retention times of BMS-573659 and BMS-644448. '

Figure 2: Structure of saxagliptin

2.1.3  Wrhat are the proposed mecharism(s) of action and. therapentic indication(s)?

Saxagliptin is an orally active inhibitor of DPP-4 enzyme intended for the treatment of
type 2 diabetes in adults. Saxagliptin is indicated as an adjunct to diet and exercise to -
improve glycemic control in patients with type 2 diabetes.

DPP-4 is found free in the plasma and as a cell surface enzyme mainly located on
vascular endothelium and on epithelial cells in a variety of organs. It is the enzyme
primarily responsible for the degradation and inactivation of the incretin hormones
glucagon-like peptide-1 (GLP-1) and glucose-dependent insulinotropic polypeptide (GIP)
which play a critical role in glucose homeostasis. Inhibition of DPP-4 prolongs the life of
these polypeptide hormones in the circulation leading to improving glucose dependent
insulin secretion and reduction of inappropriate glucagon secretion. These hormones
contribute to the control of postprandial glucose excursions in a glucose dependent
manner, mitigating the risk of hypoglycemia.

In addition to enhancing postprandial insulin release, GLP-1 also reduces glucagon
release from the pancreatic a-cells, thereby reducing hepatic glucose production. This
effect is also glucose-dependent, such that when plasma glucose is normal or low, the
counter-regulatory response of glucagon release is not impaired. :

/n vifro enzymological assays using the chromogenic dipeptide gly-pro-pNA pseudo
substrate and the endogenious GLP-1 substrate, with recombinant human DPP-4 indicated
that saxagliptin exhibited a Ki value of 1.3 + 0.3 nM. Saxagliptin is metabolized to BMS
510849, a monchydroxylated metabolite that is present in human plasma at levels 2 to 7x
the level of the parent drug. This metabolite is also an inhibitor of DPP4, and is 2x less
potent than saxagliptin, and has a Ki of 2.6+1.0 nM. Saxagliptin and BMS-510849
exhibited selectivity (391 and 948x, respectively) for DPP4 over DPPS, and (75 and
163, respectively) for DPP4 over DPP9 at 37°C. Saxagliptin had a Ki for inhibition of



plasma DPP activity of 1.7 nM (ICs0 13 nM) and 0.9 nM (IC50 9 nM) in human and
cynomolgus monkey plasma, respectively.
2.1.4  What are the proposed dosage and route of administration?

The proposed usual clinical dose is 5 mg once daily given orally. The recommended dose
is 2.5 mg once daily in subjects with moderate or severe renal impairment, and end-stage
renal disease requiring hemodialysis.

2.2 General Clinical Pharmacology

22.1  What are the design features of the clinical pharmacology and clivical studies
used lo support dosing or clains?

Twenty-seven (27) clinical pharmacology studies were conducted in healthy volunteers
as well as type 2 diabetic patients. The studies include
e Single ascending -dose, multiple ascending dose, and ADME mass balance
-studies. .
® Special populations PK study (renal impairment, hepatic impairment, age and
gender).
Drug-drug interaction studies.
¢ Pharmacodynamic studies investigating saxagliptin’s effect on DPP-4 inhibitory
activity. '
Effect of saxagliptin on cardiac QT interval.
Relative bioavailability studies.

In addition, there are 23 bioanalytical study reports, 17 in vitro metabolism/permeability
studies, and one protein binding study.

In the dose-ranging study, doses in the range of 2.5 mg — 40 mg were evaluated for 12
weeks. In the Phase 3 program, saxagliptin doses of 2.5, 5, and 10 mg administered once
daily were evaluated to fully characterize the efficacy, safety, and benefit/risk profile of
saxagliptin within the dose-response range established in Phase 2. The different phase 2b-
3 trials to support dosing claims are summarized in the table below.
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Table 3: Summary of Controlled Phase 2b-3 Clinical Trials

Stdy No. Smudy objectivet  Randomized  Duorarion short-  Saxasdiprin (me) dojage
(Population) and ireated term
subjects {total)
All ) 5axa
AL th ¥ pl.’lt Y irollsd
V281008 Dose-rangieg 423315 12 weeks 235,5,16, 20,0040 QD
safity aud efficacy or or
(AIC 6.8%D.7%) S veeks 160QD
cviz01t Saferv and efficacy 401/ 308~ 24 weeks 25,500 10QD
(AL T4-10%) (205 weaks)
CV'143038 Safery and efficacy 365201 Hwatks 23, 5,01 2,355 QAM,
(AIC 19%-10%) (76 weeks)y or 3 QPM
<Vigiea - Machanigm of 3620 12 waeks 5QD
acdon {116 weaks)
(A1C 6%-5%)
Add-on combination placebo-¢
CV181013 Safaty sod efficacy 5657381 24 waeks 1500 5QD ¢~ TZD)
CALC 725.10.585) {76 weeks)
CVI81014 Safaty aad efficacy 7431564 24 waeks 23,5 0r10QD
(AT T2%-10%) (204 weaks) (+metformun)
CV181040 Safery and efficacy 768503 24 waeks 2.5 or 5 QD (+glyturids)
{AIC 7.5%-10%) (76 waeks)
Initial coxbination active-conrrolisd
€V181039 Safety and efficacy 13067978 24 waeks 3 0r 10 QD (+matforern)
(A1C Re-120) (76 weaks) <r 10mgpQD

*+ am addiconyt 66 subjacts receited opex-1abel saxagliptin in Sredy CVISIC11
QD = orze dajly, QAM = once duly in the morning, QOM = onca daily in the avening

2.2.2  Wrhat is the basis for selecting tre response endpoints, I e clinical or surrogate
endpoints, or biomarkers (collectively called plharmacodynamics, PD) and how
are they measured in clinical pharmacology and clinical studies?

The American Diabetes Association (ADA) recommends the use of HbAlc levels as an
indicator of glycemic control. The sponsor has used the change from baseline in HbAlc
at the end of double-blind treatment as the primary efficacy variable in all key efficacy
studies. In addition, PD parameters based on the mechanism of action of drug were
measured in some clinical pharmacology studies. They include DPP-4 enzyme activity,
levels of GLP-1, GIP, insulin, glucagon, and glucose.

223 Are the active moreties in the plasma (or other biological fluid) appropriately
identyfied and measured fo assess pharmacokinelic paramelers and exposure
response relalionships?

Yes. Please refer to the Analytical section for details.
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224  What are the characleristics of the exposure-response relationship (dose
rESPOnSe, concentralion-response)?

e Efficacy

Lffect of saxagljptin on DPP-4 inkibitior.: Saxagliptin inhibited plasma DPP-4 activity
in a dose-dependent manner. The pharmacodynamic - effect of saxagliptin was
investigated in normal volunteers as well as T2DM patients. Following single dose
administration (study 001) in healthy subjects, maximum of 73% and 79% inhibition was
achieved during the first 0.75 — 2 h after administration of saxagliptin at doses 2.5 mg and
5 mg, respectively. Inhibition was 35% and 44% after 24 h post-dose following 2.5 mg
and 5 mg dose, respectively (Figure 3).

Figure 3: Plot of Mean Percent Changes from Baseline for Plasma DPP-4 Activity

following single oral dose of saxagliptin
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Following multiple dose administration (study 010) in healthy subjects, the DPP-4
inhibition peaked, on average, between 0.75 and 4 hours after dosing on both Day 1 and
Day 14. Plasma DPP-4 inhibition on Days 1 and 14 appeared to be dose-dependent both
in terms of the maximum inhibition and the amount remaining inhibited at the end of the
dose interval (24 h) from 40 to 150 mg QD saxagliptin. Dosing with saxagliptin at 100,
150, 200, 300 and 400 mg resulted in larger inhibition of plasma DPP-4 activity than
dosing with saxagliptin 40 mg, no clear difference was observed between the 150 mg —
400 mg doses. For all doses, plasma DPP-4 activity was inhibited by at least 74% at 24
hours after a single dose and following two weeks of daily dosing. The peak inhibition of
plasma DPP-IV activity on Days 1 and 14 was between 1 and 2 h post-dose which tended
to coincide with the Tmax values for both saxagliptin and BMS-510849 (Figure 4).
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Figure 4: Plot of Mean Percent Changes from Baseline for Plasma DPP-4 Activity

on Day 14
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Following multiple dose administration (study 002) in T2DM patients, the plasma DPP-4
inhibition was dose-dependent. As expected, DPP-4 inhibition was negligible for subjects
receiving placebo. For subjects receiving saxagliptin, DPP-4 inhibition peaked, on
average, between 1.5 and 6 hours after dosing. The amount remaining inhibited at the end
of the dose interval (24 h) was 37% and 65% at the proposed clinical dose of 2.5 mg and
5 mg respectively (Figure 5).

Figure S: Plot of Mean Percent Changes from Baseline for Plasma DPP-IV Activity
on Day 14
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Plasma active GLP-I concentrations: In general, dosing with saxagliptin (in the dose
ranges of 40 to 200 mg) in healthy subjects produced an increase in mean changes from
baseline (although not dose-dependent effect) for postprandial AUC(0-3h) plasma active
GLP-1 over those observed for subjects on placebo for all meals.

Saxagliptin did not appear to have a dose-dependent effect on plasma active GLP-1
concentrations in T2DM patients. For patients receiving saxagliptin, plasma active GLP-1
concentrations generally peaked, on average, at 6 hours after dosing. Exceptions were the
50 mg dose-group which produced plasma active GLP-1 concentrations which peaked, on
average, at 1 hour after dosing on Days 1 and 14, and the 2.5 mg dose-group which
produced plasma active GLP-1 concentrations which peaked, on average, at 45 minutes
after dosing on Day 1.
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Orther PD parameters. Dosing with saxagliptin did not appear to have a dose dependent
or time-dependent (day of dosing) effect on glucose over 24 hours from the time of
dosing. Dosing with saxagliptin did not appear to have a dose-dependent or time-
dependent effect on HOMA, glucose AUCO0-4 values, serum insulin or C-peptide over 4
hours from the time of meal.

Lfject on HoAle:

Dose finding: In the dose-finding study (008), the safety and efficacy of saxagliptin
monotherapy in treatment-naive subjects with T2DM who had inadequate glycemic
control. Subjects were randomized to receive 1 of 5 doses of saxagliptin (2.5, 5, 10, 20,

~and 40 mg) or placebo once daily for 12 weeks (0-40 mg cohort). An additional 85
subjects were randomized to receive saxagliptin 100 mg or placebo once daily for 6 -
weeks (0,100 mg cohort). The results indicate that the largest effect on glycemic control
(decreases in HbAlc, fasting plasma glucose and postprandial serum glucose) was
generally seen at a dose of 5 mg or 10 mg, with no apparent increase in efficacy at doses
higher than 10 mg in the 0-40 mg cohort (Figure 6). There was also significant inhibition
of plasma DPP-4 activity at trough (24 h post-dose), with the largest effect seen at 10 mg,
with no apparent increases at doses higher than 10 mg. On this basis, once-daily regimens
of 2.5, 5, and 10 mg saxagliptin administered to subjects with T2DM were characterized
in the core phase 3 studies.

Figure 6: Adjusted mean change (SE) from baseline in HbAlc at week 12 or week 6
(100 mg) (LOCF): 0-40 mg cohort (left) and 0-100 mg cohort (right)
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Lrase 7 studies: The primary endpoint in the core studies (011, 038, 013, 014, 040 and
039) was the change in HbAlc from baseline to week 24. Statistically significant
reductions from baseline in HbAlc were seen across all studies in the saxagliptin
treatment group compared to control. Treatment with 5 mg saxagliptin led to placebo-
subtracted adjusted mean changes in A1C that ranged from -0.40% to -0.83%. The
saxagliptin 5 mg groups achieved greater reductions from baseline in A1C than the
saxagliptin 2.5 mg groups in five of the six studies (Figure 7 & 8). There was no
consistent evidence for incremental efficacy benefit at 10 mg beyond that seen for 5 mg.
Similar overall glycemic lowering efficacy was achieved when the saxagliptin 5 mg dose
was given in the morning (QAM) and evening (QPM) in study 038 (Figure 7).
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Figure 7: HbAlc adjusted mean changes from baseline (95%CT) at Week 24
(LOCF) - Phase 3 monotherapy studies
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Studies 013, 014, and 040 evaluated the safety and efficacy of saxagliptin in combination
with thiazolidinedione (TZD), metformin, or sulfonylurea (SU), respectively, in subjects
with inadequate glycemic control on TZD, metformin, or SU alone (Figure 8). Study 039
evaluated the safety and efficacy of saxagliptin in combination with metformin as initial
therapy versus initial therapy with saxagliptin or metformin as monotherapies.

Figure 8: HbAlc adjusted mean changes from baseline (95%CI) at Week 24
(LOCEF) - Phase 3 add-on combination therapy studies
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Lxposure-response: Figure 9 indicates there is a difference in response between subjects
who received saxagliptin or placebo. However, the effect appears to have reached its
maximum response in patients whose exposures were within 2.5 mg dose range.
Exposure response relationships may be more evident for doses less than 2.5 mg. Dosing
10 mg over 5 mg will likely offer no improvement in HbAlc reduction. Dosing 5 mg
over 2.5 mg may not offer improvement in response at week 24.

Figure 9: Exposure Response Relationship for HbAlc Change from Baseline at
Week 24. Mearn H0A7c change from baseline for each quartile of exposures (AUC) are
plotted + SEM. The placebo and treated responses are shown in black and red, The 952
confidence intervals for the AUC jor fofal active moiety Jor each dose are plotted as lines
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indicaling the range of response jor the expected distribution of AUC values within each
dose. T7e range of exposures in eackh guartile is represented by the range of each
segment of the solid red line at the bottom of the figure.
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Efficacy of Saxagliptin was monitored at various weeks over the duration of the phase 3
clinical trials. In study 11 subjects who received placebo or 2.5, 5, or 10 mg of
saxagliptin for 24 weeks. Figure 10 shows that there is no dose-response for
effectiveness in study 11 above the 2.5 mg dose (Panel A) and that this is also not
exposure dependent (Panel B). No distinction can clearly be made between the time
course of response when grouped by dose or exposure (indicated by quartiles, Q1-Q4).

Figure 10. Time-course of HbAlc response by dose (Panel A) and exposure quartile
(Panel B). Data and error bars are plotted as mean + SEM.

1 L, L L. ] 1 1

1 1 ] 1 ' 1 2 0.5+ B

- 0.5 o =

v £

5]

. 0.0

g 0.0 g

‘: 'S

© &

2 5

- Q

505 50581

2 2

% s

£ T

1.0 o -1.0 -
T T T L] ¥ T T ¥ T T T T T )
(4] 4 8 12 16 20 24 o 4 8 12 16 20 24
Time (weeks) Time (weeks)

The sponsor’s proposed dose of 5 mg is acceptable. No. benefit was observed from
10 mg over 5 mg in Figure 9 or 10.

¢ Safety
Safety and tolerability considerations that have been raised in association with members ‘

of the DPP4 inhibitor class include the occurrence of skin-related lesions [observed in
nonclinical (monkey) toxicology studies], gastrointestinal toxicity (observed in dogs),
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hypersensitivity reactions, localized edema of the hands and feet, abnormalities in liver
function test, increased reports of infections, and increases in serum creatinine.

Saxagliptin was safe and well tolerated in all clinical trials at doses of up to 400 mg QD
for 2 weeks, 100 mg QD for 6 weeks, 40 mg QD for 12 weeks, and at 2.5, 5, and 10 mg
QD for up to 102 weeks.

Effect on lymphocyte count: 14 of 15 subjects experienced a decline in lymphocyte
count on Day 10 following administration of a single dose of 100 mg saxagliptin + 200
mg ketoconazole q12h (study 005). Pyrexia, chills, and decreased lymphocytes appeared
after the second dose of 100 mg saxagliptin, which was administered 8 days after the first
100 mg dose of saxagliptin in this study. The second 100 mg dose was co-administered
with ketoconazole doses to steady-state which suggests the combination of saxagliptin
and ketoconazole may be implicated in the appearance of pyrexia, chills and lymphocyte
findings.

In another study (022), following administration of a single 20 mg dose of saxagliptin
one week earlier, co-administration of a second single dose of 20 mg saxagliptin and 200
mg ketoconazole q12h dosed to steady-state resulted in a decrease (30.6%) in absolute
lymphocyte counts. The levels returned to baseline levels within 72 h.

Study 031 assessed the role of the interrupted dosing of saxagliptin on the lymphocyte
changes. Absolute lymphocyte count decreases were observed was on Day 23 in subjects
administered placebo on Day 1, 40 mg saxagliptin QD from Day 2 through Day 15,
placebo from Day 16 through Day 22 and a single dose of 40 mg saxagliptin on Day 23
(Sequence 2).

Reviewer’s comments: Overall, there was a decrease in lymphocyte count when
saxagliptin was co-administered with- ketoconazole as well as when there was an
interrupted dosing of saxagliptin. The effect of following 5 mg QD dose in the above
scenario as well as the clinical significance of this change is not known.

FEposure-safey: Lymphocyte count, platelet count, and serum creatinine concentrations
were plotted to examine for correlation with saxagliptin exposure.

Lymphocyte count- Lymphocyte response to saxagliptin exposure is shown in Figure 11.
The greatest reduction in lymphocyte count (4% at 24 weeks) was observed for exposures

relevant to 5mg or higher saxagliptin. While these exposures are possible at the
proposed dosing regimen, a 4% reduction in lymphocyte count may not have clinically
significant/symptomatic effects at 24 weeks.

Figure 11. Exposure Response Relationship for Lymphocyte Count. Aear percent
change from baseline in lymphocyte count at week 24 for eack guariile of exposures (4UC) are
plotted + SEM. The placebo and freated responses are shown in black and red. The 95%
confidence intervals for the AUC for lfofal active moiely for each dose are plotted as lines
indicating the range of response for the expected distribution of AUC values within eact dose.
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Z%e range of exposures in eack guariile is represented by the range of eack segment of the solid
red line at the bottom of the figure.
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There appears to be a dose dependent response and that the response for the 5 mg dose is
not significantly different from placebo. However, the 10 mg dose shows reduction is as
great as 10% change from baseline (Figure 12).
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Figure 12. Time-course of lymphocyte response by dose (Panel A) and exposure
quartile (Panel B). Data and error bars are plotted as mean = SEM.
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Flatelet count: Platelet count response to saxagliptin exposure is shown in Figure 13.
Platelet count appears to slowly decrease with increasing saxagliptin exposure. The
exposures achieved at the proposed 5-mg dose may cause a slight reduction in platelets at
week 24. Exposures from the 5- and 10-mg doses could reduce platelet count by as much
as 5% at week 36.

Figure 13: Exposure Response Relationship for Platelet Count. A/zz» change from
baseline in platelet count for each guartile of exposures (AUC) is plotred + SEM. The
placebo and rreated responses are shown in black and red The 95% confidence
intervals for the AUC for total active moiety for eackh dose are plotted as lines indicating
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the range of response Jor the expected distribution of AUC values within eack dose. The
range of exposures in edch guartile Is represented by the ra/zge of each segment of e
solid red line at the bo//om of the f igure,
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Serum creatimine. There is no apparent change in serum creatinine in response to
saxagliptin exposures (Figure 14).

Figure 14. Exposure Response Relationship for Serum Creatinine. Aoz percerns
change from baseline i serum crealinine Jor each guartile of exposures (AUC) is plotied
+ SEM 7he placebo and rreated responses are shown in black and red. The 95%
confidernce intervals for the AUC for lofal active molety for eack dose are plotted as lines
Indicaling the range of respornse jor the expected distribution of AUC values within eack
dose. The range of exposures in each quarlfile is represented by the range of eack
segment of the solid red line af the bottom of the figure.
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225 Does this drug prolong the Q7 or Q7 inferval?
The effect of saxagliptin on the QT interval was assessed in a randomized, double-blind,

four-period, four-treatment, multiple-dose, crossover study, in which 40 healthy subjects
received saxagliptin 10 mg, saxagliptin 40 mg, and placebo once daily for 4 days.
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Moxifloxacin (single-dose 400 mg) was used as a positive control. No significant effect of
saxagliptin was detected in this ‘thorough QT’ study. The largest upper limits of the two-
sided 90% CI for the mean difference between saxagliptin (10 and 40 mg) and placebo were
below 10 ms, the threshold for regulatory concern as described in the ICH E14 guideline. The
largest lower bound of the two-sided 90% CI for the AAQTcF for moxifloxacin was greater
than 5 ms indicating that the study was adequately designed and conducted to detect a small
effect on the QT interval.

The geometric mean Cmax of saxagliptin on Day 4 was 235 ng/mL and 49 ng/mL following
the 40 mg and 10 mg given QD for 4 days. This mean Cmax is about 10-fold higher than
the mean Cmax at the therapeutic dose (~ 20-24 ng/mL at 5 mg). The relationship between
AAQTcF and saxagliptin concentrations is visualized in Figure 15 with no evident exposure-
response relationship. Please see QT-IRT review under IND 63,634 for more details.

Figure 15: AAQTCcF versus saxagliptin concentration
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22.6  What are the single dose and multiple dose PR paramelers in healthy suljects?

Single oral doses in the range of 1-100 mg were administered in healthy volunteers. The
median Tmax ranged from 0.5 — 1.0 h and 1.0 — 2.0 h while the mean half-life ranged
from 1.2 —~ 2.8 h.and 2.8 — 6.7 h for saxagliptin and BMS-510849, respectively in the 1-
100 mg dose range under fasting conditions.
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Figure 16. Mean (plus SD) plasma concentration for saxagliptin (left) and BMS 510849
(right) following administration of single dose of 2.5 to 100 mg of saxagliptin to healthy
subjects in fasted state.
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Multiple doses of 40, 100, 150, 200, 300 and 400 mg were studied in healthy volunteers.
The PK profiles of saxagliptin on Day 1 and Day 14 was similar (Table 4). There was no
evidence of accumulation following once daily dosing for 2 weeks. There was also no
evidence of saxagliptin inhibiting or inducing its own metabolism following daily oral
doses of 40 to 400 mg for 2 weeks. Across the dose groups on Days 1 and 14, the mean
amounts of a saxagliptin dose excreted into the urine (unchanged saxagliptin) ranged
between 18 and 29%. In general, saxagllptm trough concentrations were similar on Day 2
and 4.

Both Cmax and AUCtau of BMS-510849 appeared to increase proportionally with
saxagliptin doses up to 300 mg but appeared to increase less than proportionally at the
400 mg saxagliptin dose. Mean BMS-510849 urinary recoveries was 21 and 33% of the
saxagliptin dose over a dose interval. Across the dose groups on Days 1 and 14, the mean
BMS-510849 plasma exposures on a molar basis were between 1.7 and 3.0-fold higher
than parent saxagliptin.
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Table 4: Summary Statistics of Saxagliptin PK Parameters in healthy subjects
following single dose and multiple dose administration

PK Study Dav
Parameter Dose Davl Dav 14
n=10 for 40 my =10 for 40 mg
b=6 tor all other doses 26 for all ocker doses
235 (40) 724 (3)
Cosx (agmel) 4021y =
Geomemic Mean (CV. %) | 100mg 585 (19) 457 (1)
: 150mg 654 25) 614 19)
ﬁzmx 120713 083 ()
500me 1845 (20) 1630 @1)
400 g 3B A8y _1ss3 0
AUCTAY) (epbinl, ks 0 00 500 @4
BeGaga | roome 1599 a5 1988 (1)
130mg 243 Q1) 2533 )
Wy 4186 Q5) 4090 (10)
300my 6652 (22) 8530 (26)
00y 5365 (13) 3532 (13)
AL for AUC(TAL oz 1080y
Geomenic Mean (3.'\'. | 10w . 105 (15)
150mg . « 100 {13)
00w A 049 (19)
300mg .68 (14)
00mg e
T 0mp 190 (0.75, 1.00) 0.£2 (050, 2.58)
Madizn (Mip, Max) lgOmg 113 (0.50,2.00) 1.59 (0_:0, 2.00)
130mg . . 125 (075.2.00)
W0mg 60) 130 (035, 2.00)
300mg 150 (1.09,1.50) 175 (1.00,280)
o mg 1.50 (2.0, 1.50) 150 (075,260
TFALE 220 (0.15) 245 (029
B B (D) &i‘; 132 (0 5.0 ﬁus:;
150mg 2.27 (019 1.8 (091)
2W01g 225 @21 358 129
300wg 258 (0.25) 538 (3:449)
0 mg 370 Qb 548 (255)

227 How does the PK of. yaragﬁpiz’zz and ifs major aclive metabolite, BUS-5/0849 in
12D patients compared fo that in healthly volurnteers?

The PK characteristics of saxagliptin and BMS-510849 were similar in healthy subjects
and type 2 DM patients.

The PK profiles of saxagliptin (2.5, 5, 15, 30 and 50 mg) administered once daily for 14
days in T2DM patients were similar for Days. 1, 7 and 14 and there was no accumulation.
The mean apparent terminal elimination half life appeared to be similar (2.2 —3.3 h) up to
50 mg dose range in T2DM patients. The median Tmax was 1.5-2 h.

22



Table 5: Summary Statistics of saxagliptin Pharmacokinetic Parameters in T2DM
patients following single dose and multiple dose administration

Pharmacolinetic |  BMS-477118 Study Day
Parametar Dose Day 1 (n=6) Day T (n=) Day 14 (n=8)
Tomas (@ZD) 33 ) T 5 @)
Crometric Mean Smg n? as) 23 3n 23 QY
€Y. %) 15 mg i ok 8T 4 ¥ 20
30mg 2 Gy 59 M2
50mg w64y A @ 18" ay
AT EXET] 33 (28) 3 00) 34 (20)
@zlml) S1ag o3 6 (19) 31 (20)
Geoxstric Mean 153 mg 3N a9 373 Ay 385 (2%
€. 56) Dmz S8 G0 682 (4 6% (38)
50 wg 89 (13 T a9 915”19
Al for ALCO-T) 25mg 183 (15) 105 (1D
Grozunic Mean 5mg 100’ ® Ls' &
©¥.%) 15 mg L0 (§ 08 9
;g;‘:f RIS 109 ©
= 097 (3) 1.04 (I)
Tomx (B T3mE 130 05, 200y | 135 (100, 4.00) | 150 (@35, 2.00)
Medion Sms 200 (200,300 | 250 (L50/300) | 200 (1.50,4.00)
(M, Max) 15 mg 200 (075,300 | 200 (150,200 { 175 (100,200
30me 500 (200 40y | 290 (260,300 | 200, (1.00,3.90)
50mg 250 (1.00,3.00) | 150 (1.533.00) | 4592 150,300
THATE ) ISmE 3R | 3t aan EX IR )
;“;-‘ e an? (o1 235 (049) 23537 024
$D. Lmg 246 {0.50) 248 (040 155 (0.35)
;gm% 235 (0.40) 233 (030 136 (035
o 27 @2 | 239 039 | 1m® (gag
LR 5 me ER) R T @
Mean B mg 13 2 ') 2 2 o) 13 3)
(D) 15me n @ n o 2
omg % o PR e
50 mg 18 12 1° 5

Similarly, there was no difference in the PK profiles of BMS-510849 on Days 1, 7, and
14. The molar ratio of metabolite:parent was similar on Days 1, 7, and 14 within each
dose. The apparent terminal half-life was also not changed on Days 7 and 14 as compared
to Day 1. The mean exposure of BMS-510849 was 4-7 fold higher than the parent in
T2DM patients.

228 What are the characteristics of drug absorption?

The absolute bioavailability of saxagliptin was not determined. The AUC and Cmax
increased linearly following single and multiple dose administration in the dose range of
2.5 — 400 mg (see dose-proportionality below). The time to reach Cmax ranged from 1.5 -
4 hours (Study 002) following 5 mg dose given once daily for 14 days in type 2 diabetic
patients. Absorption was slightly delayed in the presence of food (by 30 min, see food
effect).

/n vitro permeability of saxagliptin was determined in Caco-2 cells and the permeability
was found to be 18 nm/sec which was comparable to compounds that exhibited poor
absorption (12%) in humans. In the mass balance study in healthy subjects 74.9% of dose
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(% total radioactivity) was in the urine and the exposure of the main metabolite BMS-
510849 was 3.1 times higher than the parent drug.

229 Fhat are the characlerisfics of drug distribution?

The serum protein binding for saxagliptin and metabolite BMS-510849 was negligible in
all species tested. The concentration of parent and metabolite in the serum protein
binding assay was 100 ng/mL. :

Table 6: Free Fraction (%) of saxagliptin and BMS-510849 in Mouse, Rat, Dog,
Monkey and Human Serum (Mean + SD, n=3)

Monze Rar Dog Monkey Eumnan
BMS-47T118 73.3=21.5 32015 1000 = 30.2 968255 10794342
BMS-510840 | 1097+166 | 1040=84 9782103 £0.4=35 1031%24

2.2.10 Does the muass balance study syggest renal or hepalic as the major route of
elimination? (reviewed by Dr. Zdrojewski)

Saxagliptin is eliminated by both renal and hepatic pathways.

Saxagliptin (23.53%) and BMS-510849 plus other minor monohydroxylated metabolites
(35.74%) account for 59.27% of the administered dose excreted in urine. The remaining
15.6% - account for other minor metabolites. The mean apparent renal clearance of
saxagliptin in this study (234 mL/min) suggests active renal secretion.

A mean of 22.05% of the administered saxagliptin dose was recovered in feces. Intact
saxagliptin accounted for only 0.5% in the feces. The mean recovery of saxagliptin drug
related material in urine and feces combined in the initial 24 h after dosing was 71.4%
and 13.93% respectively. The overall mean radioactivity in subjects was 97.05%
indicating complete recovery (Table 7). )
Table 7: Listing of Individual Pharmacokinetic
Parameters for TRA
Subyect BUR  %FE  BTO7AL
CV181004-1-1 (‘
CV181004-1-2
CV181004-1-3
CV181004-1-4
CV181004-1-5
CV181004-1-6

h(4)

J

Mean 7490 2205 97.05
%UR=total percentage urinary excretion, %FE=total percentage fecal excretion
* values excluded from analysis due to incomplete urine collection for subject 6
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2.2.11 What are the characreristics of drug metabolism?

Saxagliptin is extensively metabolized. It is mainly hydrolyzed by CYP450 3A4/5
enzymes to form BMS-510849.

When saxagliptin was incubated with HLM in the presence of ketoconazole (1 uM), a
direct inhibitor of CYP3A4/5, or troleandomycin (20 pM), a time-dependent inhibitor of
CYP3A4/5, the formation of BMS-510849 was inhibited by >97%. There was no
inhibition with inhibitors of other CYP enzymes indicating that saxagliptin is a substrate
of CYP3A4/5. In the presence of antibodies against other CYP enzymes (anti- 1A2, 2B6,
2C8, 2C19 and 2D6), the formation of BMS-510849 was not affected. -

The proposed pathways for the 27 1/vo biotransformation of [14C]saxagliptin in rat, dog,
monkey and human are illustrated in Figure 17. Overall, the 77 vi&o metabolite profile of
BMS-477118 was qualitatively similar in mouse, rat, dog and human liver microsomes as
well as cDNA-expressed human CYP3A4 and CYP3AS. In all species studied, the major
pathway for the metabolism of saxagliptin was hydroxylation of the adamantyl group to
form metabolite M2 (BMS-510849). Minor pathways for the metabolism of saxagliptin
observed in one or more of the species.

Figure 17:
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2212 Dhat are the characrerisiics of drug excretion?

Based on the mass balance study, saxagliptin is extensively metabolized. Renal
elimination route was the major route of elimination of the metabolite, BMS-510849.
74.9% of the total radioactivity was excreted in urine. The mean elimination half life after
multiple oral administrations in patients was between 2.3 — 3.3 h following 2.5 mg and 5
mg dose. Saxagliptin is almost completely eliminated within 24 h post dose.

2.2.13 Based on PR parameters, what is the degree of linearrty or nonlinearity in the
dose-concentration relationship?

Dose proportionality was estimated using the power model, (Y = o . Dose® where Y, o
and {3 correspond to the PK parameter (AUC or Cmax), proportionality constant and an
exponent, respectively). If the 90% CI for the exponent f contains 1, the relationship
between dose and the PK parameters is considered to be dose proportional.

Dose-proportionality was examined using saxagliptin AUC and Cmax obtained from the
multiple dose ascending studies in healthy volunteers and T2DM npatients. Dose
proportionality was demonstrated on all days (1, 7 and 14). Point estimates and 90%
confidence intervals for the dose-proportionality parameter (slope of the linear
regression) were calculated from the study 010 and are shown below:

-Cmax Day 1: 1.00 [0.84 - 1.17]
-Cmax Day 14: 0.95 [0.755 - 1.14]
-AUCinf Day 1: 1.06 [0.93 — 1.20]
-AUCt Day 14: 1.03 [0.87 — 1.18]

The results slope (90%CI) for Ln Dose Vs. Ln (AUC) or Ln(Cmax) are as follows for
T2DM patients (study 002):

-Cmax Day 1: 0.98 (0.71 - 1.25)

-Cmax Day 14: 0.976 (0.79 - 1.15)

-AUCinf Day 1: 1.14 (0.9 - 1.39)

-AUCO-t Day 14: 1.13 (0.87 — 1.39)
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Figure 18: Saxagliptin AUC0-t and Cmax on Day 14 in healthy volunteers (top) and

T2DM patients (bottom)
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2.2.14 Dhat is the inter- and intra-subyect variability of PK paramelers in volunteers
and parients, and what are the major causes of variability?

Inter-subject variability of <25% was noted in pharmacokinetic parameters of AUC and
Cmax. The population analysis estimated that the apparent clearance of saxagliptin had
an inter-individual variability (%CV) of 7.3%.

Some of the studies that can be used to get an estimate of the inter-subject variability for
AUC and Cmax of saxagliptin are shown in Table 8.

Table 8: Variability estimates (%CYV) for AUC and Cmax of saxagliptin 5 mg dose.

Study Inter-subject variability
(%CY)
Cmax AUCO-t
002 [ T2DM PK 22 20
001 | Healthy PK | 14.2 23.3
026 Healthy 22 22
DDI (10
mg)
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The between subject variability in the molar ratio (metabolite: parent) was relatively
large, ranging from 18 to 47% CV. /z vizo studies suggest CYP3A4/5 is the primary
enzyme involved in BMS-477118 biotransformation to BMS-510849, and the between
subject variability in the molar ratio probably reflects the between subject variability in
CYP3A4/5 activity.

23 Intrinsic Factors

231 Wrat intrinsic jfactors (eg., age, gender, race, weighi heighi disease, genetic
polymorphism, pregrnancy, and organ dysfinction) influence exposure (PK
usually) and/or response, and what is the impact of any djjjerences in exposure on
glficacy or safety resporses?

e Age and gender

The geometric means of Cmax, AUC;,¢ and AUC .1 of saxagliptin were, respectively,
14%, 15% and 16% higher in female subjects than in male subjects. The geometric means
of Cmax, AUC;yy and AUCo.1y of saxagliptin were, respectively, 23%, 59% and 61%
higher-in elderly than in young subjects. The sponsor concluded that the saxagliptin PK
changes with age and gender were not clinically significant (Figure 19 & Table 9).

Figure 19: Saxagliptin AUC (left) and Cmax (right) versus age and gender
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Table 9: Results of statistical analyses on saxagliptin PK paraméters

Pharmacokinetic Geometric Means Female ;Male Ratio of Geometric Means

Parameter Male Female Point Estimate 903 C.I.
Cmax (az'mf) 36 53 114 (.01, 1.28)
Cox (nziml) - Adjusted 36 ) 1.10 ©.98,1.29)
for Cher and body weigh
AUC{NF) (az-kaly 213 248 113 (105, 1.27)
AUCENF) (agkimly- 214 248 1i6 (1.05,12%
Adjuisred for CLer zed
AUC-T) (ngb'ml) 207 241 116 (.05, 1.28)
AUC{0-T) (neh'ml) - 207 42 117 (1.06,1.29)
Adjusred for CLer apd
body weight

Georsetric Means Elderly .‘Yonng Ratio of Geometric Means
Young Elderlv Point Estimate 90¢s C.1

Craax (azml) 53 65 123 {1.69, 1.38)
Crax (nz'ml) - Adjusted 36 53 1.12 (0.00,1.41)
for Cler aud body waight
AUCNF) (azhiml) 183 291 1.59 (1.45,1.79)
AUCENF) (azhmly. 203 262 129 o (08,159 -
Adjusred for CLer 2nd
body svedghs ]
AUC(-T) (aghil) 176 284 16l (.45, 1.77)
AUC{O-T) (rgymL) - 196 255 1.30 (1.08, 1.58)
Adjuszed for CLer and
body weight

The geometric means of Cmax, AUCjyc and AUC(o-1) of BMS-510849 were, respectively,
25%, 24% and 26% higher in female subjects than in male subjects. The geometric means
of AUCine and AUCo.1y of BMS-510849 were, respectively, 35% and 36% higher in
elderly than in young subjects. The geometric mean of Cmax of BMS-510849 was
however 7% lower in elderly than in young subjects (Figure 20 & Table 10).

Figure 20: BMS-510849 AUC (left) and Cmax (right) versus age and gender
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Table 10: Results of statistical analyses on BMS-510849 PK parameters

Pharmacolinetic Geometric Means Female Afale Ratio of Geometric Means

Parameter Mate Female Point Estimate 90 C.1
Cazs (aziml ) 95 19 125 (110,142
Cmas (agmat ) - 97 17 120 (105, 1.37)
Adjuszed for CLer and
tody weighe
AUC[NF) (agival) 538 660 124 (112,138)
AUC{NF) (aghanl) - 533 572 126 (113, 139
Adjusted for CLer aed .
Tody weighr
AUC(0-T) (mgbinl ) 330 65 1.26 (113, 1.40)
AUC(O-T) (g imL) - 518 657 127 (113, 1.41)
Adfued for CLex and
body weight

Geotmetric Means Elderly Young Ratio of Geometric Means
Youne Etderiv Point Estimate 96¢b C.1.
Cmax (agiml) 111 103 093 (0.82, 1.05)
Cmsx (agfml) - 115 160 057 ©.58, 1.1
Adjnszed for CLer sand - .
AUCENF) (azhinid) 515 697 133 (.22, 151
AUCGNF) (azhimly - 520 600 1.00 082, 1.21)
Adjusted for CLor aud
tody weizhs )
AUC(0-T) (aztyml ) 301 579 136 (122,151
AUC(0-T) (eghmL ) - 582 585 191 6.83, 1.23)
Adjusced for CLer and
bods weigl:
Reviewer's Commenis:

e Elderly subjects had higher systemic exposures to saxagliptin (approximately
60%) and BMS-510849 (35%) compared to young subjects. Adjustment for CLcr
and body weight reduced the saxagliptin PK difference between elderly and

oung to 12%, 29% and 30% for Cmax, AUC;,r and AUC.1), respectively. Since
y g . 3 . . - 3 -( ) p y 3
the majority of saxagliptin that is not cleared renally is likely to be metabolized,
the balance of the difference in saxagliptin systemic clearance is probably due to a
decreased metabolic capacity (intrinsic clearance and/or reduced hepatic blood
flow) with increased age. Interestingly, the mean percentage of the saxagliptin
dose recovered as BMS-510849 in the urine was similar between young and
elderly subjects (30 and 29 %, respectively).

» There was interaction between age and sex on saxagliptin exposure as indicated

by 84-87% increase in elderly females as compared to young males. There was
simultaneously about 68-70% increase in BMS-510849 exposure in elderly
female subjects. While, elderly males had about 20%, 72% and 74% increase in
saxagliptin Cmax, AUCj;r and AUC oty respectively as compared to young males
and about 20% increase in AUCs of BMS-510849.
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Figure 21: Saxagliptin exposure based on age and gender
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¢ No dosage adjustments are proposed by the sponsor based on age and gender.
This is acceptable.

¢ Renal Impairment

Renal function affected saxagliptin exposure significantly (Figure 22). Saxagliptin AUC
increased by 15%, 40%, and 110% (2.1 fold) in subjects with mild, moderate, and severe
renal impairment respectively, as compared to that of control subjects. Cmax also
increased by 39%, 7%, and 38% in subjects with mild, moderate, and severe,
respectively, compared to that of normal subjects (Table 11). Compared to subjects with
normal renal function, subjects on hemodialysis (saxagliptin dose administered prior to
the day’s dialysis session) had 15%, 21% and 23% lower geometric mean Cmax, AUCiys
and AUCo.1) values of saxagliptin, respectively.

Figure 22: Saxagliptin AUC in renal impairment compared to normal subjects (left)
and scatter plot of AUC versus CLcr (right)
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Table 11: Saxagliptin PK parameters in renal impairment

Saxagliptin Renal Function Gyoup
Pharmacolinetic - -
Parameter Normal Mitd MModarate Severe Hemodialysis

{n=8) {o=8) (n=8) @=8) {(n=77) (n=38)

Cmax (agiml)

Geo. Mean {CV3%) 54(239) 75 (26) 58¢36) T4(35) T2(38) 48 (35)

AUCAENF)eg*bmlL)

Geo. Mean {CV%} 215 (25) HO (38 303 (35) T GD 434 (£0) 17030

AUC{0-T{ng himl) '

Geo. Mean {CW9%) 208 (24) 140436) 202 35) 437 3M 323 (41) 180 (40

Trnax (k)

Madisn 0.63 .88 1.50 1.00 1.00 0.88

(Min, (.50, (025, {0.50, {0.50, 6.50, 030,

May) 1.38) 1.50) 3.00) 1.50) 1.00% 3.00)

T-half (o)

Mam (SD) 309(0.83) 335062 2.02(1.23) 4320106 441(1L19 3.39(0.21)

CLT.F (mlmin) '

Aam (SD) 796 (191)  TOS(230)  372(165) 309 (163) 414 (17H) 1039 (358)

2aUR or 2:DR (95)

Mam (SD) 20 @) 20(6) 12(9) T ) ET1Y)

CLR {ml /yuin)

Mam (SD) 153 (23 13139 61(28) 6(8) 25(9) Not appiicable

CLD (mal‘mix) Not Net Wot Not Not

Mem (SD) spplicabie  applicable  applicable  opplicable  applicabla 91 {35)

Nota: $Subject C1/181019-1-26 was receiving rifedipina (CYPIAS inkibitor} and heute excluded from the
analysis. Since saxagliptin is 2 CYP3.A4 subsmate, uifedipine may have akered the PK of saxaghiptin aad

the formarion of RMS-510840,

33UR: Percent wrinazy recovery for subjects not or dialysis; 34DR: Percent disfysare Tecovery for subjects

ox dalysis

Metabolite BMS0510849 exposure also significantly increased with renal impairment
(Figure 23). Compared to subjects with normal. renal function, subjects with mild,
moderate, severe renal function and ESRD had 40%, 47%, 46%, and 36% , respectively,
higher geometric mean Cmax values of BMS-510849 and 67%, 191% (2.9 -fold), 347%
(4.5-fold), and 306% (4.1-fold), respectively, higher geometric mean AUCo.1) values of

BMS-510849 (Table 12).

Flgure 23: BMS-510849 AUC in renal impairment compared to normal subjects

(left) and scatter plot of AUC versus CLcr (right)
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Table 12_: BMS-510849 PK parameters in renal impairment

BMS-510849 Renal Function Group
Phg::::::;eﬁc Normal Alild Moderate Severs Hem;dial_ts
(0=8) {(n=8) @8) @®=8)  @=7%) (n=8)
Cmax (az'ml) ’
Geo. Meap (C1V%) 92{32) 12929 135(35) 134 (31) 131 34) 12536%
AUC(ONF)(eg*hml)
Geo. Mean (CV%) 569 (18) 930(30)  1660(50) 2541(25) 2574 Q6)  2350(30)
AUC{0-TH{ng bml)
Geo. Mean (C\0%) 355 (13) 920 (30)  ISIT{(5Yy  2470(25)  2508(2D 2257 (30)
Trex (B)
Median 1.25 173 4.00 5.00 300 2.63
(Min, .92, (1.0, {2.00, ki) (2.00, (2.0,
Max) 2.00) 2.00) .28) 8.00) 2.¢0) 4.00}
T-balf (a)
Meaa (SD) 3.85(0.58y 533(27D). S33Q4HN S50 (143)  9.88{L2I%Y 12.51(1.3%)
%UR o7 9:DR (%)
Mam (SD) 27D @ 25 {6y 20{3 19{5 9
CLR (L rxiny
Maaa (SD) 611 5210 28(13) 13{5) 12(3) Not
applicable
LD gulimi Not Not Kot Not Nat
Mm((smmm ) applicable  applicable  applicable  spplicable  applicable 88 (21)

Nor: *Subject CV181019-1-28 wes on pifedipine (CYP3a4 inhibitor) and hence exchided from the
azalysis. Sivce sasagliptin is 2 CYP3IA4 subsmate, nifedipins may bave aleved e PK of saxaghiptin and
tas formation of 3MS-310848.
2UR: Parcant trinary necovayy for subjects oot on dialysis; 3aDR: Percent dialysare racovery for subjects

on &alyvsis.

Reviewer's Commenls:

e The sponsor has proposed 2.5 mg for moderate, severe and ESRD patients and no

dosage adjustments are being proposed for mild renal impairment.

Although the parent exposure increase in mild impairment was not significantly
different that normal subjects, the metabolite exposure increased by 70%. The
molar ratio also increased with renal impairment (Table 13). Considering the pre-
clinical studies where wide safety margin for saxagliptin (~ 50-fold) was
observed, no dosage adjustment proposed for mild renal impairment appears to be

reasonable.

__Table 13: Saxagliptin and metabolite change in renal impairment

Metabolite Parent AUC Molar ratio
BMS-510849 | ratio compared | (AUC
AUC ratio to healthy Metabolite/AUC
compared to Parent) x
healthy (455.55/487.55)

Healthy _ _ 2.44

Mild 1.71 1.18 3.51

Moderate 3.18 1.44 5.40

Severe 4.52 2,15 5.11

ESRD 4.18 0.81 12.56
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¢ Hepatic impairment

For the mild hepatic function group, the geometric means for saxagliptin Cmax, AUCiy¢

and AUCq.1y for impaired subjects were 8%, 10% and 10% higher, respectively,

compared to matching healthy subjects. Saxagliptin Cmax, AUCiy and AUCpr)

geometric means were 2%, 38% and 38% higher, respectively, for moderately impaired

subjects compared to matching healthy subjects. For subjects with severe hepatic

impairment, compared to matching healthy subjects, geometric mean Cmax was 6% -
lower and geometric mean AUC;yrand AUC(o.1) was 77% and 72% higher, respectively

(Figure 24 & Table 14).

Figurev24: Saxagliptin exposure in different stages of hepatic impairment compared
to matched controls
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Table 14: Results of Statistical Analyses of Saxagliptin Cmax, AUC(INF) and
AUC(O-T)
v e
Geometric Ratio of Geowmetric Means
Hepatic ] Maeans
Function | Pharmacolinetic Subject Point 9020
Group Vosiable | Swras | Meao Rafio - Estimate | Copfidence
Comas Topared | 60 | o s - n
. e o Besthy | 1077 | (0.763, 1.519)
a AUCUNE)  IInpaired | 26 | ppovegnseany | 1097 | (625, 1453

oD p'vnl) [ Eeamy [ 107 9
AU fLopaind] 20 by edseity | 1097 | (0.851, 1448

@ptanl) Fmiky | 192
Cmax Impairad | 77 =
;s — Impaired Healthy 016 720, 1.432
Gral)  Pmmy ] v | L6 | (07014
B AUCINF)  |Twpaired | 286 | , .

Healthy 1.383 (1044, 1.830)

(Moderate) (oz*a'ml) Tasthy | 207
ACC(O-T) | Impeirad | 278
(az*h'ml) Bty | 201
Craas  lepsirad | 50 [ o
(nfm]-) Healthy | 53 .
AUC(OT)  { Impaired | 310
i T T

Impairedesithy | 1381 | (1.046,1223)

Vehy | 0841 | (0.667, 158)

lopairedFestby | 1718 | (1.301,2268)
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For BMS-510849, in general, all the PK parameters for hepatic impaired subjects were
decreased compared to healthy subjects, in all the hepatic function groups (Table 15).

Table 15: Summary statistics for BMS-510849 PK parameters by hepatic function
group and subject status

BMS-510849 Pharmacoldnetic Parameters
Crnax AUCANF) | AvC@-D Tmax T-Half
}'Hn:]:uﬁ‘z: Subject ) (gfal) {ug*h/mL) ‘"fh"ml‘) (h} o
Group Statas Geom..AAIe:\n Geom._Mnn Geom.'llle:m lgedmn Mean
(CV99) (CYV2d) (CVtoy (Min, Max) D)
Tipaired 347 i 473 458 150 352
C A | =8 D (29) ) {100, 3.00) 057
(Mild) Healthy 103.4 602 578 150 417
{o= & 29 (11 (1’..’_2 {1.59. 3.00) {1.34)
Tmpaired 931 500 483 133 T 403
B (n=g 31 (31 {43) 1.09,2.00) (1.13)
(Medarana) | Healthy 116 540 522 1.00 353
] ([o=5 (23 20 IO )] £1.00.2.30) 090
) Impaired =383 EXE 310 C2250 5.7
C {2=6) 23 69 oy {120 3.000 {2.58)
(Severe) Haalthy 862 500 484 130 353
{a=6 33 (28) 28 (oo, ) o4

Leviewer’s commernss

e Saxagliptin is predominantly metabolized in the liver by CYP3A and the exposure
is expected to increase in hepatic impairment.

e Compared to matched healthy subjects, there was a trend towards higher exposure
for saxagliptin and lower exposure for BMS-510849 with increasing severity of
hepatic impairment, indicating a reduced capacity to metabolize saxagliptin as
hepatic function declines.

There was no correlation with smoking status.
Sponsor’s conclusions regarding no dosage adjustments based on hepatic function
is acceptable.

e Race

In the population pharmacokinetic analysis, saxagliptin clearance was plotted against the
change in clearance from the population mean. Figure 25, left panel indicates for
saxagliptin that clearance is unchanged across different races. While, right Panel
indicates that the metabolite clearance for some of these different race groups is increased
(Asian or American Indian/Alaskan Natives) or decreased (Hispanic/Latino) clearance.
However, these changes are insufficient to recommend a labeling adjustment, particularly
since they occur on the clearance of the active metabolite which is half as potent as
saxagliptin.
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Figure 25: Effect of race on the pharmacokinetics of saxagliptin (left) and BMS-

510849 (right)
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232  What pharmacogenetics information is there in the application and is it imporiant
or not?

Pharmacogenetics/pharmacogenomic information is not available in this submission.
However, the sponsor has collected blood samples in most of the Clinical Pharmacology
studies. in order to conduct exploratory pharmacogenomic analyses if needed in the
future. ‘

233 What pregrancy and lactation use information is there in the application?

Saxagliptin was not administered to pregnant and lactating women in clinical studies and
is not recommended in pregnant women. Preclinical data addressing the teratogenic
potential indicates that saxagliptin is not teratogenic in animals. Please refer to
pharmacology/toxicology review by Dr. Fred Alavi for detailed assessment of preclinical
teratogenic effects of saxagliptin. It is not known if saxagliptin is excreted in human milk
and is not indicated to be given to nursing mothers.

234  Prat pediatric use information is there in the application?

The sponsor’s pediatric plan was presented to the PeRC on March 11, 2009. The sponsor
has stated in the pediatric plan that simulations of saxagliptin and BMS-510849
exposures over a 30- to 90-kg weight range following a 5-mg oral dose of saxagliptin
indicated that body masses 250 kg did not markedly affect the systemic exposure to
saxagliptin and BMS-510849. Sponsor is predicting that the systemic exposure of
saxagliptin and BMS-510849 will be similar between pediatric patients with body weight
greater than or equal to 50 kg and adults following an oral 5-mg dose of saxagliptin.
According to the sponsor, systemic exposure to saxagliptin and BMS-510849 is predicted
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to be higher in pediatric patients with body weight of 30 kg to <50 kg than in adults
following an oral 5-mg dose of saxagliptin. Therefore, a body weight-based dosage
regimen is proposed: pediatric patients with body weight 250 kg will receive the usual
adult 5-mg oral QD dose of saxagliptin, and pediatric patients with body weight 30 kg to
<50 kg will receive a 2.5-mg oral QD dose of saxagliptin. The proposed pediatric study
will exclude patients with body weight less than 30 kg.

The sponsor is proposing to investigate the safety, tolerability and efficacy of saxagliptin
monotherapy versus placebo, and provide a reference comparison to the safety,
tolerability and efficacy of metformin, for the treatment of type 2 diabetes in pediatric
patients aged 10 to < 18 years. Saxagliptin therapy is being planned to be administered by
body weight category. In addition to the main study mentioned above, a non-randomized,
open-label, combination treatment arm will be included in which saxagliptin will be
assigned by body weight as add on combination for metformin to patients who are
previously on metformin therapy or with a HbAlc of 8.5% or higher. The
pharmacokinetic sub-study will be implemented at the beginning of the 2-week run-in
period, prior to randomization and treatment in the double blind main study arms, and
prior to active treatment in the open-label, non-randomized study arm. The
pharmacokinetics of saxagliptin will be evaluated based on a sub-study in which a single
dose of 2.5 mg or 5 mg saxagliptin will be administered to patients in each of the 2
weight categories. A minimum of 12 total patients (6 from each of 2 weight categories)
and a maximum of 24 patients (12 from each of 2 weight categories) who have consented
to participate in the pharmacokinetic portion of the study are being planned be enrolled.

PeRC agreed with the overall approach but recommended that the sponsor incorporate
dose-finding in pediatric patients

2.4  Extrinsic Factors
241 i the drug a substrate of CYP enzpmes?

Yes. Saxagliptin is a substrate of CYP enzymes. The major metabolite of saxagliptin in
all species and was identified as BMS-510849, a mono-hydroxylated derivative of BMS-
477118. CYP3A4 and CYP3AS5 were the major human CYP isoforms involved in the
metabolism of BMS-477118. When saxagliptin was incubated with HLM in the presence
of ketoconazole (1 pM), a inhibitor of CYP3A4/5, or troleandomycin (20 pM), a time-
dependent inhibitor of CYP3A4/5, the formation of BMS-510849 was inhibited by
>97%. There was no inhibition with inhibitors of other CYP enzymes indicating that
saxagliptin is a substrate of CYP3A4/5. Other enzymes involved to a very minor extent
include CYP1A2, 2C19 and 2D6.
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242 U5 the drug an inkibitor and/or an inducer of CYP enzymes?

Iniibron. Incubation of saxagliptin (0.1 to 50 pM) and BMS-510849 (< 200 uM) in
human hepatic microsomal suspensions resulted in no concentration dependent inhibition
of CYP1A2, CYP2A6, CYP2B6, CYP2C8, CYP2C9, CYP2C19, CYP2D6, CYP2E]L, or
CYP3A4. Additionally, there was no time-dependent (mechanism based) inhibition of
any of the CYP enzymes.

Induction. At the concentrations tested (0.2-25 pM), exposure of human hepatocytes to
saxagliptin does not appear to be associated with significant induction of cytochrome
P450 1A2, 2B6 or 3A4 mRNA expression or enzyme activity 77 wiro. Consistent
conclusion cannot be drawn with regard to induction of CYP2C9, since there was
increase in mRNA levels but was not correlated with corresponding increase in CYP2C9
activity in all 3 hepatocyte preparations from 3 donors. Similar results were obtained with
BMS-510849. Of the 3 hepatocyte preparations, preparation from one donor, (Hu211)
showed induction of CYP2C9 mRNA in response to both saxagliptin and BMS-510849.

243 Is the drug a substrate andlor an mmhibitor/inducer of P-glycoprotein transport
processes?

Saxagliptin appears to be a substrate of P-glycoprotein. Saxagliptin was subject to efflux
with polarization ratios in 22L1 (P-glycoprotein expressing) cells approximately 3-fold
higher than in CLD (control) cells as compared to efflux ratio of over 9-fold with
digoxin. On the other hand, BMS-510849 does not appear to be a substrate of P-
glycoprotein, the polarization ratio was only 0.8-1.1 when compared to control cells. P-
glycoprotein photoaffinity study indicated that saxagliptin bound to P-glycoprotein only
at high concentration tested (50 pM). Saxagliptin’s ability to inhibit P-glycoprotein as
well as the effect of P-glycoprotein inhibitor on saxagliptin transport was not investigated
2 viro. However, based on 27 vivo DDI study with digoxin, saxagliptin does not appear
to inhibit or induce P-glycoprotein. Additionally, the sponsor has addressed the effect of
P-glycoprotein inhibition using diltiazem, which is a P-glycoprotein inhibitor as well as
moderate CYP3A4 inhibitor (see 2.4.5).

2.4.4  Are there other metabolic/transporter pathways that may be important?

The renal clearance of saxagliptin in humans is determined to be approximately 230
mL/min (approximately twice that of the glomerular filtration rate of 120 mL/min. These
values indicate that saxagliptin excretion via the renal route is a combination of passive
glomerular filtration and active tubular secretion.

The transport of saxagliptin and BMS-510849 was examined z» vizo employing

transfected cells (HEK-293 or MDCK) and Aezgpus /aevis oocytes expressing one of the
following human uptake transporters, 1z OATP1B1 (OATP-C), OATP1B3 (OATPS),
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OCT1, OCT2, OATI1, OAT3, PEPT1, and PEPT?2. The results show that both saxagliptin
and its active metabolite (BMS-510849) are not substrates of these transporters 77 rizo.

Thus, although saxagliptin was not a substrate for any of these transporters, there is a
possibility of involvement of as yet unknown transporters in the kidney.

245 Wrat are the drug-drug interactions?

Drug interaction was evaluated as follows and the results are summarized in Table 16, 17
and 18:
® DDI between saxagliptin and other drugs: glyburide, pioglitazone, metformin,
digoxin and simvastatin.
e Effect of other drugs on saxagliptin exposure: maalox Max, famotidine, and
omeprazole
® The effect of metabolic modulators on saxagliptin exposure: ketoconazole,
diltiazem and rifampin

Saxagliptin caused about 16% and 14% increase in the Cmax of glyburide and
pioglitazone respectively and about 12% decrease in the simvastatin Cmax. There was
16% increase in the simvastatin acid AUC in presence of saxagliptin (Table 16). In
addition, there was a statistical decrease in Cmax of saxagliptin presence of Maalox max
(26% }) and metformin (21% |) (Table 17). The 90% CI for these fell outside of the 80-
125% limit for Cmax in presence of these drugs with no impact on the AUC of
saxagliptin. These changes are not likely to be clinically significant. As shown in Table
18, the most significant changes in the saxagliptin exposure occurred in presence of
metabolic modulators.

Table 16: Effect of saxagliptin on other drugs

Saxagliptin Regimen Substrate GMR (90% CI)

AUC Cmax

Saxagliptin 10 mg

Glyburide Smg (2C9)

1,06 (1.00—1.13)

1.16 (1.06 — 1.28)

Saxagliptin 100 mg

Metformin 1000 mg (OCT
1&2)

1.20(1.17-1.24)

1.09 (1.01 - 1.19)

Saxagliptin 10 mg QD
(Days 1-3) and then (Days
9-13)

Pioglitazone 45 mg (Days
4-13)

1.08(0.99—1.17)

1.14 (1.03 - 1.27)

Saxagliptin 10 mg QD
(Days 1-4) and (Days 9-12)

Simvastatin 40 mg (3A4)
(Days 5-12)

1.04 (0.94 - 1.15)

0.88 (0.74 — 1.06)

Simvastatin acid

1.16 (1.04 - 1.29)

1.00 (0.89 - 1.13)

Saxagliptin 10 mg
(Day 1-7)

Digoxin: (P-glycoprotein)
(Day 1,0.25 mg q6h; Day
2, 0.25 mg q 12h; Days 3-7
0.25 mg QD)

1.06 (1.02 - 1.11)

1.09 (1.00 - 1.19)

Bolded values indicate out of BE criteria.
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Table 17: Effect of other drugs on saxagliptin

Drug Effect on saxagliptin & GMR (90% C1)
BMS-510849 AUC Cmax
Glyburide 5 mg Saxagliptin 10 mg 0.98(0.95-1.01) 11.08(1.02-1.19)

Maalox max 30 mL prior
to saxagliptin

Saxagliptin 10 mg

0.95 (0.91 — 0.99)

0.74 (0.65 — 0.84)

Famotidine 40 mg (OCT Saxagliptin 10 mg 1.02 (0.98 - 1.07) | 1.13 (0.99-1.29)
inhibitor) given 3 h prior to

saxagliptin »

Omeprazole 40 mg (P- Saxagliptin 10 mg 1.12(1.08-1.17) | 0.97 (0.85-1.11)

glycoprotein substrate) QD
(Days 1-4) prior to
saxagliptin

Metformin 1000 mg

Saxagliptin 100 mg

0.98 (0.92 — 1.04)

0.79 (0.71 — 0.87)

BMS-510849 0.99 (0.95 — 1.02) | 0.88 (0.82 — 0.94)
Pioglitazone 45 mg (Days | Saxagliptin10 mg QD 1.11 (1.06-1.16) | 1.11 (1.03 - 1.20)
4-13) (Days 1-3) and then (Days

9-13)
Simvastatin 40 mg (Days Saxagliptin 10 mg QD 1.12(1.09-1.15) | 1.21 (1.11 - 1.31)
5-12) (Days 1-4) and (Days 9-12)

BMS-510849

1.02 (0.99 — 1.05)

1.08 (1.02 - 1.14)

Digoxin (Day 1,0.25 mg
q6h; Day 2, 0.25 mg q 12h;
Days 3-7 0.25 mg QD)

Saxagliptin 10 mg
{Day 1-7) -

1.05(0.99— 1.11)

0.99 (0.87-1.12)

BMS-510849

1.06 (1.01 -1.12)

1.02 (0.91 - 1.14)

Bolded values indicate out of BE criteria.

Table 18: Effect of metabolic modulators on saxagliptin

Inhibitor/Inducer Substrate _GMR (96% CI)
AUC Cmax
Ketoconazole 200 mg q12 | Saxagliptin 100 mg 2.48 (2.33 —2.65) | 1.62 (1.47 — 1.80)
h for 6 days (3A4) BMS-510849 0.09 (0.07 - 0.11) | 0.05 (0.05 - 0.06)
, Ketoconazole 0.87 (0.79 - 0.95) | 0.84 (0.77 —0.92)

Ketoconazole 200 mg q12 | Saxagliptin 20 mg 3.79 (3.39 - 4.24) | 2.44 (2.03-2.93)
h for 6 days (315?4)
Diltiazem (3A4) 360 mg Saxagliptin 10 mg (Day 1 | 2.13 (1.99 —2.28) | 1.63 (1.40 — 1.89)
(Days 2-9) : and Day 9)

BMS-510849 0.64 (0.59 - 0.69) | 0.56 (0.49 — 0.64)

Diltiazem 1.10 (0.97 - 1.25) | 1.16 (0.98 - 1.36)
Rifampin 600 mg QD Saxagliptin 5 mg QD 0.20 (0.17 - 0.25) | 0.47 (0.38 — 0.57)
(Days 2-7) (Days 1, and-7)

BMS-510849

1.04 (0.98 -1.11)

1.39 (1.23 — 1.56)

Bolded values indicate out of BE criteria.
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Leviewer's comuments:

® DDI with strong CYP3A4/5 inhibitors: The proposed clinical dose for saxagliptin
is 5 mg. The sponsor used a very high dose (100 mg) of the substrate (saxagliptin)
in the DDI study. There was about 2.5 fold increase in AUC in presence of
ketoconazole. 14 of 15 subjects experienced a decline in lymphocyte count on
Day 10 following co-administration saxagliptin and ketoconazole. This was also
accompanied with pyrexia and chills. In order to characterize this adverse event,
another PD study was conducted and the effect of co-administration was
determined. In this case, the sponsor used 20 mg saxagliptin with ketoconazole
and there was a 3.8 fold increase in AUC. In presence of diltiazem (moderate
inhibitor) there was a 2.1 fold increase in AUC of saxagliptin (10 mg). Since the
sponsor did not use the lowest possible dose of the substrate in the ketoconazole
DDI study, the extent of increase in exposure of saxagliptin in unknown. In
addition, considering the increase in exposure of saxagliptin and the adverse
events that resulted in presence of ketoconazole, it is recommended to reduce the

. dose to 2.5 mg when patients will be prescribed strong CYP3A4/5 inhibitors.

o DD/ with CYP3IA4S inducers.: There was significant induction of CYP3A4/5 with
80% decrease in saxagliptin exposure. Although this was not associated with
corresponding increase in metabolite exposure, there was about 40% increase in
BMS-510849 Cmax. Induction also resulted in a decrease in saxagliptin half life
from 3.02 to 1.7 h. This metabolic induction is also evident in a 5-fold increase in
the metabolite-to-parent AUC ratio. The mean DPP4 inhibition for the trough
sample (24 h post dose with saxagliptin) was around 13% lower when saxagliptin
was co-administered with rifampin relative to saxagliptin alone. The sponsor
evaluated the total active moiety exposure with and without rifampin and
determined that there was about 25% decrease in the total active moiety exposure
in presence of rifampin. The clinical significance of these changes is unknown.
However, no dosage adjustment is needed when co-administered with strong
inducers of CYP3A4/5.

Sponsor did not conduct DDI study with warfarin.
Sponsor has been requested to submit the report of DDI study with oral
contraceptives once the study is completed.

246 Are there any otkher questions related to melabolism, active metabolites, metabolic
arug inleractions or protein binding?

Saxagliptin is a chiral molecule with four stereogenic centers (.5.5.5 .5 configuration), two
being fixed in relative stereochemistry as part of the cyclopropane ring. Therefore, eight
diastereomeric structures are theoretically possible. The sponsor did not address the chiral
inversion and this was communicated in the filing letter. The sponsor responded to
Agency’s request and reanalyzed the samples from ADME study. The human plasma and
urine samples from human ADME study were then re-examined for the presence of
radioactivity or MS signal at the retention times corresponding to the authentic standards.
There was no evidence for any signal, thus it was concluded that these components were
not present in these human samples. To further investigate the potential for formation of
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diastereomers of saxagliptin (BMS-573659 and BMS-644448) under biological
conditions were examined with the validated LC-MS assay used for saxagliptin
quantitation in conjunction with late stage clinical trials. As above, the mass spectral
chromatograms of the clinical study samples were examined for the presence of a peak
corresponding to the standards, but no signals were detected at the retention times of
BMS-573659 and BMS-6444483. '

Figure 26: Structure of saxagliptin and diastereomers
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2.5  General Biopharmaceutics

25.1  Based on BCS principles, in what class is this drug and jormulation? What
Solubilzpy, permeability and dissolution date support s classification?

Saxagliptin can be considered as BCS class 3 drug (high solubility, low permeability).

Solubilzty: The aqueous solubility of saxagliptin is pH dependent (24 + 3 °C), increasing
from 103.5 mg/mL at pH 0.7, to 149.2 mg/mL at pH 5.9, then decreasing to 46.9 mg/mL
at pH 6.94 and 17.8 mg/mL at pH 8.5. Since the solubility in all pHs is greater than 0.02
mg/mL (highest tablet strength, 5 mg in 250 mL), saxagliptin can be considered /g4
solublebased on the BCS guidance.

LPermeabrliyy. Saxagliptin was poorly permeable in the Caco-2 transcellular permeability
assay (permeability coefficient (Pc) values of 18 to 20 nm/sec) and in the Parallel
Artificial Membrane Permeability Assay (PAMPA) intrinsic permeability assay (mean
Pc: 4 to 59 nm/sec). In these assays, saxagliptin flux was comparable to control
compounds that exhibit poor absorption in humans. In ADME mass balance study, the
total radioactivity recovered in urine was ~75%. There was about 22% of the
radioactivity recovered in feces which was mainly due to oxidative metabolites. This
indicates that saxagliptin is extensively metabolized, however the GI stability as well as
the discrepancy between zz o and /7 wire data needs to be addressed in order to
characterize as Zighly permeable drug.

Lissotusion: Please refer to ONDQA review for details.
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252 What is the relative bloavailability of the proposed to-be-marketed formulation to
the pivoral clinical trial?.

The clinical tablet formulations used in the Phase 3 program differ from the proposed
commercial tablet formulations in color and imprinting. At the pre-NDA meeting, the
sponsor stated that the Phase 3 formulation and the to-be-marketed formulation were
equivalent by SUPAC Guidelines. The Division agreed with the sponsor regarding this
issue (meeting minutes, dated 12/14/07). Therefore, there are no pivotal bioequivalence
or dose strength equivalence studies in the saxagliptin development program.

For the initial clinical studies drug substance in
' s was employed in the clinical development program. Subsequently,

N

-

drug substance, as the { ) monohydrate (designated as C ), was
selected for further development. The approach selected for the tablets involves >
e

—

Relative bioavailability of the tablet formulation was compared to that of the capsule
formulation (Study 037, reviewed by Dr. Zdrojewski) used in early Phase 1 trials. The 5
mg tablet formulation met the bioequivalence criteria for the AUCinf and AUCO0-t when
compared to the 5 mg capsule. The 90% confidence interval for Cmax was outside of the
prespecified interval of 80-125%. The Cmax resulting from the tablet was ~10% higher
as compared to that from capsule formulation.

253 Whatis the effect of food on the bioavailability (B4) of the drug fiom the dosage
Jorm? What dosing recommendation should be made, i any, regarding
-@aministration of the product in relation to meals or meal ppes?

The results suggest that there was an effect of a high-fat meal on saxagliptin AUC,,,
(Figure 27). When administered with a high-fat meal, saxagliptin AUC,,; increased by
27%. Although Cmax increased by 7.7% in presence of food, the 90% confidence
intervals for ratios of Cmax geometric means fell within the equivalence interval of 80%
to 125% (Table 19). The Tmax was also delayed in presence of food (median Tmax of
0.99 h with meal as compared to 0.53 h).
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Figure 27: Mean (+ SD) plasma concentration-time profiles for saxagliptin following
administration of single oral 10 mg dose of saxagliptin to healthy subjects in the
fasted state and after a high-fat meal (n=14)
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Table 19: Summary statistics for saxagliptin pharmacokinetic pa_rametérs

Pharmacolinetic Adjusted Geometric Means B ué. Rnﬁg:fi-\!djns’ud
Parameter ometric Means
A B Point 9020 CI
Estimate
Cmax (ng'ml) 46.40 40.97 1.977 {0.830, 1.246)
AUCQNT) (ogobiml) 150.1 19069 . 1270 (1188,135%)

A = 10 mg saxagliptin in fasted conditions
B = 10 mg saxagliptin following a high-fat meal

On the other hand, there was no change in the. exposure of BMS-510849 when
saxagliptin was administered with food, however the Cmax decreased by 18%.

Leviewer's Comments:

e This study was conducted with the highest dose (10 mg) that was used in Phase 3
program. '

e The formulation used was al 2 tablet which is almost identical to the
anticipated marketed formulation. This was discussed at the Pre-NDA meeting hm)
with the Agency and it was agreed that the final to-be-marketed formulation was
not significantly different to that of the formulation used in the definitive food
effect study.

e Sponsor is proposing that saxagliptin can be administered either in fasted or fed
state. Although there was about 27% increase in saxagliptin exposure with meal,
this is not clinically significant. The Tmax was also delayed in presence of food
(median Tmax of 0.99 h with meal as compared to 0.53 h). The sponsor’s dosing
administration approach is acceptable.

¢ Biowaiver request: The sponsor is requesting biowaiver for conducting
additional clinical food effect studies with the proposed to-be-marketed 2.5 mg
and 5 mg tablets and to apply the findings from the 10 mg food effect study to
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these lower strength tablets. No separate clinical study is required to characterize
the effect of food on the lower strength formulations based on:
o Similarity of composition of 2.5 mg, 5 mg and 10 mg tablets.
o Linearity in saxagliptin PK in this dose range. ” .
o Saxagliptin can be considered as highly soluble based on the 5 mg tablet
strength (and also 10 mg tablet strength).
o Dissolution profiles of all 3 strengths is rapid and similar in 3 pH (0.IN
HCl, 4.5 and 6.8)
o Therefore, biowaiver can be granted.

2.6  Analytical Section (reviewed by Dr. Zdrojewski)
2.6.1  What loanalytical methods are used fo assess concentrations?

The active moieties (saxagliptin and BMS-510849) were measured in human ksEDTA
plasma using liquid chromatography/tandem mass spectrometry, after online extraction
and turboionspray ionization.

The extraction method was later changed to an offline extraction and the chromatography
was enhanced to detect other mono-hydroxylated metabolites with the same mass spectral
characteristics as BMS-510849. Evaluation of the quantification differences due to the
interference resulted in changes of 8.7 and 5.8% difference in Cyg and AUCq¢
respectively for parameters assessed in plasma and 12.5% for the amount excreted in
urine.

2.62 Which metabolites have been selected for analysis and why?

BMS-510849 was analyzed in clinical studies. BMS-510849 is a mono-hydroxylated
product and the major metabolite of saxagliptin.

263 Forall moseties measured, Is free, bound, or total measured? What is the basis
Jor that decision, ifany, and is it qppropriate?

Total plasma concentration was measured for all moieties.

264 What is the range of the standard curve? How does it relate lo the reguirements
Jor clinical studies? What curve fitting technigues are used?

The ranges for the calibration curve in plasma were 5.00 — 1000 ng/mL and 10-2000
ng/mL for saxagliptin and BMS-510849 respectively. While the ranges for the calibration
curve in urine were 25-5000 ng/mL and 50-10000 ng/mL for saxagliptin and BMS-
510849 respectively. All calibration curves were fitted to a 1/x weighted quadratic
regression model. Clinical study concentrations were within the calibration range. Some
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samples were above ULOQ, but dilution of samples was also evaluated during the
validation.

205 What are the lower and wypper lnils of guantiication (LLOQYULOD)?

The LLOQ in plasma are 5.00 ng/mL and 10.0 ng/mL for saxagliptin and BMS-510849
respectively. The ULOQ in plasma are 1000 ng/mL and 2000 ng/mL for saxagliptin and
BMS-510849 respectively. .

206 What are the accuracy, precision, and seleclivity at these linits?

For both laboratories, accuracy was within +8.8% and +11.8% for determination of
saxagliptin and BMS-510849 in plasma and urine, respectively.

267 What is the sample stability under the conditions used in the stuay (long-term,
Sreeze-thaw, sample-fandling sample lransport antosampler)?

Samples containing saxagliptin and BMS-510849 were stable for 24h at. room
temperature and for 2 weeks at -20°C for short term storage. Freeze thaw stability over
three cycles was shown for both analytes. Processed samples were stable for at least 80 h
at room temperature.

208 Whatis the OC sample plan?

The following QCs were used in both the labs - 15.0, 400, 800, 10000 ng/mL for
saxaglipgtin and 30.0, 800, 1600, 20000 ng/mL for BMS-5108479, (. D used
the LLOQ as QC for both analytes for analysis of drug and metabolite in plasma. For
analysis in urine the following QC’s were used at Bristol-Myers Squibb 75.0, 2000, 4000,
5000 ng/mL for saxagliptin' and '150, 4000, 8000, 10000 ng/mL for BMS-510849.

-y used 25.0, 75.0, 2000, 4000, 25000 ng/mL for saxagliptin and 50.0, 150,
4000, 8000, 50000 ng/mL as QC’s for BMS-510849 quantification in urine.
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4.2  Individual Study Reviews:

DDI studies:

Effect of metabolic modulators (rifampicin, diltiazem and ketoconazole) on saxagliptin
exposure

Effect of other drugs (maalox Max, famotidine, omeprazole)

DDI between saxagliptin on other drugs (glyburide, pioglitazone, metformin, digoxin,
simvastatin)

Clinical Study CV181026: Pharmacokinetic drug interaction study with saxagliptin
and glyburide in healthy subjects (Aug-Oct, 2005)

The main objectives were to determine the effect of glyburide on the pharmacokinetics of
saxagliptin in healthy subjects and to determine the effect of saxagliptin on the PK of
glyburide in healthy subjects.

This was an open-label, randomized, three-period, three-treatment, crossover study
balanced for carryover effects in healthy subjects. Each subject received the following
three treatments following a fast of at least 8 hours according to the randomization
schedule: single oral dose of 10 mg saxagliptin tablet (Treatment A), single oral dose of 5
mg glyburide (Micronase®) tablet (Treatment B) and co-administration of single oral
doses of 10 mg saxagliptin tablet + 5 mg glyburide tablet (Treatment C). The results are
summarized in the following tables.

Summary statistics for saxagliptin PK parameters

Pharmacokinetic
Parameter A C
ESO) {u=30)
Crmaax (nz'ml)
. Gmm;ic Maan (C.X. %) 25¢22) 2808)
AUC(INF) (aghiml) R
Gaomarmic Mean (C.V. 44) 169 (21) 165 (22)
AUC(0-T) (sg bmiL)
; * 0
Geomenic Mean (C.V. %) 150022) 15623
Toex (b)
Medion (Min, Max) 1.50 (0.50, 3.00) 1.50 (050, 2.00)
T-HALF ()
Mean iS.D.) 227 ‘0.552 2.63 50.37)
Pharmacolinetic Adjusted Geometric Means Ratio °"‘“’j'”‘('c“.,.f’;;°“"’“ Méans
Parameter N ¢ Point Estimate  90% C.1
Cmax (2g/mL) 26 ) 108 (1.02, 1249
AUC(T.-_\TF) (az-hil) 162 165 ) 0‘93 (0.83, 1.01)
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Summary statistics for BMS-510849 PK parameters

Treatment
Pharmacokinstic
Parametar A C
{n=30y (n=30)

Caoux (apml) o

Geomexic Mean (C.V. %) 62(19) 8520

'§ AUCENT) (azhiml)

Geomemic Mear (C.V. %) 882y <8821
ATC(0-T) (egbmily

Geomenriz Measn (CV'. 25) 4712 472(21)
Troax &) - .

Madian (Min, Max) 3.00{1.50, 4.00) 5.00 .00, 4.60) -
T-HALF (b)
Mem (SD.) 3.55(047) 5.43(0.52)

Summary statistics for glyburidePK parameters

Treatment

Pharmacokinetic
Paramstar B C
. . (0=30) o (o=30)
Cmax (az'ml) o o
Geomewric Mean (C ¥, 05y 03G9 1200
AUCNF) (aghiml)
Geometric Mean (C.V, %) §8136) 933 (+)
AUCGO-T) (eghinl)
Geomerric Maan (C.V, 25) 847 (38) | 010 (43)
Toax &)
Madian (Min, Mas) 8.00(3.00. 18.00) 8.00 (2.00, 18.00),
THALF () 736(5.57) 4840204
Mean $D) -
Pharmacolinetic " Ceometric Means " Ratia of Czecv:'n;;nr Means
Parameter B c Point Extimate 9094 C.1
Cmax (agml) 103 120 116 {1.06.128)
AUCENF) (ag-hml) 14 933 106 {1.00,1.13)

Cormernis:

¢ Glyburide, a sulfonylurea is widely used as an oral anti-hyperglycemic treatment
for type 2 diabetes mellitus. Saxagliptin is likely to be used in combination with
glyburide. This study assessed the potential for PK interaction between these two
agents.

* A 10 mg dose of saxagliptin is the highest dose that was studied in the Phase 3
clinical program and 5 mg of glyburide is the highest recommended starting dose
in drug naive individuals.
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¢ The terminal half-lives of saxagliptin and glyburide are 2.5 and 10 hours,
respectively. The washout period of at least 5 days between each dose is
acceptable.

o There was no effect of glyburide on the AUCinf and Cmax of saxagliptin. The
pharmacokinetics of BMS-510849 appeared similar when 10 mg saxagliptin was
administered with or without 5 mg glyburide.

¢ Glyburide is considered to be a useful and sensitive probe drug for human
CYP2C9 activity. The results of this study will provide evidence for saxagliptin's
effect or lack of effect on CYP2C9 activity. The geometric means for Cmax and
AUC(INF) of glyburide increased by 16% and 6%, respectively, relative to those
observed following administration of 5 mg glyburide alone. The 90% confidence
interval for the ratios of population geometric means, with and without
saxagliptin, were within the (80%, 125%) no-effect interval for AUC(INF) of
glyburide but not for its Cmax. Hypoglycemia was AE of clinical interest and was
more following co-administration of glyburide and saxagliptin (3 subjects) as -
compared to single glyburide administration (1 subject).

e The half-life values of glyburide when administered alone and co-administered
with saxagliptin were 7.76 and 4.84 hrs, respectively. The larger half-life for
glyburide administered alone was driven by 5 subjects who had half-life values of
greater than 14 hours. However, the portion of the AUC accounted for from the
last quantifiable plasma concentration extrapolated to infinity in these subjects
was less than 10% of the total AUC value.

Clinical Study CV181053: Effect of diltiazem on the single-dose pharmacokinetics of
saxagliptin in healthy subjects (Feb-Sep 2007)

Since hypertension commonly coexists with type 2 diabetes, saxagliptin is anticipated to
be co-administered with diltiazem (Cardizem® LA) in some patients. The main objective
was to assess the effects of diltiazem on the pharmacokinetics of single-dose saxagliptin
in healthy subjects.

This was an open-label, non-randomized, sequential study in healthy subjects. 12
Subjects received all of the following 3 treatments (Table). Two (2) subjects (CV181053-
1-3 and CV181053-1-14) discontinued due to AEs during Treatment B. Saxagliptin was
administered following a fast of at least 10 hours. Subjects were maintained in a fasted
state for 4 h postdose of saxagliptin.

Treatment (Day) Total Daily Dose of Saxagliptin Total Daily Dose of Diltiazem
(Cardizem® LA)
ADwlh Single 10 mz tabler -
B ©ays 2-6) - 360 mg tabler
CDay ) Siazle 10 mz2 rablet 360 me wabler
C (Day 10) - 360 wg tablet




As shown above, a single dose of 10 mg saxagliptin was administered following a fast of

_at least 10 hours (h) on Day 1 (Treatment A). On Days 2 through 8, subjects received
once-daily oral doses of 360 mg diltiazem administered as Cardizem® LA (Treatment B).
On Day 9, subjects received a single oral dose of 10 mg saxagliptin along with the dose
of 360 mg diltiazem (Treatment C). A single dose of 360 mg diltiazem was administered
alone on Day 10 (Treatment C).

When saxagliptin 10 mg was co-administered with diltiazem 360 mg, the geometric mean
for Cmax, AUC(INF) and AUC(0-T) of saxagliptin increased by 63.1%, 109.4% and
113.3%, respectively, relative to those observed following administration of saxagliptin
10 mg alone. The 90% confidence intervals for the ratios of population geometric means,
with and without diltiazem, were all entirely above the (80%, 125%) no-effect interval
described in the Guidance on drug interaction studies.

Table: Summary statistics for saxagliptin PK parameters

Pharmacokinetic Treatmant
Treatment A Treatment €
®=1) @=1)
Couax (zeml) 53 (40) 87 (33)
Geomeic Mean (C\."o)
AUCENF) (pgebml) 158(25) 352030)
Geomemic Maat (CV25)
AUC(O-T) (azebiml) 1522%) 32507
Geomettic Men (CV6) .
Tmax (a) 0.50 (.50, 2.00) .50 (0.25, 1.00)
\{edun (Min, Max)
T-EALF () 238 (0_31) ;JO(O-AS)
) \r!am £ D) . N .

Treatments A= 10 mg saxagllptm admlmstered alone
= 10 mg saxaghptm admmlstered w1th 360 mg dlltxazem LA

Geomerric \Iﬂli ) Ratios of Geomtnc Mnns

Phar Lineti
: @t C/ Trt A)
Parameter T'::':‘l';)' A T’::'f‘,‘;’,' ¢ Point Estimate (903 CT)
Cone (ogl) 53 &7 1.631 (1400, 2.859)
AUCENF) (agekinl) 158 332 2.004 (1,967, 2.229)
AUCO-T) (agebml) 152 ) 325 2.133(1.998,2.278)

Simultaneously, when saxagliptin 10 mg was co-administered with diltiazem 360 mg, the
geometric mean for Cmax, AUC(INF) and AUC(0-T) of the metabolite, BMS-510849
decreased by 43.5%, 34.3% and 35.6%, respectively, relative to those observed following
administration of saxagliptin 10 mg alone. The 90% confidence intervals for the ratios of
population geometric means, with and without dlltlazem were all entirely below the limit
of 80-125%.

Table: Summary statistics for bms-510849 PK parameters

92



Pharmacokinetic Treannezt
Paramster

Treatment A Treammnt C
. {n=12) {a=12)

Cmax (agiml) 11120 63 26)
Geomek Mean (CVT4) '

AUCANF) (ogeamly 538(25) 35329
Gromemic Mean (CV%)

AUCE-T) (pgekiml) $26(23) 33804
Geomamke Mean (CV%)

Tmax () 1.50 (1.0, 2.00} 1.50 (.00, 2.50y
Median Wiz, Max)

T-HALF () 3.04(0.38) 3.30(0.53)

_Meaa (5D)

Cormmenss:

¢ Since diltiazem is a moderate CYP3A4/5 inhibitor, this study evaluated the
potential interaction between saxagliptin and diltiazem at a dose of 360 mg, once-
daily in healthy subjects, a dose higher than the commonly prescribed dose in
clinical practice.

* A DDI was observed in this study due to CYP3A4/5 inhibition. The exposure
increased for the parent drug (~2.1 fold), with an increase in half-life from 2.38 to
33h.

¢ Based upon plasma concentrations of diltiazem for samples collected prior to
diltiazem dose on Days 6, 7 and 8, a steady state level for diltiazem plasma
concentrations had been achieved prior to co-administration of saxagliptin with
diltiazem on Day 9.

¢ Co-administration of saxagliptin did not affect overall diltiazem exposure (ie, the
90% CI for the geometric mean AUC(TAU) ratio was wholly contained within
the 80%-125% no-effect interval). Although Cmax did not meet the criteria, the
observed 16% increase in geometric mean Cmax of diltiazem is not likely to be
clinically meaningful.

Clinical Study CV181035: Effect of maalox niax®, effect of famotidine, or effect of
- omeprazole on the pharmacokinetics of saxagliptin in healthy subjects. (May-Jun
2006)

Maalox Max® (active ingredients: magnesium hydroxide 400 mg/5 mL, aluminum
hydroxide 400 mg/5 mL, and simethocone 40 mg/5 mL) is an over-the-counter antacid
with an acid neutralizing capacity of 38.8 mEq/10 mL. Single doses up to 30 mL are
often administered for acute symptomatic relief. Because of the acute nature of its
mechanism of action, Maalox Max® was administered, immediately prior to saxagliptin
administration.

Famotidine is an over-the-counter antacid that inhibits gastric acid secretion via
competition for Hz2-receptor binding with histamine. Famotidine is typically administered
20 to 40 mg once or twice daily with a maximal pharmacodynamic effect occurring 1-3
hours after dosing. To account for the delay in onset of action, famotidine (40 mg tablet)
was administered 3 hours prior to saxagliptin dosing.
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Omeprazole is an over-the-counter Proton Pump Inhibitor that inhibits gastric acid
secretion by irreversibly binding to and disturbing the function of the proton pump
(H+/K+- ATPase). The dose of 40 mg of omeprazole administered every 24 hours was
selected because it is the highest recommended starting dose and it is highly effective,
producing a 90% decrease in both basal and peak acid output. Omeprazole was
- administered for 4 days prior to saxagliptin administration.

The primary objective was to determine the effect of Maalox Max®, famotidine, and
omeprazole on the single dose PK of 10 mg of saxagliptin. This was an open-label,
randomized, five-treatment, five-period, unbalanced, three-way crossover study in
healthy subjects. The treatments administered were:

e Treatment A: Single dose of 10 mg of saxagliptin on Day 1

e Treatment B: Co-administration of a single dose of 10 mg of saxagliptin + 30 ml
Maalox Max® on Day 1 (Maalox Max® was administered immediately prior to
saxagliptin)

e Treatment C: Single dose of 10 mg of saxagliptin 3 hours after administration of
40 mg famotidine on Day 1 v

e Treatment D: Single dose of 40 mg of omeprazole for 4 days (Days 1-4)

e Treatment E: Co-administration of a single dose of 10 mg of saxagliptin + a’
single dose of 40 mg of omeprazole on Day 1.

Compared to when saxagliptin was administered alone, the Cmax for saxagliptin was
25.9% lower when saxagliptin was co-administered with Maalox Maxe with the 90%
confidence interval for the ratio of the geometric means (0.651, 0.845) falling outside the
80% to 125% limit. However; for AUC (0-T) and AUC(INF) of saxagliptin, the 90% CI
for the ratio of geometric means were contained within the pre-specified 80% to 125%
no-effect limit thus meeting the criteria for concluding absence of effect.

Compared to when saxagliptin was administered alone, the AUC (0-T) and AUC(INF) of
saxagliptin administered 3h after famotidine satisfied the criterion for concluding absence
of effect. The geometric mean Cmax was 13.7% higher when saxagliptin was
administered 3h after famotidine, and the 90% CI for the ratio of geometric means
extended slightly above the pre-specified no-effect limit of 80% to 125%.

Compared to when saxagliptin was administered alone neither Cmax, nor AUC(0-T) or

AUC(INF) were different when saxagliptin was co-administered with omeprazole.
Table: Summary statistics for saxagliptin PK parameters
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Pharmacokinetic Treatmtent

Parameter Iy B P T
(@=1%) (u315) (n=1$) (u*l3)

Cmax (ng'mb)

Geormatric Mesn (CV %5) 35.02428) 3333 34) 5118 (33) 3301 (33)

Toaz ()

Madian (min, max) 0.50 (0.30, 1.60) | 1.00(0.25, 2.50) | 0.50 (0.50, 1.00) | 1.06 (0.50, 2.50)

AUC(O-T) (ogebmL)

Geomenic Mean (CV %) 144,66 (1) 13777 (18) 1386018 | 18238016

AUCANF) (ugebml)

Geomettic Mean (CV %) 13043 (13) 13500017 1531810 16913 (26)

T-HALF (h)

Meaa (SD) 235(0.29) 3.6 (0.97) 242 (0.26) 247 @A)

Results of statistical analyses for effect of Maalox Max, famotidine and omeprazole
on saxagliptin PK parameters
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Adjusted Geometric Means . .
Pharmacokinetic - Gﬁ'm‘l -“fi'}m“fg}_‘)
Parameter Treahment A Treatment B Point Estimate (3033 C)
@=15) {a=1%§)
Crnax (ne'ml) 4502 1338 0.741 (0651, 0.545)
AUC@-T) (uzoh'ml) 144.68 13727 £.932 (0.515. 0.983)
AUC(INE) (ugeb'ml) 15043 12500 0.665 (0.925, 1.005)
Ratios of Adjusted
Treatment A Tr [+ G ic Mean (C/A)
n=15) (@=1¥ Point Estimate (903 C1)
Cmax (wp'ml) 4502 3118 1.137 {0.688, 1.205)
AUC(-T) (mzelv'ml) 14266 148.60 1.027{0.885. 1.071)
AUCANT) (ageb'ml) 150.243 15437 1.015 {(0.984 1.067)
Ratios of Adjosted
Treatment A Ty E G tric Mean (E/1)
=15 =18 Point Estizmate (9034 CT)
Cimax (asiml) 4502 4401 0,677 {0.858. 1.319)
AUC(O-T) (ngeb/ml) 142,66 162.88 1.125 (1.080, 1.379)
AUC(NF) (agsb/ml) 15043 159.:8 1125 (1.080. L.ITL)

The sponsor did not conduct any statistical analysis for the PK parameters of BMS-
510849. The changes in plasma exposures of BMS-510849 in general were similar to that
of saxagliptin when co-administered with these agents as compared to saxagliptin given
alone.

Comments:

¢ The solubility of saxagliptin decreases approximately 7-fold between pH 6 and 8.
iz vitro testing with saxagliptin indicates that solubility increases from 130
mg/mL at pH 2 to a maximum concentration of 150 mg/mL at pH 6, and
decreases to a low of 20 mg/mL at pH 8. This study evaluated the three classes of
compounds that are known to interact with drugs that are sensitive to change in
gastric pH.

e Famotidine is a potent inhibitor of human organic cation transporter protein-3
(hOCT-3) and a moderate inhibitor of hOCT-1 and hOCT-2. On the basis of a
lack of a-substantial PK interaction between saxagliptin and famotidine it appears
unlikely that the PK of saxagliptin is affected by inhibition of hOCT-1, hOCT-2
or hOCT-3.

e Omeprazole has been shown to be a modest substrate for Pgp and an inducer for
multi drug resistance protein-3 (MRP-3). Since no substantial difference in the PK
of saxagliptin or BMS-510849 was observed when saxagliptin was co-
administered with omeprazole neither compound is likely to be an 2z wo
substrate for either Pgp or MRP-3.
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Clinical study CV181017: Drug interaction study of saxagliptin and metformin in
healthy subjects (Aug-Sept 2004)

The primary objectives of this study were to determine the effect of metformin on the
" pharmacokinetics of saxagliptin when co-administered in healthy subjects and vice-versa.
This was an open-label, randomized, three-period, three-treatment, crossover study
balanced for residual effects. 18 Subjects (2 discontinued) were randomized to receive
the following three treatments in one of six treatment sequences:

* Treatment A = Single oral dose of 100 mg saxagliptin
*» Treatment B = Single oral dose of 1000 mg metformin

* Treatment C = Co-administration of single oral doses of 100 mg saxagliptin and 1000
mg metformin.

When 100 mg saxagliptin was co-administered with 1000 mg metformin, the geometric
means for Cmax was decreased by 21% and the 90%CI fell outside of the 80-125%
interval. There was no change in the AUCinf or AUCO0-t with or without metformin. In
case of BMS-510849, although there was a 12% decrease in its Cmax when co-
administered with metformin, the 90% CI was within the pre-specified limits for AUC
and Cmax.

Table: Summary statistics for saxagliptin PK parameters

‘ ' Treatosont
Pharmacolinetic
Parameter A C
{a=l6) {0=16)
Cmax (ag'ml) s
Geomemic Muan (C.V. %) 60l 493 27
AUC(NF) (azb'ml)
Georunic Masn (CV. %) w4EA 198921
"ACCO-T) (ep bl
Geomenic Masm (C.V. %) 2007 (24) 1847 Q1)
Tomax &) 0.75 (8.50, 1.50) 0.75 (050, 3.00)
o Modkion (i ) S R
T-HALF () 2.65€052) 288 (0.50)
Mnm‘SD.)

Treatments: A = 100 mg saxagliptin
C = 100 mg saxagliptin + 1000 mg metformin

ﬁam«o@& . M]us(!d Geommt Mnns | Ratio of.-\dju;t(c&i;bﬁitﬁc Meae:
Parameter A c Point Estimate  90% C.1
[oep— 75 99 079 ©.71,08%
ACCON) gty | 2038 1955 098 ©95,1.09
AUCe-Daghat) | 1987 104 . 058 (003 1.04)
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Table: Summary statistics for BMS-510849 PK parameters

Treatment
Pharmacokinetic
Paramater EY [+
{1216) (u=16)
Cmoax (az'ml)
‘Geomezric Mean (C V. 83) 866 (40) %768
ATCENF) (azhinl) s y
Geometric Masz (C.V. 55) S1E6hH 5066.(33)
ATCOT) hD) : -
Geonatric Mean (C.X. 25) 302233 93233
Tonzx (1) 1.50 (.00, 4.00) 2,00 (100, 460
Madina (Min, Max)
T-HALF (1 5.76.(0.60 428 (0.39)
Mean (5.D.)

Treatments: A = 100 mg saxagliptin
C = 100 mg saxagliptin + 1000 mg metformin

When 100 mg saxagliptin was co-administered with 1000 mg metformin, the geometric
means for Cmax, AUC(INF) and AUC(0-T) of metformin increased by 9%, 20%, and
20%, respectively, relative to those observed following administration of 1000 mg
metformin alone. However, the 90% CI for the ratios of geometric means with and
without saxagliptin were within the 80-125% interval.

Table: Summary statistics for metformin PK parameters

Pharmacokinetic
Paramater B <
(016 (0=16)
Canx (oz'ml) W31 1766 (24)
Gezonmwric Meen (C.V. 25)
AUCENF) (agkiml) 10022 (13) 12014 26)
Geomanric Maau (C.V. %)
AV g lnl) $862(13) . 11383 (16)
Geomaric Maan (C.V- 25)
Tmze () 2.00(1.00, 4.00) 3.00(0.75,4.00)
Madian Qin Max)
T-HALF (i) 7.00(4.34) (3T YERT)
Mem (§.D)

Commenis:

o 100 mg saxagliptin was used in this study.

e Data from 7 wi#o studies that metformin is a substrate for organic cation
transport protein-1 (OCT-1) and -2 (OCT-2) in liver and kidneys, respectively,
Saxagliptin and BMS-510849 did not appear to inhibit OCT-1 and 2 in this study.
Also, /7 vitro, neither saxagliptin nor BMS-510849 is a substrate for OCT1 and
OCT2. '
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Clinical Study CV181005 STUDY: Effect of ketoconazole on the pharmacokinetics
of BMS-477118 in healthy subjects (Jul-Aung 2004)

The primary objective of this study was: To assess the effects of ketoconazole on the
pharmacokinetics of a single oral dose of saxagliptin, in healthy subjects. This was an

open-label, non-randomized, single-sequence study in 16 healthy subjects. The treatments
were administered as follows:

Study | Treatment Total Daily Oral Dose NumnberStrength of Tablets
Day
1 A 100 myg saxagliptin 2 xafmg and 4 x 5 my saxaghiptin
3-8 B 400 e ketoconazole 1% 200 mz ketocorazole g12h
9 c 100 mag saxagliptin 2x 40y and 4 x 5 g saxagiiptin
400 rug ketoconazols and 1 = 200 my ketocorazole ql2k
10-11 D 400 mg ketoconazols 1x 200 g katoconszole gi2h

When a single dose of 100 mg saxagliptin was co-administered with 200 mg
ketoconazole q12h, the geometric means for Cmax, AUC(INF) and AUC(0-T) of
saxagliptin increased by 62%, 145%, and 148%, respectively, relative to those observed
following administration of 100 mg saxagliptin single dose alone. The 90% CI for the
ratios were beyond the 80-125% limit.

Table; Summary statistics for saxagliptin PK .

Saagliptin “Treatmest
Phanmacolinetic A C
Parameter -
(a=15) _ {ox15)
Caae (ag'mal) 346 (26) 837 25)
Gromwmiz Mean (CX. %)
AUCENF) (azbiml) 197234 82307
Geomenic Mean (C.V. 05)
AU(0-T) (egiaal) 1924(25) 4750 Q1)
Geometric Maan (CX, 98)
Tosz ) 1.80 (050, 1.00) 1.00 0.30, 2.50)
Medisa (Min. bax)
THALF () 237(042) 336038
Lo Mew(SD)
Saxastiptin . Ratio of Geomatric Means
Pharaeti e Geometric Meaus ay 9: Day )
Parameter Davl Dar9 Point Estimnte 9080 CI
Comax (az'mi) 536 Y 162 (.47, 1.50)
AUC(INF) (ag-kimly 1972 4823 245 {2.30, 2.60)
AUCO-T) (agbml) 14 4780 248 (.33, 2.69)

Treatment: A =100 mg saxéglipiin singlé dose
Treatment: C = 100 mg saxagliptin single dose + 200 mg ketoconazole q12h
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On the other hand, when a single dose of 100 mg saxagliptin was co-administered with
200 mg ketoconazole q12h, the geometric means for Cmax, AUC(INF) and AUC(0-T) of
BMS-510849 decreased by 95%, 88%, and 91%, respectively, relative to those observed .
following administration of 100 mg saxagliptin single dose alone.

Table: Summary statistics for BMS-510849 PK

Treatment
BAS-510849
Pharmacokinstic A c
Parameter i
{(o=1§) {0=13)
Conass foz/mal ) 099 (24) 53 49)
Geomewic Mean (C.V, %)
AUCENF) (aghvml ) 5381 (19) 627 (33)
G mic Maan (C.V. %)
ALC(O-T) (ezbinl) 5104 (19) 473 (50
Geonetric Maau (C.V. 453
Tane (1) 1.50 (1.00, 2.00) 2,00 (0.75, 4.00)
Madian Qviin, Max) e
THALF @) 368058 633 (2.29)
_ Mew (5D
T BMS-510849 " Geometric Means " Ratio of Ge'o‘i.ne'trié‘ﬁl’e'ané )
Pharmacolinetic (Day 9/Day 1)
Parameter Day1l Day 9 Point Esimate 9099 C.1
Cmax (a3/mE) 999 53 0.05 {0.05,0.08)
| AUCENF) (aohiml) Tas 637 T ea 0.10,0.13)
ACcon@swml) | 58 4 o @D

Treatment: A = 100 mg saxagliptin single dose

Treatment: C = 100 mg saxagliptin single dose + 200 mg ketoconazole q12h
Adverse events: 14of 15 subjects experienced a decline in lymphocyte count on Day 10
following administration of a single dose of 100 mg saxagliptin + 200 mg ketoconazole
q12h (Treatment C). Pyrexia, chills, and decreased lymphocytes appeared after the.
second dose of 100 mg saxagliptin, which was administered 8 days after the first 100 mg
dose of saxagliptin in this study. The second 100 mg dose was co-administered with
ketoconazole doses to steady-state which suggests the combination of saxagliptin and
ketoconazole may be implicated in the appearance of pyrexia, chills and lymphocyte
findings.

Comments:

® 100 mg dose of saxagliptin was used as substrate in this study. A increase in
exposure of saxagliptin was seen (~ 2.5 fold) in presence of ketoconazole.
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e Highest total daily dose of 400 mg ketoconazole was selected to provide
maximum amount of CYP3A inhibition. Twice daily doing regimen was used
(200 mg q12h).

¢ Ketoconazole was in steady-state prior to assessing interaction. Trough plasma
sampling confirmed this. When a single dose of 100 mg saxagliptin was co-
administered with 200 mg ketoconazole q12h, the geometric means for Cmax,
AUC(INF) and AUC(0-T) of ketoconazole decreased by 16% and 13%,
respectively, relative to those observed following administration of 200 mg
ketoconazole q12h alone.

® The sponsor used a very high dose of the substrate (saxagliptin) in this DDI study.
There was about 2.5 fold increase in AUC when 100 mg saxagliptin was used
along with ketoconazole. In other study, the sponsor used 20 mg saxagliptin with
ketoconazole and there was a 3.8 fold increase in AUC. When diltiazem was used
in a DDI study with 10 mg saxagliptin there was a 2.1 fold increase in AUC. The
proposed clinical dose for saxagliptin is 5 mg.

Study# | Year |Saxagliptin | CYP3A AUC-fold | Cmax-fold
Dose Inhibitor change change
. Ketoconazole 25 63% 1
CV181005 12004 | 100 mg (200 mg g 12h)
Ketoconazole 3.8 2.44
CV181022 12004 |20 mg (200 mg g 12h) ,
CV181053 | 2007 |10mg Diltiazem 2.1 63% 1
(360 mg QD)

Clinical Study CV181028: Pharmacokinetic drug interaction study with saxagliptin
and pioglitazone in healthy subjects (Oct 2005)

The primary objectives were to determine the effect of saxagliptin on the PK of
pioglitazone, when co-administered in healthy subjects and to determine the effect of
pioglitazone on the PK of saxagliptin, when co-administered in healthy subjects.

This was an open-label, non-randomized, sequential study in healthy subjects. All study
treatments were administered following a fast of at least 10 hours. All subjects received
the following three treatments:

Treatment A: 10 mg saxagliptin (Deiys 1to03)
Treatment B: 45 mg pioglitazone (Days 4 to 8)
Treatment C: 10 mg saxagliptin + 45 mg pioglitazone (Days 9 to 13)
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Although the geometric mean for both Cmax and AUC(TAU) of saxagliptin increased by
11%, when saxagliptin was co-administered with pioglitazone, the 90% confidence
intervals for the ratios of population geometric means, with and without pioglitazone,
were within the 80% to 125% no-effect interval for both AUC and Cmax.

Summary Statisties for Saxagliptin Pharmacokinetic Parameters Excluding Subject

CV181028-1-24
- w— Troatment
Pharmacoldnetic
Parameter A C
(n=27) {n=2?)
Cmax (ug'mL)
© Geomemic Mean (CV 43) 4524 3129
AUC(TAL) (pg-h/ml)
Gaomaeic Masn (CV %) 176{19) 196 (21)
Tmax (h)
. Madian (Min. Max) 0.59 (0.50, 1.90), 1.00 (0.50. 2.50)

Treatments: A =10 fng saxagliptin
C = 10 mg saxagliptin + 45 mg pioglitazone

Pharmacolinetic Geomerric Means R’““g:g’f‘;r‘f“;“““
Parameter : Y
. Tet A Trc Point Extimate 902 CI
Cmax (og/ml) £ 51 pR 1] (1.03,1.20)
ATCTAQ@ghnly 176 196 Lo aoslig

Summary Statistics for BMS-510849 Pharmacokinetic Parameters Excluding
Subject CV181028-1-24

' “Treatment
Pharmacokinetic
Parameter A <
(n=27) {n=)7)

Cmax {ng‘mL)

Geomatric Mean (CV %) NnIRDH 129 (28)
AUC(TAV) (pg-biml)

Geomaic Mean (CV 02) 38823y 628 (29)
Tmax ¢h)

. Madian Quin Max) 1.50 (1.00, 3.0 1.50 ‘1.09. 3.002

When 10 mg saxagliptin was co-administered with 45 mg pioglitazone, the geometric
means for Cmax and AUC(TAU) of pioglitazone increased by 14% and 8%, respectively,
relative to those observed following administration of 45 mg pioglitazone alone. The
90% confidence interval for the ratios of population geometric means, with and without
saxagliptin, were within the 80% to 125% no-effect interval for AUC(TAU) of
pioglitazone. However, the 90% confidence interval for the ratios of population
geometric means, with and without saxagliptin, extended slightly above the 80% to 125%
no-effect interval for Cmax of pioglitazone. The pharmacokinetic parameters for
hydroxy-pioglitazone were similar following the administration of 45 mg pioglitazone
alone and following the co-administration of 10 mg saxagliptin and 45 mg pioglitazone.

Comments;

* A 10 mg dose of saxagliptin is the highest dose that was studied in the clinical
development program and 45 mg of pioglitazone is the highest recommended
dose.
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¢ To account for a possible interaction upon co-administration with saxagliptin, 45
mg of pioglitazone was administered for another 5 days, allowing for the re-
establishment of steady-state concentrations of both pioglitazone and the M-IV
metabolite.

e The sponsor used summary statistics and statistical analyses for saxagliptin and
BMS-510849 that excluded the data from Subject CV181028-1-24 (had very low
saxagliptin and BMS-510849 exposures) and these were considered to be the
most accurate representation of the pharmacokinetic results.

¢ The median and range for the Tmax of saxagliptin and BMS-510849 appeared to
be unaffected by co-administration of pioglitazone. All PK parameters for BMS-
510849 appeared to be unaffected by the co-administration of pioglitazone.

e Co-administration of saxagliptin to steady-state increased the Cmax of
pioglitazone at steady-state by 14% (90% CI for ratios of population geometric
means with and without saxagliptin: 1.03 to 1.28).

Clinical Study CV181033: Pharmacokinetic drug interaction study with saxagliptin
and simvastatin in healthy subjects (Dec 2005 — Jan 2006)

The main objective was to determine the effect of saxagliptin on the pharmacokinetics of
simvastatin and vice-versa when co-administered in healthy subjects. The effect on the
PK of metabolites BMS-510849 and simvastatin acid was also determined. This was an
open-label, non-randomized, sequential study in healthy subjects. Subjects were
administered four daily doses of 10 mg saxagliptin. PK sampling was done at trough
concentrations on Days 2-4 and serial sampling.on Day 4. On day 5, subjects began
receiving 40 mg QD simvastatin for 4 days and blood sampling was done on Days 7-9 for
trough and serial sampling on Day 8. On Days 9-12 subjects received both simvastatin
and saxagliptin and plasma sampling was done at trough (Days 10-12) and on Day 12 at
various time-points. On Days 4, 8, and 12, subjects were maintained in a fasted state for 4
hours post-dose. (24 enrolled; 23 completed).

When co-administered with simvastatin, the geometric means for Cmax and AUC(tau) of
saxagliptin increased by 21% and 12%, respectively, relative to those observed following
administration of 10 mg saxagliptin alone. The 90% confidence intervals for the ratio of
population geometric means, with and without simvastatin, were within the prespecified
confidence interval (80% to 125%) for AUC(tau) of saxagliptin but not for its Cmax.

Table: Summary statistics for saxagliptin PK parameters
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Luraweieny

Treatwant
PK

Parameter A )
{8*23) {0=13)
Cmax (ng/ml)
Geomenric Mean (CY %) 44 (32) HE9
AUC(TAU) (ng-himl)
Geontenic Mean (CV %) 153 (19) 17239
Tmax (h)y
Madisn (Min, Max) 1.00 (6.50, 2.00) 0.30(0.23, 2.00)
T " Ceomenc Seam Rarlo of Geomaetric Meams
(TrtC/Trt )
Parameter Tria ¢ Point Estimate 90% C1
Cmax (ngiml) H 34 120 (L.11, 131y

AUC(TAU) (oghiml) 153 172 L12 (1.09, 115)

Treatments: A = 10 mg saxagliptin (Day 4)
C = 10 mg saxagliptin + 40 mg simvastatin (Day 12)

There was no effect of simvastatin on the PK of BMS-510849. The 90% CI for the ratio
of population geometric means for both Cmax and AUC(TAU), with and without
simvastatin, were within the prespecified confidence interval (80% to 125%).

Table: Summary statistics for BMS-510849 PK parameters

Treaznent
P Treamment

Parameter A [4
(0=23) (n=23)

Cmax (agmi)

Gepmatric Maag (CV 43) 26G3) 103 29)
AUC(TAL) (pg-h/ml)

Geomexic Mean (CV 35) 329Q6) 538 Q%)
Tmax (k)

Median (Min Mavy 1,50 (1.00. 3.00) 1.50¢1.60.2.00)

When 10 mg saxagliptin was co-administered with 40 mg simvastatin, the geometric
mean Cmax of simvastatin decreased by 12% and the geometric mean AUC(TAU) of
simvastatin acid increased by 16%, relative to those observed following administration of
40 mg simvastatin alone. There was no change in the AUCtau of simvastatin or Cmax for
simvastatin acid when co-admirnistered with saxagliptin.

Comments:

¢ Both agents share a common metabolic pathway (CYP3A4) and DDI was
assessed at steady-state for both agents. There was an effect on the Cmax of
saxagliptin (21% increase) with no change in its AUC or on BMS-510849 PK
parameters. : _

e The sponsor used a wider 90% CI for simvastatin and simvastatin acid (70-
143%). Based on the 80-125%, the Cmax of simvastatin was about 12% lower
and the AUCtau of simvastatin acid was 16% higher in presence of saxagliptin.

e No dosage adjustments are recommended in this case.

Clinical Study CV181052: Pharmacokinetic drug interaction study with saxagliptin
and digoxin in healthy subjects (May-Jun 2006)
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The main objective was to determine the effect of digoxin on the pharmacokinetics of
saxagliptin in healthy subjects (20 enrolled; 14 randomized and completed) and to
determine the effect of saxagliptin on the PK of digoxin in healthy subjects. This was an
open-label, randomized, three-period, three-treatment, crossover study in healthy
subjects. Each subject received the following three treatments during the course of the
study according to the randomization schedule:

¢ Single oral dose of saxagliptin 2 x 5 mg tablets (Treatment A)

¢ 0.25 mg digoxin tablet q6h on Day 1 followed by 0.25 mg digoxin tablet q12h on
Day 2 followed by 0.25 mg digoxin tablet QD on Days 3-7 (Treatment B)

e Single oral dose of 2 x 5 mg saxagliptin tablets and 0.25 mg digoxin tablet g6h on
Day 1 followed by a single oral dose of 2 x 5 mg saxagliptin tablets and 0.25 mg
digoxin tablet q12h on Day 2 followed by 2 x 5 mg saxagliptin tablets and 0.25
mg digoxin tablet QD on Days 3-7 (Treatment C)

On Day 1 of Period 1, subjects were randomized to one of the two possible treatment
sequences (ABC or ACB). The washout between Periods 1 and 2 was at least 1 day. The
washout between Periods 2 and 3 was at least 2 weeks. Subjects were required to fast for
8 hours prior to dosing. ‘

There was no effect of digoxin on saxagliptin AUC and Cmax when co-administered.
Similarly, there was no effect on the PK parameters of BMS-510849.

Table: Summary statistics for saxagliptin PK parameters

P}t:r;nnoldnuk v ) frenuunt A 'i'reinmﬁ <
Parameter (h=1l) (@=1)
Coaax (az'ml)
CGeomaTic Maan . 52 3l
€V (24) {23)
ALC(TAY) @rsaml)
Geomweic Masn N 185
€Vt [e2)]
AUCQENF} (azebiml)
Geomamic Mam 13 A
) )
Tagx (b
Madian 050 0.50
(main, max) (0.50, 1.50) 0.50,2.00)
THOE ()
Maan 233 220
(SD) ©H) N LD)

When digoxin was co-administered with saxagliptin (Treatment C) compared to digoxin
administered alone (Treatment B), the geometric means of Cmax and AUC(TAU) for
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digoxin were 9% and 6% higher respectively. The results for both Cmax and AUC(TAU)
satisfied the pre-specified criterion.

Table: Summary statistics for digoxin PK parameters

Pharmacolinetic
Parameter

" Treahoent B

m=1y

Treatment ¢
(a=14)

Canx (pz'mb)
Geomenic Meao
(CV3)

149
20)

162
20

V)

AUCTAY) (ngea'ml)
. Geomwme Mean

15

[£29)

16
[£3]

Taex ()
Meadian
(o, maxy

150
(0.50, 3.00)

1.30
{0.30, 4.00)

T-Half )
Mson

17.49

paX. 23

L2

)

T (488 )

Comments:

o Steady-state assessment was done for both agents. The 0.25 mg q6h and 0.25 mg
q12h loading doses and 0.25 mg QD maintenance dose of digoxin were selected
for this study to achieve adequate digitalization and to achieve clinically-relevant
digoxin concentrations and which will not be toxic to healthy subjects.

e No significant interaction was demonstrated in this study indicating that any
interaction mediated through P-glycoprotein is unlikely.

e No dosage adjustment of either saxagliptin or digoxin is necessary when these
two drugs are co-administered.

Clinical Study Report for Study CV181027
ABBREVIATED REPORT

TITLE OF STUDY: Pharmacokinetic drug interaction study with saxagliptin and
digoxin in healthy subjects (Feb-Mar 2006)

This study was intended to evaluate the effect of saxagliptin on the pharmacokinetics of
digoxin and the effect of digoxin on the PK of saxagliptin and its pharmacologically
active metabolite, BMS-510849. Additionally, the safety of the saxagliptin alone or in
combination with digoxin was assessed. All 7 subjects randomized to Treatment C
(digoxin + saxagliptin) in Period 2 did not receive their saxagliptin dose on Day 4. The
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Sponsor made the decision to stop the study prematurely because of this significant
protocol deviation. The PK results were not analyzed due to the omission of the
saxagliptin dose on Day 4. Full safety data was included in this report. Sponsor has stated
that the concomitant administration was well tolerated and safe. The study was repeated

(CV181052).

Perturber

Substrate

GMR (90% CI)

AUC

Cmax

Saxagliptin 10 mg

Glyburide 5mg (2C9)

1.06 (1.00-1.13)

1.16 (1.06 —1.28).

Saxagliptin

0.98 (0.95-1.01)

1.08 (1.02-1.14)

Maalox max 30 mL
administered immediately
prior to saxagliptin

Saxagliptin 10 mg

0.95 (0.91 - 0.99)

0.74 (0.65 - 0.84)

Famotidine 40 mg given 3
h prior to saxagliptin

Saxagliptin 10 mg

1.02 (0.98 - 1.07)

1.13 (0.99 - 1.29)

Omeprazole 40 mg QD
(Days 1-4) prior to
saxagliptin

Saxagliptin 10 mg

1.12 (1.08 - 1.17)

0.97 (0.85 - 1.11)

Saxagliptin 100 mg

Metformin 1000 mg

1.20(1.17-1.24)

1.09 (1.01 - 1.19)

Saxagliptin

0.98 (0.92 — 1.04)

0.79 (0.71 - 0.87)

BMS-510849

0.99 (0.95 - 1.02)

0.88 (0.82 - 0.94)°

Saxagliptin 10 mg QD
(Days 1-3) and then (Days
9-13)

Pioglitazone 45 mg (Days
4-13) :

1.08 (0.99 — 1.17)

1.14 (1.03 - 1.27)

Saxagliptin

1.11 (1.06 — 1.16)

1.11 (1.03 - 1.20)

Saxagliptin 10 mg QD
(Days 1-4) and (Days 9-12)

Simvastatin mg (3A4)
(Days 5-12)

1.04 (0.94 - 1.15)

0.88 (0.74 ~ 1.06)

Simvastatin acid

1.16 (1.04—1.29)

1.00 (0.89 — 1.13)

Saxagliptin
BMS-510849

1.12 (1.09-1.13)
1.02 (0.99 - 1.03)

121 (1.11 - 1.31)
1.08 (1.02 - 1.14)

Saxagliptin 10 mg

Digoxin (Day 1,0.25 mg

(Day 1-7) q6h; Day 2, 0.25 mg q 12h; { 1,06 (1.02-1.11) | 1.09 (1.00 - 1.19)
Days 3-7 0.25 mg QD)
Saxagliptin 1.03 (0.99-1.11) | 0.99 (0.87 - 1.12)
BMS-510849 1.06 (1.01 —1.12) | 1.02(0.91 —1.14)
Ketoconazole 200 mg q12 | Saxagliptin 100 mg 2.48 (2.33 —2.65) | 1.62 (1.47 — 1.80)
h for 6 days (3A4) BMS-510849 0.09 (0.07 — 0.11) | 0.05 (0.05 — 0.06)
Ketoconazole 0.87 (0.79 - 0.95) | 0.84 (0.77 - 0.92)
Ketoconazole 200 mg q12 | Saxagliptin 20 mg 3.79 (3.39 - 4.24) | 2.44 (2.03 —2.93)

h for 6 days (3A4)
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Rifampicin Saxagliptin

BMS-510849
Diltiazem (3A4) 360 mg Saxagliptin 10 mg (Day 1 | 2.13 (1.99 - 2.28) | 1.63 (1.40 — 1.89)
(Days 2-9) and Day 9)

BMS-510849

0.64 (0.59 — 0.69)

0.56 (0.49 — 0.64)

Diltiazem

1.10 (0.97 — 1.25)

1.16 (0.98 - 1.36)

Bolded values indicate out of BE criteria.

CV181059 STUDY: Effects of Rifampin on the Single-dose Pharmacokinetics of
Saxagliptin in Healthy ' :

STUDY PERIOD: Study Date: 14-Mar-2008 - 11-Apr-2008

To main objective was to assess the effect of rifampin on the single dose
pharmacokinetics of saxagliptin, when rifampin and saxagliptin are co-administered to
healthy subjects. Secondary objectives include the effect of rifampin on BMS-510849 as
well as on PD (DPP-4 inhibition).

This was a non-randomized, open-label, single sequence study in healthy subjects.
Fourteen subjects received a single oral dose of 5 mg saxagliptin on Day 1, 600 mg once-
daily oral doses of rifampin on Days 2 to 6, and a single oral dose of 5 mg saxagliptin
concomitantly with a single oral dose of 600 mg rifampin on Day 7. Subjects were
confined to the clinical facility for the duration of the study. Subjects were discharged
from the clinical facility after the PK collection and all safety assessments were
completed on Day 8. Blood and urine samples were collected for PK and PD analysis for
up to 24 hours post-dose on Day 1 and up to 24 hours post-dose on Day 7.

The results suggest that co-administration of rifampin substantially reduces saxagliptin
exposures. When 5 mg saxagliptin was co-administered with 600 mg rifampin, the
geometric means for Cmax, AUCinf and AUCO-t of saxagliptin decreased by 53%,

76% and 80%, respectively, relative to those observed following administration of 5 mg
- saxagliptin alone.

Figure: Mean (+SD) plasma concentration-time profiles of following a single dose of
5 mg saxagliptin and BMS-510849 administered with and without 600 mg rifampin
once daily
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The 90% confidence intervals for the ratios of population geometric means, with and
without rifampin, were entirely below the (80%, 125%) no-effect interval for Cmax,
AUCinf and AUCO-t of saxagliptin. No changes in the renal clearance values of
saxagliptin were observed when saxagliptin was administered with and without rifampin
treatment.

Table: Summary statistics for saxagliptin pharmacokinetic parameters and
» statistical analyses

Pharwacokinetic ' Trnm.nl
Paramater g Saxagliptin H ?&S:m‘:m
(n=13) (um13)
Pamdrie il cvay w0ed e
e ;i:ﬁé\-%) Bae 1EH
Aé;i&?é?xﬁﬁ::vm . #eH 136H
Tuar®) s Ay 0.48 (0.4€,2.02) 048 (045, 1.95)
‘r:\a!;\:;’r(g) 3.02(0.64) 1:30(0.57)
tReH “m 17 im
' r— ' Raft of Geomenric NTeas
Geomeiric Means {5 mg Saxagliptin with 600 mg
Pharmacokineiic Rifampin's mg Saxagliptiny

.
P

Sazagliptin 5 mg Sijnsﬁp_ﬁ’l‘go”ﬂ" Point Estimate 909 CI

Cnax (sg'mL) 20 9 T 047 (038, 057)
AUCQINF) (ugtvml) b5 17 0.24 0.21,027)
AUCO-T) (pghinl) 6 1o 020 {0.17,025)

When 5 mg saxagliptin was co-administered with 600 mg rifampin, the geometric means
for Cmax, AUCinf and AUCO0-t of BMS-510849 increased by 39%, 3% and 4%,
respectively, relative to those observed following administration of 5 mg saxagliptin
alone. The 90% confidence interval for the ratio of population geometric means, with and
without rifampin, extends above the (80%, 125%) interval for Cmax of BMS-510849
while there was no effect on AUC. No changes in the renal clearance values of BMS-
510849 were observed when saxagliptin was administered with and without rifampin
treatment.

-

Table: Results of Statistical Analyses on BMS-510849 Cmax, AUCinf and AUC(0-t)
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Ratio of Geomatric Means

Geometric Means (S mg Saxashiptin witk 600 mg
Rifampin. iptin
Pharmacokinetic @pin/§ tng Saxagliptin)
Paramater Saxagliptin § my
Saxagliptin§mg = Rifampin 500 | Polor Esrimate 0% CL
mg

Cmax (ng'ml) 49 38 1.39 (1.23,1.56)
AUCANE) (aghml) 258 268 1.03 (0.97,1.09)
AUC(0-T) (aghvml ) 241 a5 1.04 (0.98.1.11)

The maximum inhibition of DPP4 activity (%Imax) remained unchanged when
saxagliptin was administered with (Imax = 83.2%) or without (Imax = 83.1%) rifampin.
The overall inhibition of DPP4 activity over the dosing interval AUEC(0-24h) was 6%
lower when saxagliptin was administered with rifampin compared to when saxagliptin
was administered alone. The mean DPP4 inhibition for the trough sample (24 h post dose
with saxagliptin) was around 13% lower when saxagliptin was co-administered with
rifampin relative to saxagliptin alone.

Mean Plasma DPP4 % Change from Baseline versus Time Profiles in the Absence
and Presence of Rifampin Induction

2

~0 -

-0

Mets Casma OV e B CRangs Som Dew i

-102

o 2 Py s H 1@ 13 14 16 18 20 33 24
Time Since Doze ()
PLOT a—aw A o-0wl

Cormenis:

Both the inducer and substrate were dosed at the exposures that are relevant to the
clinical use; highest dose of substrate was used (5 mg).

Rifampin was dosed for 5 days prior to co-administration with saxagliptin, which
is sufficient for full induction potential of rifampin.

Total active moiety exposure was calculated by adding the molar AUCinf of
saxagliptin and one half of the molar AUCinf of BMS-510849 (one half of BMS-
510849 was used since it has 2-fold lower Ki for DPP-4 inhibition as compared to
parent).

Decrease in saxagliptin exposure can be mainly attributed to induction of
CYP3A4/3A5 mediated metabolism of saxagliptin. Induction also resulted in a
decrease in half life from 3.02 to 1.7 h. This metabolic induction is also evident in
a 5-fold increase in the metabolite-to-parent AUCinf ratio.

Rifampin also inhibits certain uptake transporters (OATP1, MRP2). The decrease
in exposure of saxagliptin could also be due to inhibition of an uptake
transporter(s) that may facilitatg absorption of saxagliptin.
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e The mean DPP4 inhibition for the trough sample (24 h post dose with saxagliptin)
was around 13% lower when saxagliptin was co-administered with rifampin
relative to saxagliptin alone. The clinical significance of these changes is
unknown.

TITLE OF STUDY: 7#e Safery and Pharmacokinetics of Saxagliptin (BMS-#77118)
n Subjects with Normal Renal Function, Mild, Moderate, and Severe Renal
Lmpairment, and in Hemodialysis Subjects.

Duration: 3/24/06 — 1/29/08

Primary Objective: To determine the effects of various degrees of renal function
impairment and hemodialysis on the single oral dose pharmacokinetics of saxagliptin
(BMS-477118) and its pharmacologically active metabolite, BMS-510849.

Method: This was an open-label, parallel group, single-dose study in male and female
subjects (ages 24-79 years; BMI 20-2 — 39.8 Kg/m?). Subjects were classified into one of
the following five groups (8 subjects/group) according to their degree of renal function.

* A: Normal renal function (creatinine clearance (CLcr) > 80 mL/min)

* B: Mild renal impairment (50 < CLc¢r < 80 mL/min)

* C: Moderate renal impairment (30 < CLcr < 50 mL/min)

* D: Severe renal impairment (CLcr < 30 mL/min and not on dialysis)

* E: Subjects requiring hemodialysis (saxagliptin dose administered prior to the day’s
dialysis session)

On the morning of Day 1, all subjects received a single oral dose of 10 mg saxagliptin
under fasting conditions. 40 subjects (27 male; 13 female) were dosed with saxagliptin 10
mg (2 x 5 mg). The ethnic distribution was as follows: White (31) and Black (9). Subjects
undergoing hemodialysis had their saxagliptin dose administered 2 h prior to their 4 h
hemodialysis session (between 2-6 h post-dosing with saxagliptin). Blood and urine
samples were collected for pharmacokinetic (PK) analyses up to 72 h post-dose. Subjects
were discharged from the study in the morning of Day 4 after completing the 24-h urine
collection and safety evaluation.

Results: The plot of mean plasma concentration-time profiles and the PK parameters of
saxagliptin for all subjects are provided in Figure 1 and Table 1 below:
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Figure 1: Mean (+ SD) Plasma Concentration-Time Profiles for Saxagliptin in
Subjects with Normal Renal Function, Subjects with Mild, Moderate and Severe
Renal Impairment and Subjects on Hemodialysis
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Table 1: PK parameters for saxagliptin

Saxagliptin Rena) Fonction Groap
Parameter Normal TMBd Xfoderate T Severe - Htmodmlyus

(na8) (n=9) @=9 (=8)  (o=?r) (a=8)

Croax {ag'ml)

Geo. Mean {CV9%) 54428 75(26) 58(36) F41(35) 72038) 15035

AUCENF)(ngtke'al)

Geo. Mean (CV%) ASQS) MG 0365 HIGD 434G 17067

AUC(-THag himl)

Geo. Mean (CV%) 0BG  MOGH  02G5) HIEDH  BE) 160 (40)

Toaax (b)

Medim 0.63 0.68 130 1.00 1.60 0.38

(in, (0.50, (025, {0.50, (.50, {0.50, (0.50,

Mxe) 1.0 1.50) 5.00) 1.50y 1.00) 3.00)

T-half ()

Moz (5D) 3.09(085) 3504161 S02(L23y 4420108 441(L1%)  339(02D)

CLTT (ml-‘mic)

Mean (SD) TO6(191)  TO5(230) ST(I6S) 399 (168)  413(176) 1030 (353)

TR oz DR (35)

Mem (SD) 2004 209 120) 7(3) T 40

CLR (oL min)

Maaz (DY 15303 15197 619 2648) 25(8)  No:appiicable

C1D ¢nlimin) Not Net Not Not Not

Meaz (SD) applicable  opplicable  applicsble  applicable  applicable 91 (35)

Nota: *Subjece CV181019-1-26 was. Tecaiving rifedipine (CYPIAS bndibitor) and hence axcindsd fom e
analysis. Sicce saxagliptn 35 a CYP3A4 sebsoate, wiedipine may kave alared the PK of saxaghiptin sud
the feymation of BMS-510849.

%UR: Pecent urinary recovery for subjects nor on dialvsis; %DR: Percenr diaiysate recovery for sabjects
o datvss

Scatter plots of saxagliptin Cmax and AUCinf versus CLcr are provided below:
Saxagliptin Cmax values were not well correlated with estimated CLcr values. There was
clear association between AUC and CrCl, as CLcr values decreased, saxagliptin AUC
values generally increased and became more variable.
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Figure 2: Scatter Plot of plasma Saxagliptin Cmax(left) and AUC (right) versus
CLer _
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Compared to subjects with normal renal function, subjects with mild, moderate, and
Severe renal impairment had:

— 39%, 7%, and 38% higher geometric mean Cmax values of saxagliptin,

- 16%, 41%, and 108% (2.1-fold) higher geometric mean AUCinf values of saxagliptin,
- 15%, 40%, and 110% (2.1-fold) higher geometric mean AUC(0-T) values of
saxagliptin

Compared to subjects with normal renal function, subjects on hemodialysis had 15%,
21% and 23% lower geometric mean Cmax, AUC(INF) and AUC(0-T) values of
saxagliptin, respectively.

113



800 1 .
1101
g
= 600 2 %1
g 2
E
3 i
< 400 1 o
£ i
i 1
3 0 En
£=%2 301
[ r T v T r 10 T r v T
A 8 c [ E A 8 c D 4
GROUP GROUP

The sponsor has proposed the dose based on renal function:
¢ No dose adjustment for mild renal impairment
* 2.5 mg for moderate, severe and ESRD patients

BMS-510849 PK results: BMS-510849 plasma Cmax values were not well correlated
with estimated CLcr values. As CLcr values decreased, BMS-510849 AUCinf values
generally increased.
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Mean (+ SD) Plasma Concentration-Time Profiles for BMS-510849 in Subjects with
Normal Renal Function, Subjects With Mild, Moderate and Severe Renal
Impairment and Subjects on Hemodialysis
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Compared to subjects with normal renal function, subjects with mild, moderate,

Severe renal function and ESRD had:

— 40%, 47%, 46%, and 36% higher geometric mean Cmax values of BMS-510849,

= 67%, 192% (2.9-fold), 347% (4.5-fold), and 309% (4.1 —fold) h:gher geometric mean
AUCinf values of BMS-510849,
= 67%, 191% (2.9-fold), 347% (4.5-fold), and 306% (4.1-fold) higher geometric mean
AUC(0-T) values of BMS-510849.

Renal Fanction Gronp

BMS-510845 — : ——
v Normal  Mild  Moderate Severe modialys
(a=Sy (n=%) (n=3) (a=8)  (o=7") (a=8)
L
Canax (of
breai e (r.v°.) 823y 12906) 13535 134G 131G 125 %
AUCENF)(eg-txal)
Geo. 3Maan (CV20) S69(18)  PSO(0)  1680(50) 2541 QS 2STHEG)  2350(50)
ALCO-THag hsl)
Greo. Mean (CV24) S55Q18)  929(30)  ISIF(SYH  2wIOQS) /05D 225T(GO)
Tas (b) .
Median 125 275 4.00 5.00 5.00 2.63
iz, ©.92, (.00, .00, Q.00, .09, Gto,
Max) 2.00) 8.00) £.28) 8.00) 2.00) 4.00)
Tohalf i)
3Mexa (SD) 3.85(0.560) 5.83(272) S.55(2A4)  DSP(1A43)  9.S8(L2Y)  12.51{1.34)
AUR or DR (20)
Meaa 5D) 27 20 ¢ 25 20¢9 19 9
CLR (mbmioy
AMexa (SD) 76 Q1) s20m 28A3 13 ¢3) 126 ot
- applicable
CLD (=l mm) Not Nor Nor Not Moz
Mesa (SD) 39 21)
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Saxagliptin and BMS-510849 were cleared by dialysis, with mean (range) extraction
efficiencies of approximately 48% (27-59%) and 77% (43-90%), respectively.

Although the mean half life of saxagliptin was not substantially different in subjects with
various degrees of renal impairment (range 3.1 to 4.4 hours), the half-life for
BMS-510849 increased with increasing degree of renal impairment (range of 3.9 to 12.5

hours).

The table below demonstrates that the metabolite levels increase with decreasing renal

function.

BMS-510849
Metabolite AUC ratio | AUC ratio Metabolite/Parent
compared to healthy

Healthy 1.0 2.6

Mild 1.7 3.8

Moderate 3.2 5.8

Severe 4.5 5.5

ESRD 4.2 13.4

Bloanalytical: Analysis of urine and plasma PK samples for measurement of saxagliptin
and BMS-510849 were performed by ‘C
plasma PK samples for measurement of iohexol was performed by <. )
T T T © "D The samples (plasma, urine and dialysate) were
analyzed for saxagliptin and BMS-510849 with a validated LC/MS/MS method. All
samples were analyzed during the period within which their analytes were known to be

stable.

O Analysis of urine and

Table: Summary of Assay Performance for Saxagliptin, and BMS-510849
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sy Muon % Deviation
Analyle irQ CLQ | Betwetn-run | Withinrun

L L ; from Nominal
(agml) | (ng'mly ey sicy Coucentration®

Saxagliptin and BMS-510849 in Humae Plasma
Saxagliprin 10 120 £62 £263
3MS-510849 20 200 £3s %375
Saxagliptin 38d BXIS-£10349 in Human Urine (Discriwinatory assay)

Saagliptin 50 1280 s71 %49 233
BMS-510849 10.0 2500 i88 376 8.0
Saxaghiptin and BAS-$10349 in Humax Dialyzate
Saxsgliptin 10 186 Not Mor 235
applicable appticable
IME-510849 20 200 Net Not 58

applicable spplicable

Commenss:

Saxagliptin and BMS-510849 are eliminated in the urine in the amounts of 24%
and 36% of administered dose of saxaglitpin respectively and therefore it is
expected that renal impairment may affect the PK of both the drug and metabolite.

Subjects were classified into 1 of 4 renal function groups (Groups A-D) according
to estimated CLcr determined by the Cockeroft-Gault calculation using the serum
creatinine concentration determined during the screening using the following
equation:

CLcr = [(140-age) x body weight (kg) / (72 x Scr (mg/dL))] x 0.85 (if female), where Scr
is the serum creatinine concentration

32 subjects not receiving dialysis received a single intravenous (IV) dose of 5 mL
of 300 mgl/mL iohexol, infused at a constant rate into a peripheral vein over 15
minutes. for determination of glomerular filtration rate (GFR) using the equation,
GFR = dose of iohexol/plasma AUCinf. The iohexol clearance generally
correlated with the creatinine clearance calculated using CG equation.

Additionally, during this visit, measured CLcr was determined from urinary
creatinine excretion (Ucr) over 24 hour (h) and serum creatinine measured at the
12-h time point. Subjects were released from the clinical facility after collection
of the 24 h samples and reported back to the study facility on Day -1.

The dose of saxagliptin tested was 10 mg (2x 5 mg tablets) whlch is the highest
dose studied in the Phase 3 program.

One subject (1-26) was receiving 30 mg nifedipine (moderate CYP3 A4 inhibitor)
and this may have altered the PK of saxagliptin. Therefore, sponsor conducted
analysis with and without the data for this subject.

Renal impairment is not expected to alter the plasma protein binding of
saxagliptin and BMS-510849 as sz vizro protein binding of both compounds in
human serum was very low. (renal clearance here refers to unbound renal
clearance).

Effects of Age and Gender on the Single-Dose Pharmacokinetics of BMS-477118 in
Healthy Subjects -
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Study period: 12 Sept 2005 — 20 Nov 2005

The primary objective was to determine the effects of age and gender on the single-dose
pharmacokinetics of saxagliptin. This was an open-label, single-dose, 2x2 factorial
design study comparing the single-dose pharmacokinetics of saxagliptin in 4 stratified
demographic groups. Fifty-six (56) subjects were divided into the following 4
demographic groups (14 subjects per group): young males (18 - 40 years), elderly males
(= 65 years), young females (18 - 40 years) and elderly females (= 65 years). On Day 1,
subjects received a single oral dose of 10 mg (2 x 5 mg) saxagliptin under fasting
conditions. Blood and urine samples were collected for pharmacoklnetxc analyses up to
48 hours post-dose.

Mean (+ SD) Plasma Concentration-Time Profiles for Saxagliptin Following Single
Oral 10 mg Doses of Saxagliptin to Healthy Young and Elderly Male and Female
Subjects (n=14/group) in Study CV181018

Youn Males {n=14
200 —- ] {n=14)

—{3—Zidarly Males (n=14)
—ai—Young Femalas {(n=13)

—fy=Zlderty Famales {n=14)

Saxaghptin plasma congsntration (ng/mL)
S

©
ES
o
[X]
o
2]
B

Time post-dose (h)

Sponsor pooled the results across the gender and age groups and concluded the
following: The geometric means of Cmax, AUCinf and AUC(0-T) of saxagliptin were,
respectively, 14%, 15% and 16% higher in female subjects than in male subjects. The
sponsor used a wider 90% CI to compare males and females. The conclusion was made
regarding lack of gender effect since the corresponding 90% confidence intervals for the
female to male ratios of geometric means were within 0.75, 1.33.

The geometric means of Cmax, AUCinf and AUC(0-T) of saxagliptin were, respectively,
23%, 59% and 61% higher in elderly than in young subjects. Adjustment for CLcr and
body weight reduced the difference to 12%, 29% and 30% for Cmax, AUCinf and
AUC(0-T), respectively. However, the pre-specified 0.75-1.33 criterion for absence of
effect was still not met.
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Table: Summary Statistics for Saxagliptin Pharmacokinetic Parameters Body
Weight and CLcr By Age/Gender Group

Pharmacolinetic Age'Gender Group
Farasuter YoungMates | Young Femaley | Elderty Males | Eldariy Femals
(n=14) {n=14) (n=33) (=)
Coax (ag-ml)
Gaonatric Mrac (CV2%) 5125 57 (36) 61 (19) il 26)
Tozax (b :
Median (Min, Mas) | 0.63 0.50. 2.50) | 0.75¢0.50, 2.00) | 1.00¢0.50, 2.00) 1.00(0.50, 2.00)
AUC(NF) (g baol) :
Gromezic Maan (CV24) 16+ (20) 203 (29) 231 (19) 301 (19)
AUVCO-T) (ephml)
Geometric Mean (C\74) 157 20y 197 30) 273 (19) 204 (20)
T-HALF (b
Mena(SD)] 252 (0.41) 2498 (0.2 326 (0.92) 291 (050)
CLTF ul-mis)
Maaa(SD)] 1036 (233) 240 (187) 302 (114) 62 (103)
CLR (ml wig)
Mem (SD) 199 (39) 183 (39 142 G 127 (30)
[FEYY
Mean (SD) 20 (5) 23 (5 2% (5) 23 (5)
Ty F (L)
Mean (5D) 225 (50) 134(52) 182Q9) 147 QN
Body Weigi: (k)
Mesa(SD) 75 an 70 (12) 30 (O 3 Q9
CLar (L xwin)
Mean (SD) 126 (23) 134 28 £0 (29 9 (10)
BUS-5T0489 PK resulis:

The mean plasma concentration-time profiles are shown and BMS-510849
pharmacokinetic parameters are summarized by age group and gender in figure and table
below:

Mean (+ SD) Plasma Concentration-Time Profiles for BMS-510849 Following Single
Oral 10 mg Doses of Saxagliptin to Healthy Young and Elderly Male and Female
Subjects (n=14/group)

~p-Young Males (nw14)
00— Elderly Malas (n=14)

1000

—a&r Young Females (n=14)
~— Eldery Females (n=14)

BMS-510849 plasma concentration (ng/mL)

12 16 20 24 28 2 36

< 4
> 4
w 4

Time post-dose {h)
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Summary Statistics for BMS-510849 Pharmacokinetic Parameters Body Weight and
CLer By Age/Gender Group

Pharmacokinetic AgvGender Group
Pacameter YomngMsles | Young Femmles | SlderiyMales | EMderty Femles
@14y (oa14) [CD)] (=13)
O (ag'ml)
Gedmetic Mean (C.V'23) 102 (29) 123 (2%) 90 (34) 118 ()
Tonax (B)
Madian (Mo, Max) § 1.50(0.75, 2.00) § 1.25 (2.00, 3.60) | 2.60 (1.0, 3.09) | 2.00 1.00, 4.00)
AUCENF) (azhinl)
Gromaic Men (C.V.25) 473 QY 361 0% 610 (31) 7 (%)
ATC(0-T) (epym) ’
Geowetric Mean (C.¥.%) 358 Q) 248 (22 391 (31) 80 (24)
T-HALF (b)
MmED)| 312 @55 203 (0.30) 435 (0.63) 413 (0.63)
CLR (gal ‘i)
Mesa($D)| 100 (18) 03 (17 75 {19) 85 (13)
HRUR Oy
Maxa(SD) 2 M E3 %0 280 3t
Body Weight (kg)
Maa($.D) 5 Q1 70 (12 £0 () 73 (10
CLer (mimio)
_ M (SD) 126 3) 124 Q) 30 (1) 79 (10)

The geometric means of Cmax, AUCinf and AUC(0-T) of BMS-510849 were,
respectively, 25%, 24% and 26% higher in female subjects than in male subjects, and the
corresponding 90% confidence intervals for the female to male ratios of geometric means
extended above the (0.75, 1.33) no-effect interval according to the sponsor. Adjusting for
CLcr and body weight yielded very similar results.

Although the geometric mean of Cmax of BMS-510849 was 7% lower in elderly than in
young subjects, the 90% confidence interval for the elderly to young ratio of geometric
mean was still within the pre-specified no effect criterion of 0.75-1.33 as per sponsor’s
conclusions. The geometric means of AUCinf and AUC(0-T) of BMS-510849 were,
respectively, 35% and 36% higher in elderly than in young subjects, and the pre-specified
0.75-1.33 criterion for absence of effect was not met. Additionally according to the
sponsor adjusting for CLcr and body weight reduced the differences and the
corresponding 90% confidence intervals satisfied the no-effect criterion for both AUCinf
and AUC(0-T) of BMS-510849.

Comnmeensss

e The sponsor concluded an “Absence of effect” of a factor (age group or gender)
on Cmax or AUCinf of saxagliptin since the corresponding 90% confidence
interval for the ratio of population geometric means for the two levels of that
factor was contained within an equivalence interval from 75% to 133%. The
sponsor has stated that since saxagliptin is generally safe and well tolerated, the
wide interval was used.

e The elderly patients with GFR of at least 60 mL/min were inctuded.
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¢ Elderly subjects had higher systemic exposures to saxagliptin (approximately
60%) and BMS-510849 (35%) compared to young subjects. Urinary excretion is
an important route of elimination for saxagliptin. The mean renal clearance values
for saxagliptin (191 and 134 mL/min for young and elderly subjects, respectively)
reflected the declining renal function associated with increasing age (mean
creatinine clearance of 125 and 79 mL/min for young and elderly subjects,
respectively). However, renal function alone does not explain the differences,
since the mean amounts of saxagliptin excreted in the urine (21 and 23% of the
ingested dose for young and elderly subjects, respectively) were similar between
the age groups. Since the majority of saxagliptin that is not cleared renally is
likely to be metabolized, the balance of the difference in saxagliptin systemic
clearance is probably due to a decreased metabolic capacity (intrinsic clearance
and/or reduced hepatic blood flow) with increased age. Interestingly, the mean
percentage of the saxagliptin dose recovered as BMS-510849 in the urine was
similar between young and elderly subjects (30 and 29 %, respectively)
suggesting the overall extent of metabolism of saxagliptin is not substantially
different between the age groups. A small proportion of the higher systemic
exposure to saxagliptin in elderly compared to young subjects also may have been
due to differences in the apparent volume of distribution of saxagliptin between
the age groups. The mean Vss/F values in young and elderly subjects were 205
and 164 L, respectively.

¢ Females had slightly higher systemic exposures to saxagliptin (by 15%) and
BMS-510849 (by approximately 25%) males.

e Elderly females had about 39%, 84% and 87% increase in saxagliptin Cmax,
AUCinf and AUCO-t respectively as compared to young males and about 15%,
68% and 70% increase in BMS-510849 Cmax, AUCinf and AUCO-t respectively.

¢ Elderly males had about 20%, 72% and 74% increase in saxagliptin Cmax,
AUCinf and AUCO-t respectively as compared to young males and about 20%
increase in AUCs of BMS-510849.

e Elderly females had about 25%, 48% and 49% increase in saxagliptin Cmax,
AUCinf and AUCO-t respectively as compared to young females and about 42%,
increase in BMS-510849 AUCs.

TITLE OF STUDY CV181034: Effect of a High-Fat Meal on the Pharmacokinetics of
Saxagliptin in Healthy Subjects

STUDY PERIOD: 16-Oct-2006 - 10-Nov-2006

This was an open-label, randomized, 2-period, 2-treatment, crossover study in healthy
subjects. On Day -1, following a 21-day screening period, subjects were admitted to the
clinical facility. On Day 1, subjects received either a single oral 10 mg dose of
saxagliptin administered in the fasted state (Treatment A) or a single oral 10 mg dose of
saxagliptin administered with a high-fat meal (Treatment B) in 1 of 2 randomly assigned
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treatment sequences. Approximately 48 hours later (Day 3), subjects were administered

the alternate treatment. A total of 14 subjects were randomized and completed study
treatment.

These results suggest that there was an effect of a high-fat meal on saxagliptin AUCinf,
When administered with a high-fat meal, saxagliptin AUCinf increased by 27%.
Although Cmax increased by 7.7% when saxagliptin was administered with a high-fat
meal, the 90% confidence intervals for ratios of Cmax geometric means fell within the
equivalence interval of 80% to 125%, indicating an absence of effect on Cmax.

Figure: Mean (+ SD) plasma concentration-time profiles for saxagliptin following
administration of single oral 10 mg dose of saxagliptin to healthy subjects in the
fasted state and after a high-fat meal (n=14)
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Table: Summary statistics for saxagliptin pharmacokinetic parameters

Pharmacokinetic Treanoeat

Parameter A B
(@m1) (a=14)
Cmax {ng'ml)
Geomedle Mean (CV 25) 4640 27 49.97 (29)
Tmaxqd) '
Mediao (Min, Mas) 053 (0.23,247) 0.59(0.50, 4.00)
AUC(Q-T) (ngehimly
Geomeie Mean (CV 43) 14430 G6) 184.98 (26)
AUCONT) (kL) '
Gromatric Mean (CV %) 150.11 35 100.69 26)
T-HALF ()
Mem (SD) 2.91{0.95) 312019
;: ::::. nthnmt Adjusted Geometric Means B %“ R;dx: i-\luzj‘:sshd
A B Paint 909 CI
Estimate
Cmax {ng/mL) 4640 4997 1977 {0.939, 1.246)
AUCENE) (ageh'ml) o 1kon 180.69 1270 (1.188,1.355)

Treatments: A = 10 mg saxagliptin administered in the fasted state
B = 10 mg saxagliptin administered following a high-fat meal
Note: Greater variability in Tmax in presence of food.
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BMS-570849: The mean plasma concentration time profiles for BMS-510489 are shown

below when administered with and without food.

Figure: Mean (+ SD) plasma concentration-time profiles for BMS-510849 following

administration of single oral 10 mg dose of saxagliptin to healthy subjects in the
fasted state and after a high-fat meal (n=14)
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Table: Summary statistics for BMS-510849 pharmacokinetic parameters

Pharmacokinetic
Parameter

Treafnent

Y
@=14)

B
{o=18

Cmaz (vy'mL)
Geonwake Mean (CV %)
Tmax (k)
Median (Mig, Max)
AUC(O-T) (ogeb'ml)
Geometric Mean (CV %)
AUCANF) (agsh‘mL)
GeomaTic Shan (CV 49
T-HALF @)
. Meaa (SD)

102.50 (33)
147(0.97.247
50134 (23)
518.81423)

456(1.39)

8223 G7)
198 (157, $.00)
1861LEN
503.08 26)

4560135

Pharmacolinetic
Parameter

Adjusted Geometric Means
A B

B/A Ratio of Adjwsted Geomestic
MMeans

Point Eitimate 9093 C1

Cmax (ng:ml)
AUC(INF) (ngeh/mL)

197.60 £8.22
51881 503.08

0.320
0.£70

(0.736, 0.914)
(0910, 1.023)

These results suggest that there was an effect of a high-fat meal on BMS-510849 Cmax.

When administered with a high-fat meal, BMS-510849 Cmax decreased by 18%.
Although AUCinf decreased by 3% when saxagliptin was administered with a high-fat
meal, the 90% confidence intervals for ratios of BMS-510849 AUCinf geometric means
fell within the equivalence interval of 80% to 125%, indicating an absence of effect on

AUCinf,
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Bloanalytical: The concentrations of saxagliptin and BMS-510849 in human plasma
were determined using solid phase extraction with subsequent analysis by LC/MS/MS.
The Lower Limit of Quantitation (LLOQ) for the analyses of 446 samples was
established at 1.00 ng/mL for saxagliptin and 2.00ng/mL for BMS-510849.

Commenrnis:

This study was conducted with the highest dose (10 mg) that was used in Phase 3
program.

The formulation used was a Ztablet which is almost identical to the
anticipated marketed formulation. This was discussed at the PNDA meeting and it
was agreed that the final to-be-marketed formulation was not significantly
different to that of the formulation used in the definitive food effect study.

The median Tmax of saxagliptin was prolonged from 0.53 h to 0.99 h when
saxagliptin was administered following a high-fat meal, and can be attributed to
an increase in gastric transit time. The median Tmax of BMS-510849 increased
from 1.47 h to 1.98 h following a high-fat meal. There was a greater variability in
Tmax in presence of food for both parent and metabolite.

Overall there was a 27% increase in AUC of saxagliptin and a decrease in
exposure of metabolite (Cmax decreased by 18%); possible alteration in the
metabolism of saxagliptin in presence of a high-fat meal.

Sponsor is proposing that saxagliptin can be administered either in fasted or fed
state.

Biowaiver request: The sponsor is requesting biowaiver for conducting additional
clinical food effect studies with the proposed 2.5 mg and 5 mg tablets and to
apply the findings from the 10 mg food effect study to these lower strength
tablets. No separate clinical study is required to characterize the effect of food on
the lower strength formulations based on:

o Similarity of composition of 2.5 mg, 5 mg and 10 mg tablets.
o Saxagliptin can be considered as highly soluble based on the 5 mg tablet
strength (and also 10 mg tablet strength).

o Dissolution profiles of all 3 strengths is rapid and similar in 3 pH (0.1N
HCI, 4.5 and 6.8)

TITLE OF STUDY: Single-Dose Pharmacokinetics and Safety of 10 mg Saxagliptin in
Subjects with Hepatic Impairment Compared to Healthy Adult Subjects

STUDY PERIOD: 28-Mar-2006 - 18-May-2007

This was an open-label, parallel group, single-dose study in 18 hepatically-impaired and
18 healthy subjects (6 in each Child-Pugh class A, B or C). 36 subjects were treated with
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a single dose of saxagliptin 10 mg (2 x 5 mg tablets) under fasting conditions. Thirty-five
(35) subjects were white and 1 was black. The mean age was 52 years (range 40-58
years) and mean body mass index was 27.5 kg/m2 (range 19.0-33.9 kg/m?2). Serial blood
and urine samples were collected up to 48 h post-dose.

Summary statistics for saxagliptin PK parameters by hepatic function group and
subject status

gliptin Pharmacoliastic P

Hepotic Cmax AUCQ@YF) | avcen Tmax T-Half
Fuartion | suvject | 020D | @gbind) | wevl) @ )
Grovp Statas Geom. Mean GQOI!I.‘B.IMII Goom'ilean \adian Mean
{CV8) (CV2e) (V) (Min, Max) (SD)
Tupaired 604 K113 710 1.00 175
A =8 a4n (26) (26 (0.50.1.50) 0.2
(Mildy Hzalthy 5614 197 152 106 357
= (35 (8) (18} {0.50.1.00) (0.35)
Tpaired EEAl 2288 37 1.50 3354
B =6 _(30) (53) fex)] {0.50. 2.0 (L3
Qvoderars) [ Healby 59 207 201 0.50 237
{n=9) (ED) (23) (23) {0.35.250) | (0.6 |
Tmpafred 304 338 319 0.75 727
< {o=6) 2) (38 {: {0.25,2.00) G760
(Serers) [ Hilthy 5%5 19'% 1%) 0.50 310
ot 2 V2 I U213 22} 0202000 | (067

For the mild hepatic function group, the geometric means for saxagliptin Cmax,
AUC(INF) and AUC(0-T) for impaired subjects were 8%, 10% and 10% higher,
respectively, compared to matching healthy subjects. Saxagliptin Cmax, AUC(INF) and
AUC(0-T) geometric means were 2%, 38% and 38% higher, respectively, for moderately
impaired subjects compared to matching healthy subjects. For subjects with severe
hepatic impairment, compared to matching healthy subjects, geometric mean Cmax was
6% lower and geometric mean AUC(INF) and AUC(0-T) was 77% and 72% higher,
respectively.

Results of Statistical Analyses of Saxagliptin Cmax, AUC(INF) and AUC(0-T)
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Adjasted

Geomeiric Ratlo of Geomerric Means
Hapatic Maans
Function | Pbarmacokinetic Subject Point 909%
Group Variable Stamss | Mesn Ratio Estitnate Con_ﬁd_;:n
Cmax Impared | 60 Tremaivad il

sl o say | 1077 | (0.763, 1519
AUCO-T)  |lmpaked| 2o | o
p'aal)  Fegmy |18 N ’
Crax Impaired | ¥
Gl  [Eamy [ 6
B AUCONF) | Impaied| 286 | _
(Moderate) (nz*2'ml)

1007 | (0.83), 3.448)

Ingpaired Fealthy 10186 { (0.720,1.432)

dHealthy 1383 {1644, 1830

Fettny
AUC(OT) | Inpawed | 278 N vo ek 1
el T or] DRETelly | 138 | (1o6109)

(f;ﬁ) -:.nﬁ_:-d :3 Tepairad Sealdty 0041 | (0.667,1.328)

c AUCHNE) | lupsired | 338 | pseamenmy | 1767 | (1334, 2341)
Gevese) arval)  Iegew | el _
AUCOT)  |topakad| 310 | .
Goal) ey | 126 |

Heaby 1718 | (1301, 2.268)

Summary statistics for BMS-510849 PK parameters by hepatic function group and

subject status
BMS-510849 Pharmacokinetic Parameters

) Crinax Ateasn | atce-n Tmax T-Half

}z;l::i:; subject | 5D | @ethml) | (@bl @) o

Grou Status Geom. Mean | Geom Mean | Geom. Mean Median Mean

o » €V | (cvee cvey) | MinMax) | (D)

| mpatred CI%d B - ) 333

A (@=6) gy (29 29 (1,60, 3.00) 053y

M) [ Bty 1054 602 578 13 417

. =6 | 08 an gyt assoy | a3y

T Topated '9§" B S T35 | 403

B = 81 . (52 (33) 100200 | a1d
(Medarare) [ Eaalthy 1116 530 55 1.60 355 |

1= | a3 o7 08 (100,350 | 0.00)

Topaired | 353 | 335 310 335 3.1

c o= 29) (69 oy (1005000 | @39

(Severe) [ Haslthy 862 300 484 .56 333

. (a=8) 63 29 28) (1.60.250) | (048)

In general, all the PK parameters for hepatic impaired subjects were decreased compared
to healthy subjects, in all the hepatic function groups. For the mild hepatic group,
geometric mean BMS-510849 Cmax, AUC(INF), and ACU(0-T) for impaired subjects
was decreased by 18%, 22% and 21%, respectively, as compared to matching healthy
subjects. Geometric mean BMS-510849 Cmax, AUC(INF) and AUC(0-T) was decreased
by 16%, 7% and 8%, respectively, for moderately impaired subjects compared to
matching healthy subjects. For subjects with severe hepatic impairment, compared to
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matching healthy subjects, geometric mean BMS-510849 Cmax, AUC(INF) and AUC(0-
T) was reduced by 59%, 33% and 36%, respectively.

Analytical:
Table 11.1.1A: Summary of assay and performance for saxagliptin and
BAIS-510849 in human plasma
L L i _ " Mean 30 Deviation
Anatyte - Q| Betweenrun | Withinrun | i Noniaal
(ng'ml) | (ng'mk) ; ’ Concentration®
Saxagliptin 10 100 £52 £58 4.2
aMssioss0 [ 20 | 200 2356 | <gs £40
Table 11.1.1B: Summary of assav and performance for saxagliptin and
BMS-510849 in human urine
) | ue v - "Maax %6 Daviation
Anatyte 2 | THQ | Betewnrun| Wittinrus | 7o Nominal
{(ogml) | (ngml) i v Concentration®
Saxagliptin 50 . 1250 2388 b4 B4 =100
BMS-510849 10.0 2300 190 | 353 x50

Subsequent to the determination of plasma and urine concentrations of BMS-510849, it
was found that the employed bioanalytical method overestimated the concentrations of
BMS-510849. Consequently, a new bioanalytical method was developed to more
accurately quantitate concentrations of BMS-510849 in plasma and urine (refer to study
addendum 01 for further details regarding a comparison of the original and new
methods).

Comments:

e While hepatically impaired subjects were enrolled into the study based on Child-
Pugh class, a 1 mg/kg intravenous dose of lidocaine was administered prior to the
start of the study for post-hoc analysis of liver drug metabolizing capacity. The
formation of monoethylglycinexylidide (MEGX), a metabolite of lidocaine
catalyzed by CYP3A, was used to distinguish differences in metabolic capacity
between Child-Pugh classes A, B and C.

e Saxagliptin is predominantly metabolized in the liver by CYP3A and the exposure
is expected to increase in hepatic impairment. '

e Compared to matched healthy subjects, there was a trend towards higher AUC
values for parent and lower AUC values for BMS-510849 with increasing
severity of hepatic impairment, indicating a reduced capacity to metabolize
saxagliptin as hepatic function declines.

¢ There was no correlation with smoking status.
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