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DISCLAIMER STATEMENT

The attached package contains background information prepared by the Food and Drug
Administration (FDA) for the panel members of the advisory committee. The FDA
background package often contains assessments and/or conclusions and
recommendations written by individual FDA reviewers. Such conclusions and
recommendations do not necessarily represent the final position of the individual
reviewers, nor do they necessarily represent the final position of the Review Division or
Office. We have brought NDA 202293 (dapagliflozin) to this Advisory Committee in
order to gain the Committee’s insights and opinions, and the background package may
not include all issues relevant to the final regulatory recommendation and instead is
intended to focus on issues identified by the Agency for discussion by the advisory
committee. The FDA will not issue a final determination on the issues at hand until input
from the advisory committee process has been considered and all reviews have been
finalized. The final determination may be affected by issues not discussed at the advisory
committee meeting.
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Introduction

The FDA has convened this advisory committee to discuss a new drug application for dapagliflozin, a
first-in-class anti-diabetic therapy that treats hyperglycemia through inhibition of the sodium glucose
cotransporter-2 (SGLT-2), located predominantly in the S1 segment of the proximal renal tubules where it
is responsible for the reabsorption of approximately 90% of glucose filtered through the nephron. Hence,
the glucose-lowering ability of the drug is due to the renal excretion of glucose and is dependent upon the
amount of glucose filtered through the glomeruli. This effect is independent of insulin secretion which
minimizes the risk of hypoglycemia. However, by virtue of this same pharmacologic action, efficacy
wanes as glomerular filtration rates decline with progressive renal impairment.

The clinical development program for dapagliflozin is similar to several recently approved anti-diabetic
therapies. Three Phase 2b and 11 Phase 3 clinical trials investigated the efficacy and safety of
dapagliflozin in drug-naive patients or patients who were inadequately controlled with other oral agents
and/or insulin. These studies evaluated the efficacy of dapagliflozin used as monotherapy, add-on therapy
to metformin, sulfonylureas, pioglitazone or insulin, and as initial combination therapy with metformin. In
addition, a 52-week placebo-controlled study was conducted in patients with moderate renal impairment
and a body composition study was conducted to investigate the effect of dapagliflozin on weight loss.

Similar to other recently approved anti-diabetic therapies, the applicant conducted a meta-analysis of
several controlled Phase 2 and 3 clinical trials to evaluate cardiovascular (CV) safety as outlined in a
recent FDA guidance published in December 2008.> As summarized in the FDA statistical review by Dr.
Anita Abraham, dapagliflozin does not appear to be associated with excess cardiovascular risk with an
overall HR of 0.67 (95% CI 0.42-1.08) relative to comparators for the primary composite of CV deaths,
myocardial infarctions (M), stroke, and hospitalization for unstable angina. The applicant has proposed to

! Guidance for Industry — Diabetes Mellitus — Evaluating CV risk in New Anti-diabetic therapies to treat type 2
diabetes
(http:/lwww.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/ucm071627.pdf)



conduct a CV outcomes trial whose primary objective is to demonstrate a cardioprotective effect of
dapagliflozin. FDA concurs with the applicant that a CV outcomes trial is necessary to better characterize
the CV safety of this drug and to evaluate safety issues that have arisen in the course of this NDA review.
If approved, this CV outcomes trial will be a required postmarketing trial.

The FDA background package includes reviews from selected disciplines covering topics intended for
discussion at this meeting. Dr. Jonathan Norton will present the primary efficacy findings from several
Phase 3 trials, including the impact of patient discontinuation and differential rates of glycemic rescue on
the treatment effect and secondary efficacy endpoints of interest. Dr. Norton will also discuss efficacy in
patients with moderate renal impairment from Study MB102029 with a focus on the subgroup analysis
performed by the applicant. Following the FDA presentation on efficacy, Dr. Somya Dunn will provide an
overview of the safety data with a focus on bladder and breast cancer imbalance, hepatic safety, genital-
urinary infections, bone safety, and adverse events in the renal impaired population.

At the conclusion of today’s presentations given by representatives from Bristol-Myers Squibb/Astra-
Zeneca and FDA, the advisory committee members will be asked to consider the following as topics for
discussion.

Topics for Discussion by Panel

1. Efficacy
Dapagliflozin’s efficacy is dependent on the amount of glucose filtered through the glomeruli. As the
glomerular filtration rate (GFR) declines in renal impairment, the efficacy of the SGLT-2 inhibitor is also
diminished. This was demonstrated in a PK/PD study of patients with normal, mild, moderate and severe
renal impairment, and in a clinical trial enrolling patients with moderate renal impairment. In this latter
trial, patients with moderate renal impairment (eGFR 30 mL/min/1.73m? to 59 mL/min/1.73m?) showed no
significant difference in HbAlc reduction between dapagliflozin 5 and 10 mg compared to placebo. The
applicant analyzed efficacy results by further categorizing renal impairment into subcategories 3A (eGFR
45-59 mL/min/1.73m?) and 3B (30-44 mL/min/1.73m?) and noted numerically greater placebo-corrected
HbALc reductions from baseline in 3A versus 3B patients; however, neither subcategories had a significant
difference in HbAlc reduction compared to placebo. The applicant is recommending that the drug not be
used in patients with moderate to severe renal impairment defined as eGFR < 45 mL/min/1.73 m? or CrClI
< 60 mL/min and is therefore not excluding use in patients in subcategory 3A renal impairment based on
eGFR.
a. Please discuss the labeling recommendations proposed by the applicant which includes use of
dapagliflozin in patients with eGFR 45-59 mL/min/1.73m".
b. Please discuss the implications of this reduced efficacy in T2DM where renal impairment can
impact a sizeable proportion of individuals with this disease.

2. Safety
Several unexpected safety issues identified in this clinical development program were of sufficient concern
to FDA to merit discussion of their impact on the overall benefit-risk consideration of dapagliflozin.

Hepatic Safety
Five patients treated with dapagliflozin developed ALT or AST > 3x ULN with accompanying total

bilirubin > 2x ULN (biochemical Hy’s law). An adequate explanation for the biochemical abnormalities
could be identified in all but one case. This one case was classified as a ‘probable diagnosis of mild to
moderately severe dapagliflozin-induced liver injury’. Imbalances in severe hepatic transaminase
elevations (> 5x and 10xULN) between dapagliflozin and comparators were not observed and no signal for
hepatotoxicity was identified in the nonclinical program.



a. Please comment on the clinical relevance of the one case and whether sufficient evaluation of the
current database has been conducted to determine if dapagliflozin is associated with a risk of
hepatotoxicity.

Breast and Bladder Cancer
Numeric imbalances in breast and bladder cancer were observed in the clinical development program. The
clinical development programs were not of adequate design, size, or scope to detect a significant risk
difference between dapagliflozin and comparators for these two types of cancers. Based on evaluation of
the Surveillance Epidemiology and End Results (SEER) database and review of the literature on the
incidence of these cancers in T2DM, it was determined that the number of observed breast and bladder
cancers in the dapagliflozin-treated group exceeded the expected number of cases in the general T2DM
population. For both of these types of cancer, please discuss the following:

b. Any imbalance of baseline risk factors which might have contributed to the imbalance in number

of cases observed
c. Whether detection bias could have contributed to the imbalance in number of cases observed

Draft Questions to the Panel
1. Has the applicant provided sufficient evidence that dapagliflozin is an effective glucose-lowering agent
for the treatment of hyperglycemia in T2DM?

a. If no, please explain.

b. Are there any additional studies recommended to characterize effectiveness of this drug?

2. Has the applicant provided sufficient evidence that the efficacy of dapagliflozin outweighs the safety
concerns identified in this drug application?
a. If yes, are there any additional studies recommended to further evaluate the benefit-risk of this
drug in the post-marketing setting?
b. If no, what additional studies should be performed prior to consideration for approval?
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Section I. Introduction

I(a). Product Description

Dapagliflozin is an orally active sodium glucose co-transporter 2 (SGLT2) inhibitor
proposed for the treatment of type 2 diabetes mellitus. It is a competitive, reversible,
highly selective active inhibitor of SGLT2, the major transporter responsible for the renal
glucose reabsorption. Dapagliflozin causes insulin-independent, renal elimination of
glucose. SGLT2 is almost exclusively expressed in the kidney.

Dapagliflozin reaches maximum concentration (Cmax) in about two hours. The half-life
is 12.5 hours. It is inactivated by UGT1A9, an enzyme present in the liver and kidney, to
an inactive glucoronidated metabolite (dapagliflozin 3-O-glucuronide).

The proposed indication for dapagliflozin is as an adjunct to diet and exercise to improve
glycemic control in adults with type 2 diabetes mellitus (T2DM). There are currently no



approved SGLT?2 inhibitors available for treatment of T2DM. If approved, dapagliflozin
will be a first-in-class therapy.

The proposed dose is 10 mg, taken once daily at any time of day. There is no proposed
dose adjustment based on renal function. However, the applicant proposes that
dapagliflozin should not be taken by patients with moderate to severe renal impairment
(defined estimated glomerular filtration rate <45 mL/min/1.73 m” or creatinine clearance
< 60 mL/min). The efficacy of dapagliflozin is dependent on the filtered load of glucose,
which in turn is dependent on glomerular filtration rate (GFR). Because dapagliflozin
causes an increase in urinary volume excretion, the proposed dose for patients at risk for
volume depletion (i.e., those who are on loop diuretics) is 5 mg once daily.

I(b). Description of Clinical Trial Development

The dapagliflozin clinical development program consisted of 26 pharmacology trials,
three Phase 2b trials, and 11 Phase 3 trials. Cumulative exposures to dapagliflozin and
control in the Phase 2b and 3 clinical trials were 4009 patient-years and 1682 patient-
years, respectively, at the time of the NDA submission. There were 2.2 times more
subjects exposed to dapagliflozin (N=4287) than to control (N=1941). Table 1 lists the
Phase 2b and Phase 3 trials. These trials comprise the main efficacy and safety review of
dapagliflozin. The applicant conducted a 24-week trial in diabetics (MB102029) with
moderate renal impairment with the main purpose of assessing the safety of dapagliflozin
in this specific population.



Table 1. Phase 2b and Phase 3 Trials in T2DM in the Dapagliflozin Development Program

Study Number Study Description Patient Population Duration Doses (mg) Number of Subjects per
Arm (dose—N)
MB102008 Monotherapy vs. placebo Drug naive and inadequate control 12 weeks 2.5,5,10, 20,50 2.5mg-59, Smg-58, 10mg[]
with diet and exercise alone 47, 20mg-59 / Placebo-54 /
Metformin-56
D1692C00005 Monotherapy vs. placebo Drug naive and inadequate control 12 weeks 1,2.5,5,10 1mg-59, 2.5mg-56, S5Smg-58,
with diet and exercise alone 10mg-53 / Placebo-54
MB102009 Add-on to insulin vs. placebo Pilot study; patients on high doses of | 12 weeks 10, 20 10mg-24, 20mg-24 /
(50% insulin + metformin or TZD) exogenous insulin Placebo-23
MB102013 Monotherapy vs. placebo Inadequate control with diet and 24 weeks 2.5,5,10, 20, 50 AM dosing 2.5mg-65, Smg(]
exercise alone 78 week extension 64, 10mg-70 / Placebo-75
MB102032 Low dose monotherapy vs. placebo Inadequate control with diet and 24 weeks 1,2.5,5 1mg-72, 2.5mg-74, 5Smg-68 /
exercise alone Placebo-68
MB102014 Add-on to metformin IR vs. placebo Inadequate glycemic control on 24 weeks 2.5,5,10 2.5mg-137, Smg-137, 10mg [’
(metformin >1500 mg) background therapy alone 78 week extension 135 / Placebo-137
D1690C00005 Add-on to SU vs. placebo Inadequate glycemic control on 24 weeks 2.5,5,10 2.5mg-154, 5mg-142, 10mg_
(glimepiride 4 mg) background therapy alone 24 week extension 151 / Placebo-145
MB102030 Add-on to TZD vs. placebo Inadequate glycemic control on 24 weeks 5,10 Smg-141, 10mg-140/
(piolglitazone>30 mg) background therapy alone 24 week extension Placebo-139
D1690C00006 Add-on to insulin vs. placebo Inadequate glycemic control on 24 weeks 2.5,5,10 2.5mg-202, 5mg-211, 10mg
(Insulin>30 IU + 2 OAD) background therapy alone 24 week extension 194 / Placebo-193
56 weeks—ongoing
D1690C00004 Add-on to metformin IR vs. glipizide | Inadequate control on metformin 52 weeks Dapa 2.5,5,10/ Dapa-400
(metformin >1500 mg) 52 week extension—ongoing Glipizide 10 or 20 mg Glipizide-401
104 week extension—ongoing
MB102034 Initial combo with metformin XR vs. | Baseline HbAlc >7.5 to <12 24 weeks Dapa 10 mg / Metformin 208
metformin XR or Dapagliflozin Metformin up to 2000 Dapa 10 mg-219
monotherapy mg Metformin plus Dapa-211
MB102021 Initial combo with metformin XR vs. | Baseline HbAlc >7.5 to <12 24 weeks Dapa 5 mg / Metformin | Metformin 201
metformin XR or Dapagliflozin up to 2000 mg Dapa 10 mg-203
monotherapy Metformin plus Dapa-194
MB102029 Monotherapy vs. placebo Moderate renal impairment with 24 weeks 5,10 5mg-83, 10mg-85 / Placebol
(any AD combination except inadequate glycemic control on a 28 week extension 84
metformin) stable regimen 52 weeks—ongoing
D1690C00012 Add-on to metformin vs. placebo Baseline HbAlc >6.5 to <8.5 and 24 weeks 10 10mg-91 / Placebo-91

BMI > 25 kg/m2

78 week extension

TZD=Thiazolidinedione; OAD=oral anti-diabetic medication; AD=anti-diabetic medication; Dapa = dapagliflozin




I(c). Study Design

The primary endpoint for nine of the Phase 3 trials was change in HbA 1c from baseline at
24 weeks of treatment with dapagliflozin. For Study D1690C00004, the active
comparator trial, the primary efficacy endpoint was change from baseline in HbAlc at
week 52. The last study in Table 1, D1690C00012, had a primary endpoint of total body
weight and is not discussed in this Study Design subsection.

The Phase 3 trials included a diverse group of patients drawn from the T2DM population.
There were drug-naive subjects at an early stage of disease and subjects taking oral
antidiabetic agents or insulin at a later stage of the disease.

The Phase 3 trials included a qualification / enrollment phase of up to three weeks
(Figure 1) used for screening. This phase was followed by a placebo lead-in period. A
lead-in period was included in all of the trials with the exception of the combination with
insulin trial (D1690C00006). In this trial, patients had to be on a stable insulin regimen
with a mean insulin dose of >30 U for at least eight weeks prior to enrollment. Long-
acting, short-acting, and sliding scale insulin regimens were all allowed. For the other
trials, during the placebo lead-in period, patients were given diet and lifestyle instruction.
In addition, compliance with placebo was assessed. For trials with background
medication (except the insulin add-on trial), doses of background medications were added
or stabilized.

The trials included a short-term double-blind treatment period of 24 weeks, with the
exception of study D1690C00004 (active comparator), which had a short-term period of
52 weeks. In seven of the other 10 trials, the short-term treatment period was followed by
a protocol pre-specified, double-blind, long-term extension treatment period of at least 24
weeks duration. Placebo-treated patients entering the long-term extension treatment
period continued treatment with placebo, except for those in the monotherapy trial with a
78-week extension, Study MB102013. In this trial, placebo-treated patients who
completed week 24 and who had not received glycemic rescue were treated with blinded
metformin 500 mg daily during the long-term extension. One of the monotherapy trials
(MB102032) and the initial combination therapy trials (MB102021 and MB102034) did
not include an extension.



Figure 1. General Study Design

of Phase 3 Trials

Lead-in
Qualification/ +/- dose Short Term Double Blind Long Term
Enrollment optimization [—> Placebo- or Active Controlled [ 5] Site/Subject Blinded
(up to 3 weeks) period Treatment Treatment®
(1-12 weeks) (24 weeks)! (24-156 weeks)
Randomization Primary, Secondary Exploratory Efficacy
and Exploratory Assessments
Efficacy Assessments +Safety Assessments
+Safety Assessments

1 Study D1690C00004 had 52 weeks sh

long term treatment periods

2Studies MB102021, MB102032 and MB102034 did not include

ort term treatment period

Source Applicant SCE Figure 1

I(d). Rescue Criteria

Patients who did not meet protocol-specified glycemic targets at specified timepoints
during the trial received rescue medication, which varied from trial to trial. The pre-
specified targets (Table 2) became more stringent over time. In Study D1690C00006, the
add-on to insulin study, the insulin dose was uptitrated for rescue and there was no oral
rescue therapy. In Study D1690C00004, the active comparator trial, there was no rescue
medication and patients were discontinued if they could not maintain glycemic control.

Table 2 Rescue Criteria Phase 3 Trials—Short-term Treatment Period

Monotherapy Add-on combination, placebo-controlled Add-on Initial combination with Weight and Maoderate
combination vs Metformin XR bhody renal im-
SuU composition pairment

Background Metformin sU TZD Insulin Metformin Metformin Any*

MB102013 MEB102032 MB102014  DI6YOCODDN5  MRBI02030  DIGSOCOOD0N6 | DISSOCHO00N [ MB102021 ME102034 | D1690COHO012 | MB10202Y
None none
FPG =270 mg/dl. | Weeks 4107 Weeks 4107 | Weeksd 107 Weeks 4107 Weeksdw7 Weeks 6,7 Weeks 6,7 Weeks 4,5
FPG =240 mg/dL. | Weeks 81011 Weeks S0 | Weeks 8t0 11 Weeks 8011 WeeksSto  Weeks 1 o 12% Weeks Bto 11 WeeksBto 11| Weeksd4to7 | Weeksbto 11

11 I
FPG =220 mg/dL Weeks 1310 24"
FPG =200 mg/dl. | Weeks 12t0  Weeks 12to | Weeks 1210 Weeks 121024 Weeks 210 Weeks 12to Weeks 1210 | Weeks 810 24 | Weeks 1210
24 24 24 24 20 20 24

a

b

Except metformin
At least 3 fasting SMBG diary measurements from the

Souree: Protocols for MB102013, MB102032, MB102014, DI690CO0005, MB 102030, D1690C0O0006, D1690C00004

past 7 days or visit measurement

Source Applicant’s SCE Appendix A2.5.1.1 Table 1

I(e). Demographics

. MB102021, MB 102034, D1690C00012, MB102029

Baseline disease characteristics and demographics for the Phase 3 placebo-controlled
monotherapy and add-on combination therapy trials are summarized in Table 3 and the
same parameters in the Phase 3 active comparator, initial combination with metformin,
body composition and renal impairment trials are shown in Table 4. Generally the
treatment groups were balanced for relevant disease parameters at baseline and




demographic characteristics, so the data shown in the table for each trial are for the
treatment groups combined.

The total number of treated subjects in the Phase 3 trials was 5693, of which 1581
(27.8%) were North American (1104 [19.4%] in the US) and 2361 (41.5%) were
European. The mean age was 56 years; 1212 (21.3%) patients were > 65 years old and
157 (2.8%) patients were > 75 years old. The proportion of males (50.5%) was similar to
the proportion of females (49.5%). Across the trials, 83.7% of the patients were white,
3.4% were black or African American and 10.2% were Asian.

There were few black or African American patients (3.4%) in the entire clinical program.
Hispanic/Latino ethnicity was reported for 11.8% of the subjects, though this information
was requested only from sites in the U.S.

Table 3. Demographic and Baseline Disease Characteristics in the Phase 3 Placebo-controlled Monotherapy and Add-on
combination Trials

Monotherapy Add-on Combination
MB102013 MB102014 D1690COMN05 MB102030 D1690CH006
Group 1 Group 2 MB102032 (metformin) (S (TZD) (Insulin)
Category MN=483 N=T73 MN=282 N=546 N=592 N=420 MN=800
Mean Age (yr) (SD) 52.6(10.74) 481 (10.79)  53.0(1057) | 33.9(9.73) 59.8 (9.60) 53.5 (10.86) 59.3 (8.22)
Age <65 (%) 417 (86.0) 70 (95.9) 240 (85.1) 467 (85.5) 399(67.4) 353 (84.0) 603 (75.4)
=635 Age <75 (%) 64 (13.2) 2(2.7) 38(13.5) 75(13.7) 163 (27.5) 57(13.6) 175(21.9)
Age 275 (%) 4(0.8) 1{1.4) 4(1.4) 4(0.7) 30(5.1) 10(2.4) 22(2.8)
Male n (%): 229 (47.2): 47 (64.4): 141 (50.0): 292 (53.5): 285 (48.1): 208 (49.5): 382(47.8):
Female n (%) 256 (52.8) 26 (35.6) 141 (50.0) 254 (46.5) 307 (51.9) 212 (50.5) 418 (52.3)
Race (%): White 460 (94.8) 69 (94.5) 229 (81.2) 480 (87.9) 411(69.4) 305 (72.6) 760 (95.0)
Black/Afr. Amer. 9(1.9) 1{1.4) 12 (4.3) 17(3.1) 0 22(5.2) 19(2.4)
Asian 10(2.1) 227 38(13.5) 11(2.0) 181 (30.6) T1(16.9) 13(1.6)
Other 6(1.2) 1(1.4) 3(1.1) 3B (7.0) 0 22(5.2) 8(1.0)
Ethnicity (%a): Hispanic 59(12.2) 18(24.7) 9(3.2) 51(9.3) 0 59(14.0) 11(1.4)
Non-hispanic 130 (26.8) 20(27.4) 43 (15.2) 88 (16.1) 592 (100.0) 97 (23.1) T89 (98.6)
Mot reported 296 (61.0) 35(47.9) 230 (81.6) 407 (74.5) 0 264 (62.9) 0
Geographic region (%): MNorth America 244 (50.3) 36(49.3) 94 (33.3) 198 (36.3) 0 188 (44.8) 169 (21.1)
Latin America 171 (35.3) 37(50.7) 79(28.0) 348 (63.7) 0 172 (41.0) 0
Furope 70 (14.4) 0 78(27.7) 0 411(69.4) 0 631 (78.9)
Asia/Pacific 0 0 31(11.0) 0 181 (30.6) 60(14.3) 0
Mean Baseline HbALC (%) (SD) 7.92 (0.943) 10.77 (0.884) 7.92(1.054) .06 (0.916) 8.11 (0.763) 8.38 (0.997) 8.53 (0.819)
Mean Duration of Diabetes (yr) (SD) 1.73 (2.849) 1.97 (2.617) 1.38 (2.518) 6.09 (5.620) 7.40(5.722) 5.49 (5.644) 13.60(7.267)
Mean Baseline weight (kg) (SD) 90.19(20.145)  88.04 (20.994) 8690 (18.557) | 85.89(17.730)  81.10(17.839) 86.33(21.390) 93.80(17.701)
Baseline eGFR <30 mL/min/1.73 m” (%) 0 0 0 0 0 0 0
Baseline eGFR =30 and <60 mL/min/1.73 m*(%) 3164 1(1.4) 13 (4.6) 58(10.6) 63 (10.6) 24(5.7) 130 (16.3)
Baseline eGFR 260 and <90 mL/min/1.73 m*(%) 270 (35.7) 28 (38.4) 153 (54.3) 294 (53.8) 342(57.8) 218 (51.9) 451 (56.4)
Baseline ¢GFR 290 mL/min/1.73 m* (%) 184 (37.9) 44 (60.3) 116(41.1) 194 (35.5) 187(31.6) 178 (42.4) 219(27.4)

Source Applicant’s SCE Table 6



Table 4. Demographic and baseline disease characteristics in the Phase 3 active comparator, initial
metformin combination, body weight / composition and renal impairment trials

Active Comparator| Initial Combination
(with metformin XR)
D1690C00004 MB102021 MB102034 D1690C0O0012 MB102029
Category N=801 Dapa 5 mg Dapa 10 mg Body composition Mod. Renal Impairment
N=398 N=638 N=180 N=252
Mean Age (yr) (SD) 58.4(9.58) 52.009.77) 51.6(10.72) 60.7 (7.49) 67 (8.4)
Age <65 (%) 581 (72.5) 544 (91.0) 563 (88.2) 123 (68.3) 104 (41.3)
265 Age <75 (%) 192 (24.0) 50(8.4) 70(11.0) 57(31.7) 148 (58.7)
Age 275 (%) 28(3.5) 4(0.7) 5(0.8) 0 44(17.5)
Male n (%): 441 (55.1) 265 (44.3): 308 (48.3): 100 (55.6): 164 (65.1):
Female n (%) 360 (44.9) 333 (55.7) 330 (51.7) 80 (44.4) 88 (34.9)
Race (%a): White 630 (81.1) 477 (79.8) 516 (80.9) 180 (100.0) 211(83.7)
Black/Afr. Amer. 50(6.2) 18 (3.00 32(5.0) 0 12(4.8)
Asian 61 (7.6) 100 (16.7) 82(12.9) 0 13(5.2)
Other 40 (5.0 3(0.5) 8(1.3) 0 16(6.3)
Ethnicity™: Hispanic 203 (25.3) 75(12.5) 103 (16.1) 0 7(2.8)
Non-hispanic 598 (74.7) 117 (19.6) 171 (26.8) 180 (100.0) 81(32.1)
Not reported 0 406 (67.9) 364 (57.1) 0 164 (65.1)
Geographic region (%): North America 0 213 (35.6) 294 (46.1) 0 140 (55.6)
Latin America 205(25.6) 136 (22.7) 80(12.5) 0 55(21.8)
Europe 596 (74.4) 154 (25.8) 194 (30.4) 180 (100.0) 29(11.5)
Asia/Pacific 0 95(15.9) 70(11.0) 0 28(11.1)
Mean Baseline HbA1C (%) (SD) 7.72 (0.870) 9.19(1.343) 9.06 (1.280) 7.17(0.489) 8.35(1.110)
Mean Duration of Diabetes (yr) (SD) 6.32 (5.299) 1.61(2.711) 2.03(3.718) 5.77(4.911) 16.94 (9.562)
Mean Baseline weight (kg) (SD) 88.02 (16.645) 85.33 (20.210) 88.08 (19.452) 91.48 (13.894) 92.69 (19.529)
Baseline ¢GFR <30 mL/min/1.73 m® (%) 2(0.2) 1(0.17) 0 0 10 (4.0)
Baseline eGFR = 30 and <60 mL/min/1.73 m? (%) 41 (5.1) 33(5.52) 37(5.8) 6(3.3) 231(91.7)
Baseline eGFR = 60 and <90 mL/min/1.73 m? (%) 379(47.3) 309 (51.67) 343 (53.8) 110(61.1) 11 (4.4) (eGFR =60)
Baseline eGFR 2 90 mL/min/1.73 m® (%) 379 (47.3) 255 (42.64) 258 (404) 64 (35.6) NA

Source: Applican-t-’ s SCE Table 7

I(F).

Disposition

In the Phase 3 trials, 86.5% of patients in all treatment groups completed the short-term

period treatment periods (Table 5). There were more patients in the control groups that

were rescued or discontinued from the trials due to lack of efficacy compared to patients
treated with dapagliflozin. Study D1690C00004, the active comparator trial, with a

longer (52 week) short-term period, did not include rescue criteria during this period.

This trial had a lower completion rate than other trials (79.3% in the dapagliflozin treated
group and 77% in the glipizide treated group).



Table S. Disposition/Rescue in the Phase 3 Trials

No.
Rand Complet D/C for lack of Rescued
Study Treatment Group and Treated n (%) efficacy” n (%) n (%)
Phase 3 placebo-controlled studies
MB102013
Group | QAM dosing
Placebo 75 63 (84.0) 1(1.3) 9(12.0)
Dapa 2.5 mg 65 60 (92.3) 0(0.0) 7(10.8)
Dapa 5 mg 64 52(81.3) 0(0.0) 1(1.6)
Dapa 10 mg 70 57(81.4) 0(0.0) 0(0.0)
Group 1: QPM dosing
Dapa 2.5 mg 67 58 (86.6) 0(0.0) 2(3.0)
Dapa 5 mg 68 57(83.8) 0(0.0) 2(29)
Dapa 10 mg 76 65 (85.5) 0(0.0) 0(0.0)
Group 2 QAM dosing
Dapa 5 mg 34 28 (82.4) 0(0.0) 3(8.8)
Dapa 10 mg 39 34(87.2) 0(0.0) 3(1.7)
MB102032
Placebo 68 65 (95.6) 1(1.5) 13 (19.1)
Dapa 1 mg 72 68 (94.4) 1(1.4) 4(5.6)
Dapa 2.5 mg 74 67 (90.5) 0(0.0) 3(4.1)
Dapa 5 mg 68 63 (92.6) 1(1.5) 3(44)
MB102014
Placebo 137 119 (86.9) 3(22) 22(16.1)
Dapa 2.5 mg 137 121 (88.3) 0(0.0) 5(3.6)
Dapa 5 mg 137 122 (89.1) 1(0.7) 5(3.6)
Dapa 10 mg 135 121 (89.6) 0(0.0) 5(3.7)
D1692C00005
Placebo 146 133 (91.1) 2(1.4) 23(15.8)
Dapa 2.5 mg 154 140 (90.9) 0(0.0) 9(5.8)
Dapa 5 mg 145 132(91.0) 1(0.7) 8(5.5)
Dapa 10 mg 151 141 (93.4) 0(0.0) 3(2.0)
MB102030
Placebo 139 116 (83.5) 3(22) 16 (11.5)
Dapa 5 mg 141 125 (88.7) 0(0.0) 2(14)
Dapa 10 mg 140 126 (90.0) 1(0.7) 5(3.6)
D1690C00006
Placebo 197 168 (85.3) 1 (0.5) 54(274)
Dapa 2.5 mg 202 179 (88.6) 1(0.5) 20 (9.9)
Dapa 5 mg 212 186 (87.7) 0(0.0) 24(11.3)
Dapa 10 mg 196 178 (90.8) 0(0.0) 19(9.7)
D1690C00012
Placebo 91 86 (94.5) 0(0.0) 2(2.2)
Dapa 10 mg 91 83(91.2) 0(0.0) 0(0.0)
MB102029
Placebo 84 63 (75.0) 2(2.4) 13 (15.5)
Dapa 5 mg 83 72 (86.7) 0(0.0) 9(10.8)
Dapa 10 mg 85 69 (81.2) 0(0.0) 2(2.4)
Phase 3 active comparator Add-on combination Study
D1690C00004"
SU (titrated dosing) 408 314 (77.0) 15(3.7) NA
Dapa (titrated dosing) 406 322(79.3) 1(0.2) NA
Phase 3 active comparator Initial Combination Studies
MB102021
Metformin XR 201 171 (85.1) 0(0.0) 26(12.9)
Dapa 5 mg 203 170 (83.7) 1(0.5) 15(7.4)
Dapa 5 mg + Metformin XR 194 177(91.2) 0(0.0) 1(0.5)
MB102034
Metformin XR 208 181 (87.0) 1(0.5) 27(13.0)
Dapa 10 mg 219 188 (85.8) 1 (0.5) 17(7.8)
183 (86.7) 0(0.0) 3(1.4)

Dapa 10 mg + Metformin 211
XR

a  Discontinuation due to lack of efficacy is determined from the glycemic control page of the CRF, or study termination
page for study D1690C00005

Source Applicant’s SCE Table 9



Section Il. Efficacy

lI(a). Analysis Datasets

The dataset for the primary analysis of efficacy in the Phase 3 trials included all
randomized subjects who took at least one dose of double-blind treatment with a non-
missing baseline efficacy value and at least one post-baseline efficacy value. The
applicant used the Last Observation Carried Forward (LOCF) as the primary method for
imputation of missing data for analysis.

[I(b). Primary Endpoint

Please refer to Dr. Jon Norton’s review for a full discussion of efficacy. I will only
highlight a few aspects not covered by Dr. Norton.

For the proposed doses of 5 mg and 10 mg, the placebo-adjusted mean reductions in
HbAlc in the monotherapy and add-on trials were consistently statistically significant
and ranged from -0.4% to -0.8%. It is notable that in these trials, the mean change in
HbAlc in the placebo group over 24 weeks in the majority of these trials (excluding
subjects who required glycemic rescue) ranged from 0 up to -0.4%.

Comparison between dapagliflozin and metformin

For the trials assessing the glycemic effects of the combination of dapagliflozin and
metformin as initial therapy in treatment naive patients (MB102021 and MB102034),
statistical inferential comparisons were made for the combination of dapagliflozin plus
metformin XR up to 2000 mg versus dapagliflozin alone and versus metformin alone. All
were statistically significant and favorable to the dapagliflozin and metformin
combinations as compared to the individual components. For Study MB102021, the mean
difference between dapagliflozin plus metformin treatment and metformin alone was
0.7% (95% CI -0.94, -0.45). For Study MB102034, the mean difference between
dapagliflozin plus metformin and metformin alone was -0.54 (95% CI -0.75, -0.33). As
part of the hierarchical testing strategy for study MB102034, there was a secondary
assessment of non-inferiority for change from baseline in HbAlc at week 24 between
dapagliflozin 10 mg monotherapy and metformin XR monotherapy with doses up to 2000
mg daily (non-inferiority margin of 0.35%). Dapagliflozin 10 mg was found to be non-
inferior to metformin XR in lowering HbAlc (95% CI for difference -0.22 to 0.20).

Comparison between dapagliflozin and glipizide

In the active comparator study, D1690C00004, treatment with either dapagliflozin or
glipizide resulted in a mean reduction of 0.5% in HbA 1c compared to baseline at week
52. Dapagliflozin was non-inferior to glipizide with doses up to 20 mg daily for change in



HbA1c at Week 52 according to predetermined statistical criteria of a non-inferiority
margin = 0.35%, with 95% confidence interval completely below that margin. The mean
difference between the treatment arms was 0.0 (dapagliflozin and glipizide) (95%CI [
0.11,-0.11).

Lack of efficacy in patients with moderate renal impairment

Prior to Phase 3, the applicant conducted a single and multiple dose pharmacokinetic and
pharmacodynamic study in patients with T2DM with normal (estimated GFR > 90
mL/min/1.73 m?), mild (estimated GFR > 60 and < 89 mL/min/1.73 m?), moderate
(estimated GFR > 30 and < 59 mL/min/1.73 m®), and severe renal impairment (estimated
GFR >29 mL/min/1.73 m* and < 15 mL/min/1.73 m*). Following administration of
dapagliflozin 20 mg once daily for 10 days, patients with mild, moderate, or severe renal
impairment had higher steady-state mean dapagliflozin AUC (tau) as compared to T2DM
patients with normal renal function. Despite higher systemic exposures of dapagliflozin
in subjects with moderate and severe renal impairment, the 24-hour glucosuric effect
decreased progressively (Table 6)

Table 6. Effect of degree of renal impairment on PK/PD of dapagliflozin 20 mg daily. Values shown
as % increase or % decrease in geometric mean (GM) compared to patients with normal renal
function

% Increase in GM exposure | % Decrease in cumulative
AUC(tau) at Day 10 of amount of 24-h glucose
dosing compared to patients | excretion at Day 10

with normal renal function | compared to patients with
normal renal function

Normal

Mild 139% 142 %
Moderate 1 100% | 80 %
Severe 1 200% 1 90 %

Source: Dr. Jain’s Clinical Pharmacology review of NDA 202293

As noted by the applicant, glycemic efficacy was not expected in patients with severe
renal impairment and these patients were excluded from the large controlled clinical
trials. A separate study was conducted to specifically evaluate the efficacy and safety of
dapagliflozin compared to placebo in patients with moderate renal impairment, defined as
an eGFR between 30 and 60 mL/min/1.73m?. In this study, the HbA l¢ mean changes
from baseline by week 24 were small in both the dapagliflozin 5 mg and 10 mg treatment
groups, and were not statistically significant.

In what was defined as an ad-hoc analysis, the applicant subdivided moderate renal

impairment into two sub-stages: 3A which defines a group with GFR 45 to 59
mL/min/1.73 m?, and 3B which defines a group with GFR 30 to 44 mL/min/1.73 m’.
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Table 7. HbAlc (%) Placebo Adjusted Mean Change from Baseline for Groups 3A and 3B

Dose Change from Baseline Change from Baseline in
HbAlc (%) in 3A (SE) HbA1lc (%) in 3B (SE)
5mg N=35 N=41
-0.37 (0.23) 0.05 (0.21)
10 mg N=33 N=45
-0.33 (0.24) 0.07 (0.21)

Source CSR ST and LT Appendices 38 and 39

This breakdown of data into subcategories of moderate renal impairment shows that
efficacy decreases with progressive decline in renal function. Although patients in the
subcategory of 3A had a greater placebo-subtracted HbA1c reduction than 3B
subcategory, the mean difference from placebo was not statistically significant. The

mean difference in HbA1c reduction between the dapagliflozin 5 and 10 mg groups

versus placebo in the 3A subcategory was -0.37 (95% CI -0.83, 0.10) and -0.33 (95% CI [
0.80, 0.14), respectively.

In the overall phase 3 program, patients randomized to dapagliflozin who had moderate
or severe renal impairment required glycemic rescue therapy more often and much sooner
than patients with normal renal function. It is important to note that patients with T2DM
are at risk for worsening renal function over the course of their disease. Unlike treatment
with other classes of antidiabetic medications that rely on either insulin secretion or
sensitivity, dapagliflozin’s effect is dependent on GFR and independent of beta cell
function. Therefore, secondary failure of glycemic control with dapagliflozin may
represent deterioration of renal function, rather than beta cell function, and
discontinuation of dapagliflozin (in contrast to the practice of adding drugs of
complementary effects) may be recommended.

Overall efficacy estimates and 95 % CI in Phase 3 trials

Figure 2 presents a forest plot of the primary endpoint in 10 Phase 3 trials. The difference
versus comparator (point estimate and 95% confidence intervals) is displayed. For all but
the active comparator trial and the renal impairment trial, discussed above, the point
estimates do not cross zero.
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Figure 2. HbAlc (%) Adjusted Mean Change from Baseline at end of Short-term Period
Versus Comparator

Stud Dapa vs Day Com Cifference vs Comparator Difference G5% Conf.
Y Comparator N {Dapa—Comp] with %5% Cl vs Comp intérval
MB12013 25mg vs Pla 84 72 | ! : + ‘ -035 [-065, —C.
{(Monotherapy) 5mg vs Pla &8 72 ’ d ' -054 [-D84 . —024
10mg vs Pla 85 72 _ —066 —-0%6 , —0.36)*
MB102032 1mg vs Pla 72 68 & -069  [—102, —037)*
{Monetherapy) 25mg vs Pla 72 68 + -074 [—107 . —041
5mg vs Pla 56 68 * —0B4 —1.17 , —0.50]*
MB1020 1 25mg vs Pla 135 14 ' + -038 [-058, —0.8)*
(Add—on to Met)  5mg vs Pla 133 134 ' * -041 [—061, =021
iomg vs Fla @32 134 - - - -054 [-074, —034)*
DHES0000005 25mg vs Pla 154 143 S A -044 [—061, —0Z7*
(Add—on to SU)  5mg vs Pla 142 143 NI —-049 |—0.6‘.-' \ —ogjlr
) s s B 143 — Z0ee  [—086 —051
MB102030 5mg vs Pla 140 138 ' et —-040 E_O —0.17*
(Add—on to Pig)  10mg vs Fla 140 138 - = . —-0855 [-078 ., —031]*
D1E3CO0006 25mg vs Pla 198 188 — —045 —0859 , —0a1*
(Add—on o Ins)  5mg Vs Pla 210 18 —- -052 [-0 -0
10mg vs Fla 192 188 — —060 —074 , —0.45)*
MB102021 Smg+ Mat vs Met 185 195 ¢ -070 I—aga —0.48]
(Initial Cembce) 5m3+Met vs 5mg 185 196 ® : —086  [—111, —082]
5mg s Met 196 195 ND
e SR R B e 9% (8 e
+Met vs H -0 -0 =0,
(nke U gt o 56 208 O 20D [—0%28 ! 020)
D1690CO0004 10mg vs SU 400 401 a —000  [-011, 011
{SU Active Control)
MB102029 5mg vs Pla 83 82 i - -008  [—037, 020
(Renal Impairment)  10mg vs Fla g2 2 — = —-0.M —040, 0
—15 —1 —05 a 05
Depa Better Comp Better

Source Response to FDA Inquiry May 18, 2011

Trial D1690C00012—Body Weight and Body Composition Study

This trial assess the effect of dapagliflozin on body weight and on body fat mass as
measured by dual energy X-ray absorptiometry (DEXA) and visceral adipose tissue
volume as measured by magnetic resonance imaging (MRI). The change from baseline in
total body weight at 24 weeks was the primary efficacy variable. There were 89 patients
on dapagliflozin 10 mg daily and 91 patients on placebo. The placebo adjusted mean
weight loss at 24 weeks was -2.08 kg (95% CI -2.84, -1.31). At this time, these data are
not being considered for inclusion in the label, if dapagliflozin is approved. These are
insufficient to meet the requirements listed in the Guidance for Industry: Developing
Products for Weight Management.

lI(c). Analyses in Subgroups

Treatment-by-subgroup interaction was an exploratory analysis designed to detect
differential patterns by comparing the effect of dapagliflozin to placebo across T2DM
subpopulations based on demographic and baseline disease characteristics. This testing
was performed in individual trials and the results were also pooled. The renal impairment
study, MB102029 was not included in this testing, while the weight composition study
D1690C000012 was. In addition, D1690C00004, the active comparator study, was also
not included.
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The p-values calculated represent all treatment groups in the primary analysis of each
trial, except for the initial combination trials, where only the combination and metformin
arms are included in the test (Table 8). In the pooled analyses, only the dapagliflozin 2.5
mg, 5 mg, 10 mg and placebo groups are included. The numbers in bold indicate those
treatment-by-subgroup interactions with a p-value<0.1, a threshold traditionally used for
this purpose. In the pooled analyses, the most notable interactions are between treatment
and baseline HbA1c (a finding common to many antidiabetic drugs) and between
treatment and baseline eGFR (conceivably due to the mechanism of action of
dapagliflozin).

Table 8. Treatment by Subgroup Interaction P-values for HbAlc (%) Change From Baseline at Week 24

Weight and | Number of

Monotherapy, Initial combination with Body studies

placebo-controlled Add-on Combination, placebo-controlled metformin XR Composition |  where
Background: Metformi SU TZD Insuli Metformin || P<0-10 for | Pooled
Ackground: MMettormin - A nsulin ettormin inler-]wtiun il‘llel‘-
Study MEB102013  MB102032 | ME102014  DI6SYOCO0N05S  MB102030  DIGYOCOD006 | MBI02021 | MB102034 | DI690C00012 test action
Baseline HbAlc" 0.1919 <0.0001 0.0681 0.2546 0.0001 0.0023 =<0.0001 0.5332 0.3710 5 =<0.0001
Baseline eGFR" 0.9355 0.7067 0.8912 0.0115 0.0571 0.0819 0.3080 0.5644 0.5139 3 0.0148
Age ND ND 0.0140 09166 0.0484 0.8512 0.6929 0.5185 0.5322 2 0.0538
Gender 0.6178 0.2881 0.5373 0.9164 0.6790 0.4030 0.7246 0.7115 0.0005 1 0.4563
Ethnicity ND ND 0.8359 ND 0.0374 ND 0.2637 0.1950 ND 1 0.9616
Female age ND 053279 0.6413 ND 0.2451 0.2920 0.5167 0.6984 NA 0 0.0911
Region 0.2323 0.8739 0.5624 0.4089 0.9465 0.1612 0.1218 0.7105 ND 0 0.1320
Race ND ND ND 0.4089 0.7998 ND 0.5028 0.8521 ND 0 0.5502
Baseline BMI ND ND 0.9481 0.9041 0.1975 0.1234 0.3757 0.1673 0.8587 0 0.7100
Duration of T2DM ND ND 0.7275 0.7160 0.7189 0.7530 0.9001 0.3603 0.2285 0 0.9780

Source Applicant’s SCE Table 6

Section lll. Major Safety Issues

lli(a). Analysis Datasets

There are two major safety pools discussed for the safety events in this briefing. One is
the All Phase 2b and 3 trials (Group 1 in Table 9) including both the short and long term
extension phase of the trials. The other pool is the Placebo-controlled pool with both a
short-term and a short plus long-term treatment period (Group 2 in Table 9).
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Table 9. Major Safety Pools

Treatment
Population Period Studies Treatment Groups
1. All Phase 2band 3  ST+LT MB102008  Dapagliflozin 2.5 mg
Studies Pool MB102009 Dapagliflozin 5 mg
MB102013 Dapagliflozin 10 mg
Da(;anr(l)m a]ll Phaase 3b MB102014 Control (placebo with or without background
zgm;‘ol:l)l:gin?(-ﬁ?s. a;::{f MB102021 medications or active control including
A .ulhf:r : MB102029  benchmark treatments)
background antidiabetic iﬂ'}:; :838:‘;3 A total dapaghflozin treatment group includes
medications, were MBI 050'.; 4 all subjects who received either dapagliflozin
pooled and analyzed. DI GQOCOC;DO 4 2.5, 5, or 10 mg as defined above plus
D1690C00005 dapagliflozin 20 mg and 50 mg. Safety tables
D1692C00005 (ij(:r thlls go.o_l are Fresented with total
D1690C00006 ipagliflozin only.
D1690C00012
2. Placebo-controlled ST MB102008 Dapagliflozin 2.5 mg
Pool MB102009  Dapagliflozin 5 mg (including Dapagliflozin
Data f laceb MB102013 plus metformin from MB102021)
-8 i‘ ﬁ’“‘} 1?1 “j_" 0 ot MB102014  Dapagliflozin 10 mg (including Dapagliflozin
con “L‘h e Lf‘ ::1 165, Wi MB102021  plus metformin from MB102034)
gr ‘I{] ou é‘ ctr diabeti MB102030 Control (placebo with or without background
nf: dii?}!orllls a:r:: 1abetic MB102032 medications, and for MB102021 or
ooled and analvzed MB102034  MB102034, placebo plus metformin)
pooied fnd anatyzed. D1690C00005 o _
D1692C A total dapagliflozin treatment group includes
H92C00005 . . . . -
. all subjects who received dapagliflozin 2.5, 5,
D1690C00006 - i . .
D1690C00012  °F 10 mg (as defined above) plus dapagliflozin
20 mg (MB102008 and Cohort 2 of
MB102009) and dapagliflozin 50 mg
(MB102008).
ST+LT MB102013 Dapaghflozin 2.5 mg
MB102014 Dapaghflozin 5 mg
MB102030 Dapagliflozin 10 mg
D1690C00005  Control (placebo with or without background
D1690C00006 medications)

A total dapaghflozin treatment group includes
all subjects who recerved dapaglhiflozin 2.5, 5,
or 10 mg.

Source Applicant’s SCE Table 3

[lI(b). Bladder Cancer

An imbalance in bladder cancer cases was noted in the All Phase 2b and 3 Pool and
reported with the Four Month Safety Update (4MSU), when the safety pool consisted of
4310 subjects with 4354 patient-years of exposure treated with at least 1 dose of
dapagliflozin 2.5 mg or higher. A total of 1962 subjects with 1899 patient-years of
exposure were treated with placebo/comparator. At the cutoff date designated for the
4MSU, there were a total of 7 (0.2%) cases of bladder cancer in dapagliflozin-treated
patients versus 0 subjects treated with control (Table 10). Three additional cases were
reported about one month later via dapagliflozin Investigational New Drug Safety
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Reports. Two of these cases were in dapagliflozin-treated patients, and one was in a
placebo-treated patient. This can be extrapolated to 207 cases per 100,000 person year
exposure in dapagliflozin treated patients versus 53 cases per 100,000 person year
exposure in control.

For a full discussion of bladder cancer in patients with T2DM compared to that seen and
expected in the dapagliflozin clinical program, please refer to the review prepared by Dr.
Christian Hampp, from the Office of Surveillance and Epidemiology.

This subsection will describe the patients with reported bladder cancer in the
dapagliflozin development program.

All 7 subjects reported with the 4MSU with bladder cancer were male; all were > 60
years of age and all received dapagliflozin: 1, 3, and 3 in the 2.5, 5, and 10 mg groups,
respectively (1 subject in the 10 mg group had his dapagliflozin dose titrated from 2.5 to
5 to 10 mg). The 7 events of bladder cancer in subjects receiving dapagliflozin were
reported within 2 years of beginning dapagliflozin treatment, with a median time for
appearance of 399 days, ranging from 43 to 727 days.

The 7 subjects were from 7 different countries across 4 continents. Six of the 7 subjects
with bladder cancer received concomitant antidiabetic medication: insulin (3 subjects),
metformin (2 subjects), and pioglitazone (1 subject taking pioglitazone 45 mg for 3
years). Five of the subjects with bladder cancer were either current or former smokers.
Microscopic hematuria was noted in 3 of the 7 subjects (prior to taking the first dose of
dapagliflozin) and 1 additional subject had trace hematuria before or at randomization.
One patient in Table 10, MB102-030 90-880, had a family history of bladder cancer.
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Table 10. Patients with Bladder Cancer in the Dapagliflozin All Phase 2b and 3 Pool

Diagnosis  Action Microscopic  Relevant Medical
Subject No. Study Preferred Study (Study  Smoking Hematuria History/AEs
Age/Sex/Race  Country Drugs Term Day Drugs)  History (Y/N)" Histology
D1692C00005 Japan Dapa 2.5 Bladder 43 Disc Former Yes AE: Occult blood Papillary and broad
-1-11 mg cancer smoker, (2+) positive onset Day base elevated lesion
75/male/Asian 20 36 from neck to trigone of
cigarettes/ the bladder, Urinary
day for 50 cytology results
years revealed Class IV
malignant cells
D1690C00006 Austria Dapa 5 Bladder 393 MNone  Current No AEs: Benign Urothelial carcinoma
-1004-6 mg + cancer smoker, (Negative)  prostatic hyperplasia  pTa G2, noninvasive
63/male/white insulin 40 Day 136, AE:
cigarettes/ Bladder neoplasm
d Day 358
MB102014- Canada Dapa 5 Bladder 512 None  Former Yes AE: Calculus Location: Right ureteric
34-524 mg + transitional smoker, (2+) ureteric Day 509 orifice, Growth pattern:
60/male/white metformin cell 25 Papillary, Histological
carcinoma cigarettes/ type: transitional, TNM
dfor23y, classification: pTa,
stopped pNo, Mo., Grade/Stage:
1989 Stage 0
MB102030- Argentina Dapa 5 Squamous 144 Disc Never No AEs: Genital Location: fundus,
90-880 mg + pio- cell smoked (trace) candidiasis Day 19, Growth pattern: nests
67/male/white glitazone carcinoma UTI Day 84, Urinary  and cards, Histological
symptoms: urgency,  type: squamous, TNM
pollakiuria, AEs: classification: unknown
Haematuria Day Grade/Stage: unknown
130, Urinary bladder
polyp Day 144
D1690CO0004  Germany Dapa 10 Bladder 727 None  Former No AE: Benign prostatic  Papillary, submucosal,
-4916-2 mgb ; transitional smoker, (Negative)  hyperplasia Day 727 stroma-invasive
76/male/white metformin cell 20 pack urothelial car_cinoma.
carcinoma years until high-grade (formerly
1980 G3) with partial
squamous cell
differentiation
D1690C0O0006  Hungary Dapa 10 Bladder 399 MNone  Mever Yes AE: Haematuria Day  Carcinoma transitional
-1501-6 mg+ transitional smoked (3+) 372 grade 11 of the urinary
67/male/white insulin cell bladder
carcinoma
stage 11
D1690C00006  United Dapa 10 Bladder 581 None  Former No AE: Haematuria Day ~ Non-invasive low grade
-2206-14 States mg+ transitional smoker (Negative) 577 papillary urothelial
66/male/white insulin C_e” 30 ) carcinoma.
carcinoma cigarettes/
dford42y,
stopped
2001

a . . .
Highest value before or at randomization.

b : . . " . % = 2
The dapaglifiozin dose for this subject was up-titrated from 2.5 to 5 to 10 mg. At the time of event, the dose was 10 mg.
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Source Applicant’s 4MSU Table 10

One of the additional cases reported after the 4MSU (was blinded in the 4MSU) was in a
49 year old white male in an ongoing study, D1690C00018. He had a history of renal
stones and hematuria several years prior to trial initiation. After approximately 10 weeks
of treatment with dapagliflozin 10 mg, he was diagnosed with non-invasive low-grade

papillary urothelial carcinoma of the urinary bladder (grade 2). There was no history

noted of smoking.

The other case recently reported was in the same trial referenced above. This case was in
a 56 year old man who was treated with dapagliflozin 10 mg for six months. There was
no smoking or hematuria at baseline noted. The patient had three months of intermittent
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hematuria prior to diagnosis. Post surgical diagnosis was papillary urothelial carcinoma,
low grade (papillary transitional cell carcinoma, grade 1).

The applicant has explored possible explanations for the bladder cancer imbalance,
including the summary of baseline risk factors in the cases summarized above. However,
the baseline characteristics of risk factors for bladder cancer in the dapagliflozin-treated
patients and the control group were similar (Table 11), reducing the likelihood that any
such imbalance of risk might have contributed to the numerically higher number of cases
observed with dapagliflozin.

Table 11. Bladder Cancer Risk Factor Summary Phase 2b and 3 Pool, Treated Subjects

DAPA TOTAL All CONTROL
W=4310 H=1962

HEMATURIA AT BASELINE
SUBJECTS WITH AT LEAST ONE URINE DIPSTICK PRICR TO 387 { 9.0) 176 { 9.0)
RECEIVING STUDY DRUG SHOWING 1+, 2+, 3+ CR
GREATER BICCD

SMOKING STATUS (%)
NEVER

2589 (60.1) 1172 (59.7)

CURRENT 711 (16.5) 318 (16.2)

FORMER 1007 (23.4) 472 (24.1)

UNKNOWN 3(0.1) 0 {0.0)
GENDER

MALE 2192 (50.9) 1033 (52.7)

FEMALE 2118 (49.1) 929 (47.3)
RACE

VHITE 3486 (80.9) 1591 (81.1)

BLACK/AFRICAN AMERICAN 158 ( 3.7) 73 ( 3.7)

ASIEN 558 (12.9) 242 (12.3)

CTHER 108 { 2.5) 56 ( 2.9)
HISTORY OF CHRONIC CYSTITIS 4 (0.1) 5 (0.3)
USE OF CYCLOPHOSPHRMIDE 0 0

Source Response to FDA Information Request May 20, 2011

A nonclinical finding of carcinogenicity could not be identified as discussed by both the
applicant and summarized by FDA’s pharmacology/toxicology review staff.

Several studies have reported a higher risk of bladder cancer in patients with T2DM
compared to the general population. In the clinical development programs of several
recently approved anti-diabetics, no cases of bladder cancer was identified in saxagliptin
and liraglutide NDAs and three cases were identified in linagliptin-treated patients versus
none in control.

It is possible that the mechanism of action of dapagliflozin and related genito-urinary
adverse effects in dapagliflozin-treated patients due to glucosuria may contribute to a
detection bias. For example, more frequent assessments of urinalysis in the dapagliflozin
group might result in post-baseline detection of hematuria requiring further work-up and
higher rate of cancer diagnosis than control group which might not have received as
extensive monitoring. In this regard, it is interesting to note that concerns of bladder
cancer associated with pioglitazone use arose during pre-marketing development due to
nonclinical findings of bladder cancer in male rodents. This led to a prospective
assessment of urine cytology in approximately 1800 patients in clinical trials up to one
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year duration. Despite similar active surveillance for bladder cancer in pioglitazone and
control groups, no clinical cases were detected premarketing. Imbalance of clinical
bladder cancer risk with pioglitazone was not observed until after approval, as recently
described in the media and by several regulatory agencies, including FDA.

lli(c). Breast Cancer

The initial NDA submission reported nine (0.2% of the total population, 0.4% of the
female population) patients in the dapagliflozin group and none in the control with breast
cancer. These cases were found in the All Phase 2b and 3 Pool; however one of these
cases was in the long-term period of Study D1690C0012 (the body weight/ composition
trial) which was not part of the All Phase 2b and 3 Pool, due to report cutoff date. At that
time, the exposure for the All Phase 2b and 3 Pool was a total of 4287 patients treated
with dapagliflozin and a total of 1941 patients treated with placebo or control. This
exposure was calculated to be 4009 patient-years and 1682 patient-years in control. The
breast cancer incidence can be extrapolated to 224.5 cases per 100,000 person years.

For a full discussion of breast cancer incidence in the T2DM population and that reported
in the dapagliflozin clinical program, please refer to the breast cancer review prepared by
Dr. Julia Ju, from the Office of Surveillance and Epidemiology.

This subsection will describe the patients with reported breast cancer in the dapagliflozin
development program.

Two of the nine subjects were diagnosed within six weeks of initiation of dapagliflozin
treatment. The treatment duration (< 1 year) in these trials is shorter than the average of
more than 5 years of exposure suggested as sufficient for detection of breast cancer.
Seven of the nine subjects were > 60 years of age.

The breast cancer cases are summarized in Table 12.
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Table 12. Breast Cancer Cases in the Dapagliflozin Clinical Program

Subject Number

Age/Sex/Race

Diagnosis
(Study Day)

Weight Change
at Diagnosis (kg)

Histological
Grade/Stage/

Histologic Typeal

Dapagliflozin 2.5 mg

MB102013-33-261

74/Female/White

321

-2.5

Stage 1, grade 2
ductal carcinoma

D1690C00006-1403-2

63/Female/White

-1.1

Grade 2. invasive
ductal Net
provided

D1690C00006-1803-7

58/Female/White

292

+1.0

Not provided
Grade 2 breast

€ancer

Dapagliflozin S mg

MB102021-59-482

53/Female/White

39

-1.2

Not provided
Grade 3-intraductal

caFSHIOmE

Dapagliflozin 10 mg

D1690C00004-4405 -20b

60/Female/White

193

Grade 1 ductal
carcinoma

MB102014-50-151

64/Female/White

285

Grade is reported
as high. Grade 3

adenocarcinoma

D1690C00005-4012-46

69/Female/Asian

334

Not provided
Grade1

D1690C00006-1005-18

61/Female/White

204

Grade 2
multifocal.
mvasive, lobular
carcinoma Net

provided

D1690C00012-202-4

64/Female/White

211

Grade 2-3, mvasive
ductal carcinoma
with TNM
classification of

PTlc. pN1MO

? Provided when biopsy information was available.

b . . . . . -
The dapagliflozin dose for this subject was up-titrated from 2.5 to 5 to 10 mg.

Source Applicant’s SCS Erratum Submission Table 36

Breast cancer risk factors at baseline were similar between the dapagliflozin treated
patients and the control patients (Table 13).
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Table 13. Baseline Breast Cancer Risk Factor Summary Phase 2b and 3 Pool, Treated Subjects

DAPA TOTAL ALL CONTROL
N=2110 N=922
BODY MASS INCEX (KG/M2)
N 2110 922
MEAN 32.24 32.17
MEDIAN 32.00 31.90
MIN , MAX 16.90 , 48.40 17.50 , 45,20
ol , Q3 28.10 , 36.20 28.00 , 36.20
STANDARD DEVIATICN 5.643 5.794
BCDY MASS INDEX CATEGORIZATION (%)
< 30 KG/M2 768 (36.4) 351 (38.1)
>= 30 KG/M2 1342 (63.6) 571 (61.9)
NOT REPORTED 0 0
AGE CATEGORIZATION (%)
<=50 YEARS 576 (27.3) 256 (27.8)
>50 YEARS 1534 (72.7) 666 (72.2)
< 45 271 (12.8) 128 (13.9)
>= 45 - < 55 589 (27.9) 248 (26.9)
>= 55 - < 65 823 (39.0) 320 (34.7)
>= 65 - < 75 376 (17.8) 194 (21.0)
>= 75 51  (2.4) 32 (3.5)
NOT REPCRTED 0 0
BODY MASS INDEX AND AGE CATEGCRIZATION (%)
>=30 KG/M2 AND >50 YEARS 940 (44.5) 409 (44.4)
ALCCHOL CONSUMPTION AT BASELINE (%)
YES 654 (31.0) 273  (29.6)
NO 1456 (69.0) 649 (70.4)
NOT REPORTED 0 0
TORACO USE AT BASELINE (%)
NEVER 1608 (76.2) 713 (77.3)
CURRENT 235 (11.1) 88 (9.5)
FORMER 267 (12.7) 121 (13.1)
UNKNOWN 0 0
PRE-RANDCMIZATION USE OF OESTROGEN MEDICATION
YES 79 (3.7) 45  (4.9)
NO 2031 (96.3) 877 (95.1)
NOT REPORTED 0 0

Source Response to FDA Information Request May 18, 2011

[1I(d). Hepatic Events

Marked Elevations in Liver Enzymes

Please refer to the Office of Surveillance and Epidemiology review of the hepatic data
related to dapagliflozin.

Liver-related tests were monitored during the dapagliflozin development program.
Investigators completed supplemental CRFs for events of increased liver tests (aspartate
aminotransferase [AST] or alanine aminotransferase [ALT] > 3x upper limit of normal
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[ULNY]). Patients with clinical liver disease and elevated hepatic parameters were
excluded from the clinical studies.

Elevations of 3x, 5x, 10x and 20x in liver aminotransferases across the largest safety
pool, the Phase 2b and 3 pool, display similar rates between dapagliflozin and control
groups (Table 14). Review of these individual patient cases revealed likely etiology in
dapagliflozin-treated patients with marked elevations. The patients in whom causality
assessment was questionable will be discussed below.

Table 14. Marked Liver Enzyme Elevations in the Phase 2b and 3 Pool

X/N# (Percent)
DAPR TOTAL ALL CONTROL
N = 4287 N = 1941
TOTAL SUBJECTS WITH ELEVATED LIVER TESTS 206/4258 ( 4.8) 85/1922 ( 4.4)
BST ELEVATION
> 3 ULN 38/4258 ( 0.9) 16/1922 ( 0.8)
> 5X ULN 11/4258 ( 0.3) B/1922 ( 0.4)
> 10X ULN 5/4258 ( 0.1) 3/1922 (1 0.2)
> 20X ULN 474258 ( 0.1) 0/1922
ALT EIEVATION
> 3¥X ULN 61/4258 ( 1.4) 28/1%22 ( 1.5)
> 56X ULN 17/4258 ( 0.4) 9/1922 ( 0.5)
> 10X ULN 4/4258 ( 0.1) 3/1922 ( 0.2)
> 20X ULN 2/4258 ( <0.1) 1/1922 ( 0.1)
AST OR ALT ELEVATICN
> 3¥ ULN 73/4258 ( 1.7) 33/19z22 ( 1.7)
> 5¥ ULN 19/4258 ( 0.4) 12/1922 ( 0.6)
> 10 ULN 5/4258 ( 0.1) 5/1922 ( 0.3)
> 20 ULN 4/4258 ( 0.1) 1/1922 ( 0.1)
TOTAL BILIRUEIN ELEVATION
> 1.5¥ ULN 55/4258 ( 1.3) 18/1921 0.9)
> 2¥X ULN 18/4258 ( 0.4) 5/1921 0.3)
AST OR ALT (AT) AND TOTAL BILIRUBIN (TBL) ELEVATION
(AST > 3X ULN OR ALT > 3X ULN) AND 8/4258 ( 0.2) 4/1921 0.2)
(TBL > 1.5X ULN WITHIN 14 DAYS ON CR AFTER AT ELEVATICN)
(AST > 3¥ ULN OR ALT > 3X ULN) AND 5/4258 ( 0.1) 3/1921 0.2)
(TBL > 2¥ ULN WITHIN 14 DAYS ON CR AFTER AT EIEVATION)
(AST > 3X ULN OR ALT > 3X ULN) BND { (TBL > 2X ULN AND NO ALF >= 2X ULN) 3/4258 ( 0.1) 2/1921 0.1)
WITHIN 14 DAYS ON CR AFTER AT ELEVATICN}
ALP EIEVATICON
> 1.5X ULN 105/4258 ( 2.5) 45/1922 2.5)
> 3¥ ULN 6/4258 ( 0.1) 471922 0.2)

Source Applicant’s SCS Table 84

Possible Drug Induced Liver Injury (DILI)

The applicant had a blinded adjudication process for liver abnormalities. Criteria for
referral to the adjudication panel were:
e AST and/or ALT > 3X upper limit of normal (ULN) and total bilirubin (TB) >
1.5X ULN (within 14 days of the AST and/or ALT elevation)
e AST and/or ALT > 5X ULN
e Liver-related serious or non-serious standardized MedDRA queries (SMQ)
adverse event (SAE or AE, respectively) in subjects who prematurely
discontinued study treatment due to any SAE/AE
e Liver-related SMQ SAE or AE in any subjects who died
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Cases for adjudication were identified through a search of all reported AEs using liver-
related SMQs. Laboratory abnormalities were also reviewed for possible adjudication
referral. There were three hepatologists on the adjudication committee, blinded to
treatment assignment, and each submitted an opinion regarding probability of drug
induced liver injury. This was followed by a consensus agreement on each case. The
cases adjudicated were from the All Phase 2b and 3 pool. For the majority of the trials,
the events were adjudicated retrospectively.

Based on the above criteria, 54 cases from these trials were referred for adjudication. Of
these 54 cases, 35 were treated with dapagliflozin, 17 with either placebo or a comparator
drug, and 2 were from blinded ongoing studies. The proportion of patients reported was
similar between the groups, considering the differences in exposure. No case was
assessed as definitely or highly likely associated with the blinded drug treatment. The two
cases of liver-related events that were deemed “probable” by this panel were patients
randomized to the control group. There were nine cases that were determined as
“possibly” related to study medication in patients that were on dapagliflozin and five in
the control group. There is one case that remains blinded.

There were a total of five cases in the Phase 2b and 3 Pool that met laboratory criteria for
Hy’s Law (AST or ALT greater than 3x the Upper Limit of Normal [ULN] in addition to
elevation of total bilirubin greater than 2x ULN)).

e Two of these cases had clear etiology other than drug induced liver damage, and thus
do not meet the definition of Hy’s Law;

e A third patient had dapagliflozin discontinued due to liver enzyme elevations.
Subsequently, it was restarted and the patient had no elevation of liver enzymes or
other liver related complications (negative re-challenge).

e Thus the remaining two of these cases remain suspicious for drug-induced liver
injury. The blinded hepatic adjudication panel established by the applicant had
deemed these two cases “possible.”

The Office of Surveillance and Epidemiology was consulted on these and other cases.
They determined Case One as “probable” and Case Two below as “difficult to establish
etiology”. All three of these cases are described below. The five cases of marked AST
and/ or ALT elevations (defined as >10x the ULN) are also summarized below.

Summaries for these cases are as follows:

Patient Identification D1690C00004-4402-6 - Case One, Possible DILI

The patient was a 78 year old man from India with T2DM, coronary artery disease,
hypertension, dyslipidemia and benign prostatic hypertrophy. He received the study drug
plus metformin. Concomitant drugs included atorvastatin, cromolyn, lecarnlidipine,
atenolol, parendopril, naproxen, acetylsalicylic acid and some herbal products. The
patient is a C282Y/H63D compound heterozygote for hemochromatosis. Although the
patient had a slight increase in ALT on study day 1 (not shown in the table below), ALT
increased from baseline at study day 85. By study day 196, the patient had complaints of
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dark urine and stool along with upper abdominal discomfort. He was noted to have a
“tinge of jaundice”.

Of note, dapagliflozin was discontinued on day 192. The elevated aminotransferases and
bilirubin started to decrease by day 213. Review of a liver biopsy led the treating
physicians to a suspicion of autoimmune hepatitis and prednisone was started on day 349;
at that point, the serum aminotransferases and bilirubin concentrations had already
decreased considerably. The timing of the therapeutic intervention with regard to the
oscillation of liver tests suggests a drug induced liver injury diagnosis as opposed to
autoimmune hepatitis.

Liver Enzymes were as follows:

Date Day ALT(U/L) AST (UL) ALP(U/L) Bilirubin (mg/q
23-Aug-2008° 85 62
4-Oct-2008° 127 117 72
29-Nov-2008° 183 1204 825 103 0.7
5-Dec-2008° 189 1498 853 117 1.2
Study drug stopped 8-Dec-2008
9-Dec-2008° 193 1748 1060 120 25
16-Dec-2008° 200 1858 128 4.2
29-Dec-2008° 213 805 374 133 2.4
12-Jan 2009° 227 431 98 1.8
3-Feb-2009° 249 729 149 2.1
4-Mar-2009° 278 439 162 1.1
27-Mar-2009° 301 524 216 1.1
28-Apr-2009° 333 498 302 1.5
28-May-2009° 363 166
16-Jun-2009 ° 382 77 354 0.8
7-Jul-2009° 403 80 267 0.8
13-Aug-2009b 440 54 156 0.6
2-Nov-2009° 521 50 95 0.5
10-Feb-2010° 621 64 71 0.5
a Central lab ref. ranges: ALT:6-48 U/L, AST: 10-45 U/L, ALP: 45-145 U/L, Bilirubin: 0.2-1.2 mg/dL
b Local lab ref-ranges: ALT: 10-50 U/L, ALP 30-120 U/L, Bilirubin 0.2-1.5 mg/dL

Source Applicant’s Case Narrative Hepatic Adjudication Report

Serologic markers for autoimmune hepatitis were negative, although the liver biopsy had
some suggestive features of autoimmune hepatitis with acute necroinflamation and
interface hepatitis. In addition, the patient had an elevated IgG 22.4 g/L (reference range
5.3-16.5), IgA 8.93 g/L (0.80-4.00) IgM 2.90 g/L (reference range 0.50-2.00) on day 357.
CMV IgG and EBV IgG were both positive implying past infection and the patient had
increased transferrin levels. Anti-Hepatitis C was non-reactive at enrollment (07-May-
2008). There were no subsequent tests for Hepatitis C. The summary of the tests that
were done: HBsAg: Negative; HBcAb: Negative; Hepatitis A IgM: Negative; Hepatitis E
IgM and IgG: Negative; CMV IgM: Negative; CMV IgG and EBV Nuclear Antigen IgG:
both Positive.
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Patient Identification D1690C00005-6013-3 Case Two— Difficult to Establish
etiology

This was an 83 year old white man who was randomized to dapagliflozin and also took
glipizide. Concomitant drugs include albendazole, pantoprazole, and nutritional
supplements that included St John’s Wort and fern. The patient had a history of
choledocholithiasis together with obstructive jaundice requiring hospitalization for
papillotomy; cholecystectomy was recommended but patient refused.

Treatment with dapagliflozin was started nine months later and subsequently the patient
then developed two episodes of liver dysfunction. The first began on day 85 lasting
presumably to day 93. Albendazole started on or after day 90. Values returned to normal
despite continued use of study drug. The second episode began on day 141, at which time
the drug was discontinued. This lasted to day 148 when the values peaked: ALT 271 U/L,
bilirubin 2.7 mg/dL. The values gradually returned to normal. The patient did not have
symptoms during the abnormalities and the presence or absence of fever is not reported.
An ultrasound showed cholecystolithiasis but no evidence of dilated biliary ducts. The
patient did report taking St Johns Wort and fern before each episode of abnormality.
Liver enzymes were as follows:

Study Day Total
of Lab AT AST ATP Bilirubin
Assessment (U/L) (U/L) (U/L) (mg/dL)
-9 28 18 85 0.5
1 29 19 gé 0.6
29 29 19 75 0.5
57 23 20 83 0.5
85 178% el 236% 1.5
93 206# 138%# 273% 1.5
113 28 25 101 0.8
141 210%# 123 128 2.3¢%
148 271%% 125 126 2.7%%
162 95 35 115 1.8
176 €3 32 152 1.2
484 18.6 18.2 0.e8

There was no report of abdominal pain in this patient. However, an ultrasound performed
10 days after discontinuation of dapagliflozin showed cholecystolithiasis with
hyperechogenic and thickened wall of the gallbladder and no distension of common bile
duct. Both episodes of aminotransferase and bilirubin elevations during the study were
accompanied by increases in alkaline phosphatase, consistent with biliary obstruction.

The following tests were performed: HEPATITIS B CORE AB, IgM: NONREACTIVE,
ANTI-HCV: NONREACTIVE, HBsAg SCREEN w/CONFIRMATION:
NONREACTIVE
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Patient Identification D1690C00005-2003-3 (>10x ULN for AST and ALT)

This was a 70 year old white female. On study day 225, ALT 511 U/L (ref. range 6-37),
AST 940 U/L (ref. range 10-36), ALP 139 U/L (ref. range 40 - 100 TU/L) and bilirubin
1.5 mg/dL (ref. range 0.2-1.2) were recorded. The patient had no symptoms or physical
findings and no risk factors for elevated liver enzymes. Hepatitis serology on study day
232 and on study day 240 was negative. Study medication was temporarily stopped for
two weeks (Study day 228 to 245). After study medication was resumed the liver tests
remained normal and the subject completed 48 weeks treatment according to the study
protocol. There was no imaging performed.

Patient Identification D1690C00004-3104-4 (>10x ULN for AST and ALT)

This was a 63 year old white male who passed away from hepatic failure. He had
received two weeks of dapagliflozin before developing hyponatremia and subsequently
requiring hospitalization. Study treatment was discontinued and the patient continued to
worsen; he died of fulminant hepatic failure. On autopsy, he was found to have primary
small cell lung cancer with massive metastasis in the liver.

Patient Identification D1690C00005-7002-4 (>10x ULN for AST and ALT)

This was a 60 year old Asian female with stone in the common bile duct diagnosed on
day 333 of the trial.

Patient Identification MB102030-90-706 (>10x ULN for AST and ALT)

This was a 60 year old white female with enzyme elevations concurrent with a diagnosis
of cholelithiasis on day 345 of trial.

Patient Identification D1690C00006-1511-6 (>10x ULN AST only)

This was a 61 year old white female with enzyme elevations and abdominal pain. The
ultrasound on study day 209 showed cholelithiasis and hepatic steatosis. She underwent
laparoscopic cholecystectomy on study day 217.

Other Information on Liver Tests

Of note, the mean changes from baseline in the short-term placebo-controlled pool for
AST and ALT showed a small mean decrease in dapagliflozin-treated patients. There was
a slight elevation in mean change of total bilirubin from baseline in this group.
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Table 15 Mean (SD) Change from Baseline for Liver Tests, Short-term Placebo Controlled Pool

Treatment Aspartate Alanine Bilirubin
Aminotransferase Aminotransferase (mg/dL)
(U/L) (U/L)

Dapagliflozin -1.985 (10.32) -3.994 (15.09) 0.015 (0.195)

Placebo -1.096 (9.602) -1.703 (17.96) -0.011 (0.20)

These changes seen in AST, ALT and bilirubin are not clinically significant.

[li(e). Genital Infections

Prespecified Preferred Terms (PTs) were used to identify genital infections. This list was
referred to as events suggestive of genital infection. Some of these clearly indicate a
candidal infection. Some terms (e.g., pruritus) are nonspecific and could have been due to
other causes, such as chemical irritation.

In the short-term treated pool, the number of infections was higher in both the 5 and 10
mg groups compared with the 2.5 mg group and placebo (Table 16). In all treatment
groups, events suggestive of genital infection were more common in females than males.
In general, most events responded to treatment, resolved and were not recurrent. Few of
these patients had events leading to discontinuation of study drug.

Table 16 Genital Infections in the Short-term Placebo Controlled Pool

PLA DAPA 2.5MG DAPA SMG DAPA 10MG DAPA TOTAL

Preferred Term (%) N = 1393 N = 814 N = 1145 N o= 1193 N = 3291
TOTAL SUBJECTS WITH AN EVENT 29 ( 2.1) 47 ( 5.8) 80 ( 7.0) 83 ( 7.0) 223 ( 6.8)
VULVOVAGINAL MYCOTIC INFECTION 5 ( 0.4) 8 ( 1.0) 13 ( 1.1) 20 ( 1.7) 45 ( 1.4)
PRURITUS GENITAL 7 ( 0.5) 7 ( 0.9) 7 ( 0.6) 15 ( 1.3) 28 ( 0.9)
VAGINAL INFECTION 1 ( 0.1) & ( 0.7) 14 ( 1.2) 10 ( 0.8) 33 ( 1.0)
VULVOVAGINAL PRURITUS 6 ( 0.4) 5 ( 0.6) 11 ( 1.0) 9 ( 0.8) 26 { 0.8)
BALANITIS 1 ( 0.1) 4 ( 0.5) 7 ( 0.6) 7 ( 0.6) 18 ( 0.5)
GENITAL INFECTION FUNGAL 1 ¢ 0.1) 6 ( 0.7) 7 ( 0.8) 6 ( 0.5) 20 { 0.6)
VULVOVAGINAL CANDIDIASIS 1 ( 0.1) 3( 0.4) 10 { 0.9) 4 ( 0.3) 18 { 0.5)
VULVOVAGINITIS 0 2 { 0.2) 4 ( 0.3) 3( 0.3) 9 ( 0.3)
BALANITIS CANDIDA 0 2 { 0.2) 2 ( 0.2) 2 ( 0.2) 71 0.2)
GENITAL CANDIDIASIS 0 0 3 0.3) 2 ( 0.2) 5 ([ 0.2)
GENITAL INFECTION 0 0 2 ( 0.2) 2 ( 0.2) 4 ( 0.1)
GENITAL BURNING SENSATION 2 ( 0.1) 1 ( 0.1) 0 1 ( 0.1) 2 ( 0.1)
GENITAL DISCHARGE 1 ( 0.1) 0 0 1 { 0.1) 1 ( <0.1)
GENITAL INFECTION MALE 0 0 0 1 { 0.1) 1 ( <0.1)
GENITAL RASH 0 1 { 0.1) 0 1 { 0.1) 2 ( 0.1)
PENILE INFECTION 0 0 0 1 { 0.1) 2 ( 0.1)
VAGINAL DISCHARGE 30 0.2) 0 0 1 { 0.1) 1 ( <0.1)
VAGINAL INFLAMMATION 0 0 0 1 ( 0.1) 1 ( <0.1)
VULVITIS 0 20 0.2) 1 ( 0.1) 1 ( 0.1) 4 ( 0.1)
BALANOPOSTHITIS 0 1 ( 0.1) 10 0.1) 0 2 (0 0.1)
BALANOPOSTHITIS INFECTIVE 0 0 1 ( 0.1) 0 1 ( <0.1)
GENITOURINARY TRACT INFECTION 0 0 1 ( 0.1) 0 1 <0.1)
FOSTHITIS 0 0 1 ( 0.1) 0 1 ( <0.1)
VAGINITIS BACTERIAL 2 { 0.1) 1 ( 0.1) 1 ( 0.1) 0 3 0.1)
VULVAL ABSCESS 1 ( 0.1) 0 0 0 0
VULVOVAGINAL BURNING SENSATION 1 { 0.1) 1 { 0.1) 1 ( 0.1) 0 21 0.1)
VULVOVAGINAL ERYTHEMA 0 0 1 ( 0.1) 0 1 ( <0.1)

Source Applicant’s SCS Table 49
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These events were more common in females (Table 17). In females, the most common
PT was vulvovaginal mycotic infection. Pruritus was the most common event in the male
patients accounting for almost a quarter of events.

Table 17. Females and Males with Events of Genital Infection in Short-term Placebo Controlled Pool

Subjects with an Event Placebo Dapagliflozin Total
N (%) N (%)
Females 23 (3.4) 165 (10.0)
Males 6 (0.8) 58 (3.5)

The rate of recurrence for these events did not differ between the placebo and the
dapagliflozin treatment arms for two events. However, for three or more events,
recurrence was only noted in 11 patients treated with dapagliflozin (Table 18).

Table 18. Recurrence of Genital Infection in the Short-term Placebo Controlled Pool

PLA DAFA 2.94G DAFA 5MG DAPA 10M3
N = 694 N = 625 N = 767 N = 768

DAFA TOTAL

N = 2160
SUBJECTS (N#) 20 53 77 83 213
NIMBER OF SUBJECTS EXPERIENCING: (&)
1 EVENT 16 ( 80,0} 41 ( 77.4) 53 ( €8.8) 63 ( 75.9) 157 ( 73.7)
2 EVENTS 4 ( 20.0) 7 (13.2) 12 | 15.6) 9 ( 10.8) 28 ( 13.1)
3 EVENTS 0 5 ( 9.4) 6 ( 7.8) 6 ( 7.2) 17 { B.0)
>3 EVENTS 0 0 6 ( 7.8) 5 ( 6.0 11 ( 5.2)
TOTAL EVENTS 24 70 163 121 354
NIMEFR OF SEVERE CR VERY SEVERE EVENTS 1 1 2 3 6
GIVEN ANTIMICROBIAL TREATMEMT? (B)
YES 14 ( 58.3) 49 ( 70.0) 138 ( 84.7) 89 ( 73.6) 276 ( 78.0)
N0 9 { 37.5) 19 ( 27.1) 22 ( 12.5) 29 ( 24,0) 70 ( 19.8)
1( 4.2) 2 ( 2.9 30 1.8) 30 2.9 8 ( 2.3)
ADDITICWAL TREATMENT GIVEN DUE TO
INADEQUATE RESEONSE TO INITIAL COURSE (B)
YES 0 1( 1.4) 11 ( 6.7) 4 ( 3.3) 16 ( 4.5)
NO 14 { 58.3) 48 [ 68.6) 127 { 77.9) 85 { 70.2) 2680 ( 73.4)
UNKNCWN 0 0 0 0 0
NOT APFLICARLE 10 { 41.7) 21 ( 30.0) 25 ( 15.3) 32 ( 26.4) 78 ( 22.0)

Source Applicant’s SCS Table 56

Rates in the placebo controlled short and long-term treatment pool were consistent with
those in the short-term treatment period only. The total in the dapagliflozin treated group
was 160 patients (14.5%) and the total in the placebo treated group was 18 patients
(5.2%).

None of these events were classified as serious. There were three patients in the
dapagliflozin treated group who discontinued treatment due to an event of genital
infection; there were no patients discontinuing for this reason in the placebo treated

group.

The Kaplan-Meier curves of the time to onset of first event suggestive of genital infection
dapagliflozin showed that patients were at greater risk for a first event than those treated
with placebo as early as 1 month after treatment initiation (Figure 3). By eight months,
those treated with dapagliflozin 5 and 10 mg were at more risk than the 2.5 mg treated
patients. Overall, a first event occurred more often in the first 24 weeks than after 24
weeks in all groups.
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Figure 3. Time to First Event of Genital Infection in the Short and Long-term Placebo
Controlled Pool
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Number of Subjects at Risk Weeks
PLA 694 650 608 583 564 545 470 262 257 248 190 145 123 12 0
DAPA 2.5MG 625 574 550 530 510 498 464 326 319 314 237 194 154 11 0
DAPA 5MG 767 681 650 623 602 588 511 321 313 302 240 191 163 8 0
DAPA 10MG 768 702 667 637 614 596 519 326 320 314 250 198 172 ] 0
DAPA TOTAL 2160 1957 1867 1790 1726 1682 1494 973 952 930 727 583 489 28 0

Symbols represent censored observations.

Week is not scheduled visit week but actual days from the first dose of double-blind study
medication divided by 7.

Number of subjects at risk is the number of subjects at risk at the beginning of the period.
The results beyond Week 102 should be interpreted with caution as the number of
subjects at risk might be limited.

Source Applicant’s SCS Figure 2

I(f). Urinary Tract Infection (UTI)

A prespecified list of PTs was used to identify cases of UTI (with confirmed positive
culture in some cases). This list contained the terms for diagnoses, symptoms, signs, and
abnormal laboratory findings suggestive of UTI, as well as events indicating “specific
involvement of the kidney”. Events identified with this list are termed events suggestive
of UTL

More patients in the dapagliflozin group reported events suggestive of UTI compared to
those treated with placebo (Table 19). These events were more commonly overall in
females than males. Most events were mild or moderate in intensity and resolved while
the patients were on study medication. The PT “UTI” was most common for this category
and “dysuria” was the second most common PT identified.
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Table 19. UTI Related Events in the Short-term Placebo Controlled Pool

PLA DAPA Z2.5MG DAFA 5MG DAPA 10MG DAPA TOTAL

Preferred Term (%) N = 1383 N = 814 N = 1145 N = 1183 N = 3291
TOTAL SUBJECTS WITH AN EVENT 63 ( 4.5) 34 (4.2 84 ( 7.3) 77 { 8.5) 209 ( 6.4)
URINARY TRACT INFECTION 38 2.7) 25 (3.1 54 ( 4.7) 43 ( 3.6) 131 ( 4.0)
DYSURIA 10 ( 0.7) 5 ( 0.6) 18 ( 1.8) 25 ( 2.1) 49 ( 1.5)
CYSTITIS 11 ( 0.8) 2 ( 0.2) 7 ( 0.86) 8 ( 0.7) 21 ( 0.8)
LEUKOCYTURIA ] 0 0 2 ( 0.2) 2 ( 0.1)
CANDIDURIA 0 0 Q 1 0.1) 1 ( <0.1)
ESCHERICHIA URINARY TRACT INFECTION 0 0 1 ( 0.1) 1 ( 0.1) 2 ( 0.1)
TRIGONITIS 0 0 0 1 ( 0.1) 1 ( <0.1)
BACTERIURIA 2 0.1) 0 1 { 0.1) 0 1 { <0.1)
GENITOURINARY TRACT INFECTION 0 0 1 { 0.1) 0 1 ( <0.1)
FROSTATITIS 2 0 0.1) 1 ( 0.1) 2 (0 0.2) 0 3 ( 0.1)
PYELONEFHRITIS 1 ¢ 0.1} 2 ( 0.2 1 ( 0.1) 0 3 ( 0.1)
PYURIA 2 0.1) 0 1 ( 0.1) 0 1 ( <0.1)
URETHRITIS 1 0.1) 0 Q 0 0

URINARY TRACT INFECTION FUNGAL 0 0 1 ( 0.1) 0 2 ( 0.1)
URINARY TRACT INFLAMMATION 0 0 1 ( 0.1) 0 1 ( <0.1)
WHITE BLOOD CELLS URINE FOSITIVE 1 0.1) 0 Q 0 0

Source: Applicant’s SCS Table 57.
UTI was a common adverse event in the placebo controlled short-term pool.

Pyelonephritis was an uncommon event, and occurred at equal rates in the placebo and
dapagliflozin treated groups (0.1% in both groups).

Events were more common in females treated with dapagliflozin than males (Table 20).

Table 20. Females and Males with Events of UTI in the Short-term Placebo Controlled Pool

Subjects with an Event Placebo Dapagliflozin Total
N (%) N (%)
Females 52 (7.7) 165 (10.0)
Males 11(1.5) 44 (2.7)

In the short-term period, urine culture was obtained for 42% and 50% of the events
suggestive of UTI in the dapagliflozin total group (all doses combined) and the placebo
group, respectively. Most of the organisms obtained from urine culture are well
established causes of UTI in the general population and include Escherichia coli, with
skin flora or sample contamination, such as Staphylococcus epidermidis, or fungi such as
Candida. Recurrence occurred in 14.7-18.2% of patients taking dapagliflozin of any dose
compared to 9.5% of placebo patients (Table 21). This table also depicts the proportion of
patients that had a positive urine culture.
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Table 21 Recurrence, Treatment and Culture in UTI in the Short-term Placebo Controlled
Pool

PLA DAPA 2. 54G DABA 5MG DAPA 10MG DAPA TOTAL
N = 1393 N = 814 N = 1145 N = 1193 N = 3291
SUBJECTS (N#) 63 34 84 77 209
NUMBER OF SUBJECTS EXPERIENCING: (A)
1 EVENT 56 { 88.9) 28 ( 82.4) 70 ( 83.3) 61 ( 79.2) 172 ( 82.3)
2 EVENTS 6 ( 9.5 5 ( 14.7) 13 { 15.5) 14 { 18.2) 33 ( 15.8)
3 EVENTS 0 1( 2.9 1( 1.2) 2 ( 2.8 4 ( 1.9)
>3 EVENTS 1{ 1.8 0 0 0 0
TOTAL EVENTS 72 41 99 95 250
NUMBER OF SEVERE OR VERY SEVERE EVENTS 1 0 q 0 4
GIVEN ANTIMICROBIAL TREATMENT? (B)
YES 54 ( 75.0) 31 ( 75.6) 57 ( 57.6) 59 ( 62.1) 147 ( 58.8)
NO 14 { 19.4) 6 ( 14.8) 29 ( 29.3) 27 ( 28.4) 62 ( 24.8)
UNKNOWN 4 { 5.8) 4 ( 9.8) 13 ( 13.1) 9 ( 9.5) 41 { 16.4)
ADDITIONAL TREATMENT GIVEN DUE TO
INADBQUATE RESFONSE TO INITIAL COURSE (B)
YES g (11.1) 2 ( 4.9) 1( 1.0 11 ( 11.6) 14 ( 5.6)
NO 45 ( 82.9) 29 ( 70.7) 56 ( 56.8) 48 ( 50.5) 133 ( 53.2)
UNENOWN 1( 1.4) 0 0 0 0
NOT APPLICABIE 18 ( 25.0) 10 ( 24.4) 42 ( 42.4) 36 ( 37.9) 103 ( 41.2)
URINE CULTURE CETAINED? (B)
YES 36 ( 50.0) 19 ( 46.3) 49 ( 49.5) 37 ( 38.9) 105 ( 42.0)
NO 27 ( 37.5) 14 ({ 34.1) 34 ( 34.3) 39 ( 41.1) 88 ( 35.2)
UNKNOWN 9 ( 12.5) g { 19.5) 16 { 16.2) 19 { 20.0) 57 ( 22.8)
POSITIVE URINE CULTURE? (B)
YES 21 ( 29.2) 13 ( 31.7) 30 ( 30.3) 24 { 25.3) 67 ( 26.8)
NO 15 ( 20.8) 6 ( 14.6) 19 ( 19.2) 13 ( 13.7) 38 ( 15.2)
UNENCOWN 0 0 0 0 0

Source Applicant’s SCS Table 60

Rates in the short plus long-term placebo treated pool were consistent with that in the
short-term pool, but higher, as expected, given the more prolonged monitoring and
exposure. In the dapagliflozin treated patients, the rate was 9.4% (202 patients) and the
rate in placebo treated patients was 6.6% (46 patients).

Only one patient in this pool had an UTI-related SAE (pyelonephritis) and this patient
was in the control group.

Events suggestive of UTI leading to discontinuation occurred in 0.4%, 0.2%, 0.3% of
subjects in the dapagliflozin 2.5, 5, and 10 mg groups, respectively, and 0.1% of subjects
in the placebo group. In the placebo group, an AE of pyelonephritis led to
discontinuation. The dapagliflozin-treated subjects included one male (with
pyelonephritis) and 8 females (one with pyelonephritis, five with UTI, one with cystitis,
and one with dysuria).

The Kaplan-Meier curves of the time to onset of first event suggestive of UTI show
separation of the curves for the dapagliflozin (5 mg, 10 mg, and dapagliflozin total)
groups from the dapagliflozin 2.5 mg and placebo groups starting at approximately eight
weeks and continuing through Week 104 (Figure 4). A first event suggestive of UTI was
reported more often in the first 24 weeks than after 24 weeks in all treatment groups.
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Figure 4. Time to First Event of UTI in the Short and Long-term Placebo Controlled Pool
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The results beyond Week 102 should be interpreted with caution as the number of

subjects at risk might be limited.

Source Applicant’s SCS Figure 3

[lI(g). Both Genital Infection and Urinary Tract Infection Events

The proportion of patients that had both types of infection was small compared to that

ococooo

seen with each type of event alone (Table 22). This suggests that urinary tract infection,

or treatment of infection, was not a predisposition to developing a genital infection or

vice versa.
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Table 22. Subjects with Both Events of UTI and Genital Infection in the Short-term Placebo
Controlled Pool

Nurber of Subjects (Percent)

BLACEBO CREA 2.5MG CRER. 5MG DRAFR 10MG CAEA TOTAL
N=1393 N=E14 N=1145 N=1193 N=3291

BOTH URINARY TRACT INFECTICN
AND GENTTAL INFECTICH
TOTAL 7/1393 ( 0.5) 3/ 814 ( 0.4) 16/1145 ( 1.4) 19/1193 ( 1.6) 40/3291 ( 1.2)
MRLES 1/ 716 { 0.1) 1/ 414 { 0.2) 1/ 564 { 0.2) 5/ 595 ( 0.8) 7/1643 | 0.4)
FEMALES & 617 ( 0.9) 2/ 400 ( 0.5) 15/ 581 ( 2.6) 14/ 598 ( 2.3) 33/1648 ( 2.0)

Source Response to FDA Information Request May 18, 2011

[lI(h). Bone Health

Fractures and markers of bone metabolism were monitored in the dapagliflozin clinical
program with special interest, due to dapagliflozin’s mechanism of action and potential
effects on tubular transportation of bone minerals.

We consulted with the Metabolic Bone Disease Team within the Division of
Reproductive and Urology Products for a review of all bone-related data submitted with
the NDA, including fracture data, effects on serum bone biomarkers, bone mineral
density (from the body composition study), and serum minerals. The text below consists
of the executive summary of this consultation review.

The effects of dapagliflozin on bone metabolism are not well-defined. The overall
fracture rate was low (1.4%) and balanced between dapagliflozin and control groups. The
apparent increased fracture rate in the moderate renal dysfunction population study
(MB102029) was not demonstrated when all subjects (Phase 2b and Phase 3) with
moderate renal dysfunction were pooled. These fracture events were also associated with
various risks for falls (e.g. neuropathy, peripheral vascular disease/amputation,
osteoarthritis, and fasting state) or suffered significant trauma. It is well recognized that
propensity to fall is a risk facture for fracture independent of bone mineral density. In
addition, while not directly connected to the fracture events, rates of hypoglycemia,
hypotension, dizziness, syncope, and falls were higher in this population. The 2-fold
increase in fractures in patients with normal renal function was associated with negligible
laboratory changes suggesting that this imbalance may also not be significant. In
addition, there were minimal effects on mean bone mineral density (BMD) overall
despite outliers with larger positive and negative changes of approximately 8-12%. Bone
biomarkers showed small increases in bone resorption with no pattern seen with bone
formation. No clinically significant changes were seen in laboratory values, including
calcium, 25-OH vitamin D, magnesium, phosphorus and PTH (beyond what would be
expected for the degree of renal dysfunction).

Due to the cross-reactivity of dapagliflozin at SGLT sites, potential effects at SGLT-1
were investigated to determine if the noted alterations could be attributable to off-target
effects and not related to bone metabolism. When evaluated, no imbalances were seen in
off-target SGLT-1 sites, i.e. gastrointestinal and cardiac organ systems, at the clinical
level. This may be due to the high specificity of dapagliflozin for SGLT-2 (1600-fold).
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From the data reviewed, there is no indication that dapagliflozin exerts a clinically
significant effect on bone loss or fracture. Full review of the 2-year data would be
reassuring. While bone loss due to weight loss is a primary concern, further surveillance
of bone formation/hyperostosis based on nonclinical evidence of vascular tissue
mineralization, and increased bone resorption should also be monitored. We note that
Study D1690C00012 is ongoing and data from 102 weeks of exposure will be provided
when available.

[lI(i). Renal Laboratory and Adverse Events

Changes in Renal Lab Values in the Placebo-controlled Pool Short-term Treatment

The Abbreviated Modification of Diet in Renal Disease Study (MDRD) equation was
used throughout the dapagliflozin clinical program to calculate estimated glomerular
filtration rate (¢GFR).

Mean changes from baseline in renal function tests were reported (Table 23). In the
dapagliflozin groups, eGFR decreased slightly initially then increased slightly toward or
above baseline values by week 24.

Table 23. Mean Changes in eGFR (mL/min/1.73 m*) from Baseline at 4 and 24 Weeks

Mean Change Placebo | Dapa2.5mg | DapaSmg | Dapa 10 mg Dapa Total

4 Weeks (SE) N=1347 | N=796 N=1109 N=1149 N=3187
0.6(0.3) |-22(04) -1.9(04) -2.1(0.3) -2.0(0.2)

24 Weeks (SE) N=1087 | N=619 N=899 N=935 N=2453
0.8(0.3) |-0.9(04) 0.8(0.4) 0.3(04) 0.2(0.2)

Source Applicant’s SCS App 40B
Mean estimated creatinine clearance (eCrCl) decreased from baseline to Week 24 in all
treatment groups; this decrease was greater in the dapagliflozin treated groups, but

unlikely to be clinically significant (Table 24).

Table 24. Estimated CrCl (mL/min) Mean Changes from Baseline at 4 and 24 Weeks

Mean Change Placebo Dapa2.5mg | DapaSmg | Dapa 10 mg Dapa Total

4 Weeks (SE) N=1324 N=794 N=1108 N=1125 N=3136
0.1(04) -4.0 (0.4) -3.7(0.4) -4.4(0.4) -4.0 (0.3)

24 Weeks (SE) | N=1086 N=618 N=898 N=934 N=2450
-0.4(04) | -40(04) -2.2(0.5) -3.5(0.5) -3.1(0.3)

Source Applicant’s SCS App 38B

Mean serum creatinine levels changed minimally (< 0.1 mg/dL) from baseline to week 24
in all treatment groups.
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Mean blood urea nitrogen (BUN) levels increased 0.3 mg/dL in the placebo group and
1.5 to 1.8 mg/dL in each dapagliflozin group from baseline to week 24 (
Table 25).

Table 25. BUN (mg/dL) Mean Changes from Baseline at 4 and 24 Weeks

Mean Change Placebo | Dapa2.5mg | DapaSmg | Dapa 10 mg Dapa Total

4 Weeks (SE) N=1347 | N=797 N=1109 N=1149 N=3188
0.0(1.0) | 1.1(0.1) 1.2 (0.1) 1.3 (0.1) 1.2 (0.1)

24 Weeks (SE) | N=1087 | N=619 N=899 N=935 N=2453
0.3(0.1) | 1.5(0.2 1.4 (0.1) 1.6 (0.1) 1.5(0.1)

Source Applicant’s SCS App 36B

Changes in Renal Lab Values in the Placebo-controlled Pool Long-term Treatment

Small mean decreases in eGFR from baseline were reported in dapagliflozin-treated
patients at Week 1 in the short-term plus long-term Placebo-controlled Pool. Following
this initial drop in eGFR, there was a gradual return to baseline over 16-24 weeks without
evidence of progressive renal dysfunction (Figure 5). These small and transient changes
were dose-dependent.
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Figure 5. Mean changes in estimated GFR from baseline to week 102 (short term and long term
periods) in the Placebo-controlled Pool
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PLA 694 649 616 598 578 546 266 219 148 107
DAPA 2.5 MG 625 593 574 555 548 525 349 284 199 136
DAPA 5MG 767 714 696 669 659 628 354 288 208 159
DAPA 10 MG 768 728 706 676 670 646 367 310 220 166
DAPA TOTAL 2160 2035 1976 1900 1877 1799 1070 882 627 461
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Source: Applicant’s SCS Figure 4
Small mean decreases (-1 to -5 mL/min) in eCrCl were reported in all dapagliflozin
groups compared to placebo (-1 mL/min) that persisted to week 102. These are not

clinically relevant.

Changes in renal lab values in the renal impairment trial

Estimated GFR and eCrCl decreased from baseline to Week 1 in the dapagliflozin 5 and
10 mg groups then stabilized, with mean reductions from baseline at Week 52 that were
slightly less than those seen at Week 1. By comparison, the mean eGFR and eCrCl in the
placebo group were essentially unchanged from baseline to Week 24 and then decreased
slowly (Figure 6). While mean reductions from baseline to Week 52 in eGFR and eCrCl
were observed in all treatment groups for subgroups of subjects with baseline GFR 45 to
59 mL/min/1.73 m* and 30 to 44 mL/min/1.73 m?, the magnitude of the mean decreases
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were consistently larger in the 30 to 44 mL/min/1.73 m* subgroup compared with the 45
to 59 mL/min/1.73 m* subgroup.

Figure 6. Change in eGFR (mL/min/1.73m?) from Baseline to week 52 in the Short-term Plus Long-
term in Study MB102029
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Markedly Abnormal Renal Laboratory Values

Marked abnormalities for BUN (> 60 mg/dL) or creatinine (> 2.5 mg/dL) were reported
in similar proportions of subjects in all treatment groups: 0% to 0.2% in the dapagliflozin
groups and 0% in the placebo group. Similar proportions of subjects in each dapagliflozin
group and the placebo group had elevated renal tests based on laboratory values
(creatinine: >1.5X pre-treatment creatinine [1.4% - 1.9% in the dapagliflozin groups;
1.6% in the placebo group] or creatinine > 2.5 mg/dL [0% - 0.2% in the dapagliflozin
groups; 0% in the placebo group). Similar proportions of subjects in each dapagliflozin
group and the placebo group had elevated renal tests based on laboratory values and/or
reported AEs of renal impairment or failure (< 3% in each treatment group). In addition,
marked abnormalities of BUN and serum creatinine were noted in similar proportions of
subjects across treatment groups, including subjects using diuretics or ACE-I or ARB
anti-hypertensive agents.
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Additional Renal Data—Lab Related AEs

Across the placebo-controlled pool short and long term treatment groups, renal related
AEs were generally balanced (these were selected by the applicant and are displayed in
Table 26 below). However, in the short plus long term treated pool, there were 23 (1.1%)
patients reported with blood creatinine increased in the dapagliflozin group versus 4
(0.6%) placebo treated patients.

The subgroup with eGFR >30 to < 60 mL/min/1.73 m* (moderate renal impairment) had
the highest proportion of subjects with AEs of renal impairment or failure. AEs of renal
impairment or failure were more common in dapagliflozin-treated subjects with no dose
dependence. AEs across other renal categories displayed similar rates between
dapagliflozin and placebo treated patients.

Table 26. Renal Related AEs in the Moderate Renal Impairment in the Short-term Placebo
Controlled Pool

PLA DRPA 2.5MG DAPE 5SMG DAPE 10MG DAPE TOTAL
Preferred Term (%) N = 107 H = 74 N = 107 N = 89 H= 2717
TOTAL SUBJECTS WITH AN EVENT & [ 5.8) 8 ( 10.8) 7 ( 8.5) T 0 7.9) 23 ([ 8.3
BLOOD CREATININE INCREASED 30 2.8) 6 ( 8.1) 3I( 2.8) 6 ( 6.7) 16 { 5.8)
CYSTATIN C INCREASED 0 1] o 1 1.1) 1 ( 0.4)
GLCMERULAR FILTRATICN RATE DECREASED 0 1 1.4) 0 1 ¢ 1.1} 2{( 0T
CBSTRUCTIVE UROPATHY 0 Q 10 0.9 0 1( 0.4
RENAL FAILURE 20 1.9 4] 1 ( 0.9) 0 1 ( 0.4)
RENAL IMPAIRMENT 1 ( 0.9 10 1.4) 2 { 1.9) o I 0 1.1

Source Applicant’s SCS Table 67

[11(j). Hematology, Volume Depletion and Thromboembolic
Events

Dapagliflozin induces diuresis. This leads to hemoconcentration and can also put patients
at risk for events of volume depletion or thromboembolic events.

Hematology

Placebo-controlled Pool—Short-term Treatment

In the dapagliflozin groups, there were small increases in mean hematocrit and
hemoglobin levels starting at week 1 and continuing up to week 16, when the maximum
difference from baseline was observed. The mean change from baseline in hematocrit by
week 16 ranged from 1.7% to 2.2% in the dapagliflozin groups and -0.3% in the placebo
group. At week 24, the mean changes from baseline in hematocrit were 1.6%, 1.8%, and
2.1% in the dapagliflozin 2.5, 5, and 10 mg groups, respectively, and -0.4% in the
placebo group (Table 27).
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Table 27. Hematocrit (%) Mean Changes from Baseline at 24 Weeks

Percentiles Change From Baseline

Period Treatment
Visit Group N# Mean SD Min 25 Median 75 Max MN§ Mean SE Median
ST TREAT PLA 1063 42.08 3.859 24.3 39.40 42.00 44.70 55.8 1063 -0.40 0.0713 -0.30
SCS WK 24 DAPA 2.3MG 610 43,60 4.182 29,9 40.90 43,70 46.40 58.1 610 1.57 0.0971 1.60
DAPA 5MG 875 44.09 3.921 29.1 41.40 44.20 46.70 58.6 875 1.81 0.078%8 1.90
DAPA 10MG 911 44.46 4,098 28.9 41,70 44,40 47.40 57.8 911 2,15 0.0834 2.20
DAPA TOTAL 2396 44,11 4.068 28,9 41.40 44,10 46.80 58.6 2396 1.88 0.0497 1.90

Source Applicant’s SCS App 20B
The mean change from baseline in hemoglobin reflected those reported for hematocrit.

There was also a small decrease in mean platelet levels in all treatment groups that was
slightly larger. At week 24, the mean change from baseline was -7.4, -7.3, and -8.4 x 10’
¢/L for dapagliflozin 2.5, 5, and 10 mg, respectively, and -5.1 x 10° ¢/L for placebo.

Placebo-controlled Pool—Short-term Plus Long-term Treatment

At week 76, the mean change from baseline in hematocrit ranged from 1.8% to 2.5% in
the dapagliflozin groups and -0.2% in the placebo group. At week 76, the mean change
from baseline in hemoglobin ranged from 0.4 to 0.6 g/dL in the dapagliflozin groups and
-0.3 g/dL in the placebo group. No further increases were observed at week 89 and up to
week 102.

Volume Depletion

Placebo-controlled Pool—Short-term Treatment

Events defined by the applicant as those of volume depletion (hypotension / hypovolemia
/ dehydration) were reported slightly more common frequently in the dapagliflozin
groups versus comparator (0.7% vs 0.4% in the short-term period), with no clear dose
dependence (Table 28). Hypotension was the most common event. A 67 year old male
subject receiving dapagliflozin 10 mg added to insulin background in a Phase 2b trial was
discontinued due to volume depletion and consequent pre-renal azotemia. Clinically
important medical history included hypertension, myocardial infarction, and congestive
heart failure. Relevant medications included carvedilol, enalapril, furosemide, digoxin,
and gemfibrozil. On Day 8, he was found to have increased blood urea, increased blood
creatinine, and dehydration. On Day 9, he complained of lightheadedness (preferred term:
dizziness). Study medication was discontinued on Day 11 due to his symptoms and
laboratory results. On Day 12, a diagnosis of “pre-renal failure” (preferred term: renal
failure) of severe intensity was made by the investigator. Treatment with enalapril and
furosemide was stopped. Dehydration was considered resolved on Day 15. Treatment
with furosemide and enalapril resumed on Day 15 and Day 26, respectively, at reduced
dosages. The event of pre-renal failure was determined to be fully resolved on Day 46
with normalization of renal function. The investigator categorized the event as probably
related to study medication.
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Table 28. Events related to Volume Depletion

PLA DAPA 2. 5MG DAPA 5SMG DAPA 10MG DAPA TOTAL
FPreferred Term (%) N = 1393 N = 814 N = 1145 W= 1193 N = 3291
TOTAL SUBJECTS WITH AN EVENT 5 0.4) g 1.0) 7 0.8) 8 0.7) 24 0.7)
HYPOTENS ION 2 0.1) 6 a.7) 5 0.4) 5 ( 0.4) 1 0.5)
SYNCOPE 11 0.1) o o 2 0.2) 2 1 0.1)
URINE FLOW DECREASED o] o Y] 1 0.1) 1 ( <0.1)
ELOOD PRESSURE DECREASED 1 (¢ 0.1) 0 0 o o
ORTHOSTATIC HYPOTENSION a 1 0.1) 2 0.2) [} 4 0.1)
URINE QUTFUT DECEEASED 1 ( 0.1) 1( 0.1) 0 o 1 ( =0.1)

Source Applicant’s SCS Table 72

Most events occurred after more than three weeks of therapy. Only two events in
dapagliflozin treated patients occurred within 10 days of starting therapy: orthostatic
hypotension (Day 3) and hypotension (Day 1) in the dapagliflozin 2.5 mg group.

In the 24 week treatment, the subgroup of patients that received loop diuretics and
subgroup of patients > 65 years of age treated with dapagliflozin had a higher rate of

hypovolemic events.

Table 29. Events of Volume Depletion in Patients Receiving Loop Diuretics

PLL DAPA 2.5MG DRPA SMG DAFR 10MG DAPR TOTAL
Preferred Term (%) N= b5 N= 37 N= 40 N= 31 N= 114
TOTAL SUBJECTS WITH AN EVENT 1( 1.8) 3 ( 8.1) 0 2 ( 6.5) 6 ( 5.3)
HYPOTENSION 0 3 ( 8.1) 0 1( 3.2) 4 ( 3.5)
SYNCOPE 0 0 0 1{ 3.2) 1 ( 0.9
BLOOD FRESSURE CECREASED 1( 1.8) 0 0 0 0
CRTHOSTATIC HYPOTEMSICH 0 0 0 0 1 ( 0.9

Source Applicant’s SCS App 222B

Table 30. Events of Volume Depletion in Patients > 65 Years of Age

PLA DAPA 2.5MG DAPA 5MG DABA 10MG DAPA TOTAL
Preferred Term (%) N= 276 N = 1983 N = 216 N = 204 N = 631
TOTAL SUBJECTS WITH AN EVENT 1 ( 0.4) 5 ( 2.6) 1 { 0.5 2 ( 1.0 8 ( 1.3)
SYNCOPE 0 0 0 1( 0.5 1( 0.2)
URINE FLOW DECREASED 0 0 0 1( 0.5 1( 0.2)
HYPCTENSICHN 1 ( 0.4) 5 ( 2.6) 0 0 5( 0.8)
CRTHOSTATIC HYPOTENSICN 0 0 1 ( 0.5) 0 1( 0.2)

Source SCS App 228B

Of note, the rate of these events was higher in patients on dapagliflozin that had been
treated with thiazides as well (24 week data--1.3%--8 patients in the dapagliflozin total
group versus 0.8%--2 patients in the placebo group). This was also the case with both
ACE-I or ARBs (1.0%--17 patients in the dapagliflozin total group versus 0.5%--4
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patients in the placebo group). These trends were consistent with those seen across short
plus long-term treatment as well.

The applicant has proposed a lower dose of 5 mg in these patients at higher risk for
volume depletion. If dapagliflozin is approved, this is an acceptable proposal for these
patients.

Placebo-controlled Pool—Short-term Plus Long-Term Treatment

In the short-term plus long-term period, SAEs of hypotension/dehydration/hypovolemia
(volume depletion) occurred in two subjects treated with dapagliflozin and in two
subjects treated with placebo; all four of these events were defined as syncope.

Pulmonary Embolism and Deep Venous Thrombosis (DVT)

The risk of deep vein thrombosis and/or pulmonary embolism may also be related to
volume depletion. Dapagliflozin has diuretic effect and this can result in
hemoconcentration.

All Phase 2b/ Phase 3 Safety Pool

This pool was selected in order to capture the most number of events to evaluate for any
notable difference. Overall, there were few events related to venous thrombosis in this
pool. Although there were more events in patients treated with dapagliflozin, the rates are
very similar (Table 31).

Table 31. Number (%) of patients with DVT, thrombosis and pulmonary embolism in the All Phase
2b/ Phase 3 Pool

Event Control All Dapagliflozin
N=1941 N=4287
DVT 0 4(0.1)
Thrombosis 2(0.1) 2(<0.1)
Pulmonary Embolism 1(0.1) 4(0.1)

Source Applicant’s SCS Appendices 89A

Section IV. Conclusion

Dapagliflozin is the first in a new class of antidiabetic drugs, namely, SGLT2 inhibitors.
Its effects on glycemia are unrelated to changes in insulin secretion or insulin sensitivity.
The magnitude of glycemic reduction in the clinical trials has been consistent, and in line
with recently approved antidiabetic drugs, such as dipeptidyl peptidase inhibitors. In
active-controlled trials, dapagliflozin demonstrated equivalent effects on HbAlc as near
maximally effective doses of metformin and glipizide at one year. In addition,
dapagliflozin has been demonstrated to have mild reductions in blood pressure and body
weight, and is neutral to blood lipids. The cardiovascular risk profile, evaluated through a
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metanalysis of major cardiovascular events in a pool of Phase 2b and Phase 3 trials,
meets the December 2008 Guidance, ruling out the unacceptable risk greater than 80%
above comparator groups. While this can be an important addition to the antidiabetes
drug armamentarium, its efficacy is limited to patients with normal renal function or mild
impairment. With further decreases in glomerular filtration rate, dapagliflozin glycemic
effects are significantly lessened, and the drug is thus not recommended for patients with
moderate, severe and end-stage renal impairment.

The efficacy of dapagliflozin needs to be balanced against safety signals identified in the
clinical trials: the imbalance in cases of bladder cancer and breast cancer not favoring
dapagliflozin, a potentially serious case of drug-induced liver injury (meeting the
biochemical threshold for “Hy’s Law”), the unknown long term effect of increased
urinary infections and genital infections on renal function and reproduction, as well as the
short term risks to renal function related to hypovolemia and dehydration in the elderly
and in those patients on diuretic and antihypertensive therapy.
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EXECUTIVE SUMMARY

As background information for an upcoming Advisory Committee meeting for the New Drug
Application (NDA) of dapagliflozin, the Division of Metabolism and Endocrinology Products (DMEP)
requested the Division of Epidemiology I (DEPI I) in the Office of Surveillance and Epidemiology
(OSE) to provide information on the background incidence rate of breast cancer among type 2 diabetes
patients.

Nine cases of breast cancer have been observed in the dapagliflozin treatment groups versus none in
the comparator groups in dapagliflozin clinical trials. The epidemiologic literature was reviewed to
evaluate the background incidence rate of breast cancer among type 2 diabetes patients. A study report
conducted by the sponsor titled “A comparison of the incidence of breast cancer in the dapagliflozin

clinical program with the incidence of breast cancer in a reference US population” was also reviewed.

A total of 6 studies (3 prospective and 3 retrospective cohort studies) that contained quantifiable
incidence estimates were included in this review. The reported incidence rates of breast cancer among
diabetes patients (mostly type 2 diabetes) ranged from 0.62 to 4.04 per 1,000 person-years of follow-up.
The U.S. female type 2 diabetes patients were found to have the highest incidence rates of breast cancer,
which were 4.04 and 3.41 per 1,000 person-years in two studies. Second to the U.S. females, the Canada
postmenopausal women with newly diagnosed type 2 diabetes had incidence rates of 3.02 and 2.90 per
1,000 person-years for those who were 65 years and older, and those between 55 and 65 years,
respectively. Two studies conducted in Sweden reported that the incidence rates of breast cancer in type
2 diabetes patients were 2.44 and 1.67 per 1,000 person-years for females, and 0.03 and 0.02 per 1,000
person-years for males. The Japanese women were reported with the lowest incidence rate of breast
cancer at 0.62 per 1,000 person-years. Compared to the reported incidence rates of breast cancer among
type 2 diabetes patients in the literature, the age-specific incidence rates of breast cancer were
consistently higher in the dapagliflozin clinical trial program.

The sponsor used age- and sex-specific incidence rates of breast cancer data from the National
Cancer Institute’s Surveillance Epidemiology and End Results (SEER) program to calculate the
expected number of breast cancer cases in the dapagliflozin clinical trials. A standardized incidence
ratio (SIR) was calculated to evaluate the observed incidence of breast cancer for the female cohort of
the dapagliflozin clinical program compared to the expected incidence from SEER estimates. An
adjustment factor of 20% increased risk of breast cancer in type 2 diabetes was applied and 95%

confidence intervals were calculated for the SIR. The adjusted total number of expected incident breast
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cancer cases among female patients exposed to dapagliflozin was 7.1. The calculated SIR was 1.27
(95% CI, 0.58-2.41) for dapagliflozin-treated patients. The adjusted total number of expected incident

breast cancer cases among female patients in the comparator arms was 2.9.

There is insufficient evidence to support the sponsor’s statement that the results provide some
measure of reassurance that the observed incidence of breast cancer in the dapagliflozin clinical program
is within the expected range for a similar population of untreated females with type 2 diabetes of the
same age. The expected number of cases in the comparator arms was 2.9. However, no case was
observed in the comparator arms of the dapagliflozin clinical program. This finding suggests that the
study participants in the dapagliflozin clinical program may have a lower risk of breast cancer compared
to the general type 2 diabetes population of the same age. However, the number of observed breast
cancer cases (n=9) in the dapagliflozin trials were more than the expected number of cases (n=7.1) in
the dapagliflozin-treated arms. One possible explanation to this finding is that dapagliflozin treatment
may be associated with an increased risk of breast cancer. The application of a 20% diabetic risk
adjustment factor to SEER data may have overestimated the expected number of cases to be seen in the
dapagliflozin clinical trials because some patients in SEER were actually diabetes patients. The
overestimated expected number of cases would have resulted in an underestimated SIR. Another
limitation of using SEER data is that the dapagliflozin clinical trials were conducted internationally and
the U.S. represented with approximately 20% of the total trial population. As rates of breast cancer vary
across countries, the estimates from SEER (U.S. data) could be biased. With those limitations and
concerns, we can not be reassured that the observed incidence of breast cancer in the dapagliflozin
clinical program is within the expected range for a similar population of untreated females with type 2

diabetes of the same age.

In summary, the finding that the age-specific incidence rates of breast cancer were higher than those
reported in the literature could be a safety signal that dapagliflozin may be associated with an increased
risk of breast cancer. The SIR calculated by the sponsor using SEER data as an external reference group
is not reassuring due to the study limitations. It is not feasible to establish the relative risk with any
degree of certainty at this time given the small number of events (9 cases in the dapagliflozin treatment
groups and zero in the comparator groups) and a wide confidence interval for the incidence rate ratio
that includes 1.0 and infinity. Therefore, it is uncertain whether dapagliflozin treatment is associated
with an increased risk of breast cancer. Continued follow-up of all participants in the dapagliflozin trials

for breast cancer and further analysis with a direct comparison between the dapagliflozin treatment arms
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and the comparator arms should be conducted to evaluate the relative risk of breast cancer associated

with dapagliflozin treatment.

1 INTRODUCTION

As background information for an upcoming Advisory Committee meeting for the New Drug
Application (NDA) of dapagliflozin, the Division of Metabolism and Endocrinology Products (DMEP)
requested the Division of Epidemiology I (DEPI I) in the Office of Surveillance and Epidemiology
(OSE) to provide information on the background incidence rate of breast cancer among type 2 diabetes
patients.

Dapagliflozin is a highly potent, selective, and reversible inhibitor of the human renal sodium
glucose co-transporter, the major transporter responsible for renal glucose reabsorption. This new
molecular entity (NME) is currently undergoing NDA review as an adjunct to diet and exercise to
improve glycemic control in adults with type 2 diabetes mellitus. Dapagliflozin lowers both fasting and
postprandial plasma glucose by inhibiting the renal reabsorption of glucose and by promoting its urinary
excretion. The dapagliflozin sponsors are Bristol-Myers Squibb and AstraZeneca.

Nine cases of breast cancer were observed in the female dapagliflozin-treated patients versus none
in the comparator arms of the dapagliflozin clinical trials. The epidemiologic literature was reviewed to
evaluate the background incidence rate of breast cancer among type 2 diabetes patients. A study report
conducted by the sponsor titled “A comparison of the incidence of breast cancer in the dapagliflozin

clinical program with the incidence of breast cancer in a reference US population” was also reviewed.

2 METHODSAND MATERIALSREVIEWED

2.1 LITERATURE

A systematic literature search was conducted in PubMed for publications in English language
published through May 23, 2011. The keywords used in this search were (“incidence of breast cancer”
OR “risk of breast cancer””) AND “diabetes”.

All abstracts were reviewed for study design and relevance to this review. Case reports and review
studies were excluded from this review because they did not contain population-based or original breast
cancer risk estimates. Studies that estimated incidence rates of breast cancer among patients with type 1

diabetes were also excluded. The full text of observational cohort studies and studies that were
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referenced in a meta-analysis of breast cancer risk associated with diabetes were reviewed. Studies that

contained breast cancer incidence estimates were included in this literature review.

2.2 SPONSOR’'SSTUDY REPORT

A study report conducted by the sponsor titled “A comparison of the incidence of breast cancer in
the dapagliflozin clinical program with the incidence of breast cancer in a reference US population” was

also reviewed.

3 RESULTS& DISCUSSION

3.1 LITERATURE

After screening the medical literature for relevant information to quantify incidence rate of breast
cancer among type 2 diabetes, a total of six studies that contained quantifiable incidence estimates were
selected, which included three prospective cohort and three retrospective cohort studies (Table 1). Two

studies each were conducted in the U.S. and Sweden, and one each was conducted in Canada and Japan.

The reported incidence rates of breast cancer among diabetes patients (mostly type 2 diabetes)
ranged from 0.62 to 4.04 per 1,000 person-years of follow-up. The U.S. female patients were found to
have the highest incidence rates of breast cancer, which were 4.04 and 3.41 per 1,000 person-years in
two studies. Second to the U.S. females, the Canada postmenopausal women with newly diagnosed type
2 diabetes had incidence rates of 3.02 and 2.90 per 1,000 person-years for those who were 65 years and
older, and those between 55 and 65 years, respectively. Two studies from Sweden reported that the
incidence rates of breast cancer were 2.44 and 1.67 per 1,000 person-years for females, and 0.03 and
0.02 per 1,000 person-years for males. The Japanese women were reported with the lowest incidence

rate of breast cancer at 0.62 per 1,000 person-years.

3.1.1 Study Summaries& DEPI Comments

3.1.1.1 Study Summary
Mink et al'. examined the incidence of breast cancer in a cohort of women aged 45-64 years at
baseline during 1987-1989 from four U.S. communities in Minnesota, North Carolina, Maryland, and
Mississippi. Incidence breast cancers diagnosed between January 1, 1987 and December 31, 1995 were
ascertained by linkage to a cancer registry and/or medical record review of potential cases identified

through annual telephone follow-up surveys. Patients with a history of cancer at baseline were excluded.
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Person-years at risk were calculated for each participant as time between the baseline examination date
and December 31, 1995, or the date of breast cancer diagnosis, death, or loss to follow-up, whichever
occurred first. The incidence of breast cancer was 4.04 per 1,000 person-years among those women with

newly diagnosed type 2 diabetes over an average follow-up period of 7.1 years.

3.1.1.2 Comments
Since the study subjects were from four U.S. communities, they were not nationally representative.

The study results cannot be generalized to the U.S. population.

3.1.1.3 Study Summary
Another U.S. study conducted by Michels et al’. reported an incidence rate of invasive breast
cancer of 3.41 per 1,000 person-years among female nurses who were 30-55 years old and free of cancer
in 1976 over 22 years of follow-up period. Participants were followed from 1976 through 1996 for the
occurrence of type 2 diabetes and through 1998 for subsequent invasive breast cancer. Cases of breast
carcinoma in situ (n=612) and ductal carcinoma in situ were censored from the analysis. Twenty nine
cases of breast cancer that developed during follow-up period were excluded because the dates of

diagnosis were not available.

3.1.1.4 Comments
The incidence rate in this study was under-estimated since cases of breast carcinoma in situ, ductal
carcinoma in situ, and cases of breast cancer without dates of diagnosis were excluded. A fraction of the
breast carcinoma in situ may progress to become invasive and some of the cases without dates of

diagnosis may be subsequent incidence cases of breast cancer after the development of type 2 diabetes.

3.1.15 Study Summary
Lipscombe et al’. conducted a retrospective population-based cohort study to examine the

incidence of invasive breast cancer among postmenopausal women aged 55-79 years with newly
diagnosed diabetes between April 1, 1994 and March 31, 2002 in Canada. Women with a history of
breast cancer, those who developed breast cancer within the first year of study entry, who died, moved
out from the province, or became 80 years of age within the first year were excluded. Follow-up began
at the date of the first diabetes diagnosis. During the median follow-up period of 4.5 years, 451 and 560
breast cancer cases were identified in women age 55-65 years (2.90 per 1,000 person-years) and >65

years (3.02 per 1,000 person-years), respectively, in the Ontario Cancer Registry. The registry relies on
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four sources for data: hospital discharge summaries, pathology reports, clinical records from cancer

centers, and death certificates.

3.1.1.6 Comments
The estimated incidence of invasive breast cancer may be underestimated because women who
developed breast cancer (n=308) within the first year after the diagnosis of diabetes were excluded,
which was an approach to minimize detection bias. However, some of those cases may be true incidence

cases and should be included in the incidence analysis.

3.1.1.7 Study Summary
Weiderpass et al*. conducted a retrospective cohort study to assess the incidence of breast cancer

among patients who had at least one hospital discharge diagnosis of diabetes in 1965-1983 in Sweden.
The person-time of observation was from the date of discharge from the first recorded hospitalization
with a diabetes diagnosis until diagnosis of breast cancer, emigration, death, or end of follow-up period
(December 31, 1989). The breast cancer cases (194 women and 2 men) detected within the first year of
follow-up and corresponding person-years were excluded from the incidence analysis. Cases diagnosed
incidentally at autopsy were also excluded (n=21). The incidence rate of breast cancer reported in this

study was 2.44 and 0.03 per 1,000 person-years for women and men, respectively.

3.1.1.8 Comments

This study probably underestimated the incidence rate of breast cancer among type 1 and 2
diabetes patients who had at least one hospitalization for diabetes. As the follow-up started from the date
of hospital discharge, patients may have had diabetes for a while before their hospitalizations.

Therefore, the exclusion of breast cancer cases detected within the first year of follow-up was not
appropriate as many of those cases could have been incident cases.

Most diabetic patients do not require hospitalizations unless they have severe complications.
Therefore, this study population had more severe diabetes because those patients had at least one
hospitalization for diabetes. Since this is a non-representative sample of the diabetic population, the
results for breast cancer incidence would only be applicable to patients requiring hospitalizations for

diabetes.
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3.1.1.9 Study Summary
Another study conducted in the same patient population in Sweden by Adami et al’. ended the

follow-up period on December 31, 1984 instead of December 31, 1989 as in the Weiderpass study. The
study design is the same as the Weiderpass study, which is a retrospective cohort study to assess the
incidence of breast cancer among patients who had at least one hospital discharge diagnosis of diabetes
in 1965-1983 in Sweden. The person-time of observation was from the date of discharge from the first
recorded hospitalization with a diabetes diagnosis until diagnosis of breast cancer, emigration, death, or
end of follow-up period (December 31, 1984). The breast cancer cases detected within the first year of
follow-up and corresponding person-years were excluded from the incidence analysis. This study
reported that the incidence rates of breast cancer were 1.67 and 0.02 per 1,000 person-years in women

and men, respectively.

3.1.1.10 Comments

Similar to the Weiderpass study, this study probably underestimated the incidence rate of breast
cancer among type 1 and 2 diabetes patients who had at least one hospitalization for diabetes. As the
follow-up started from the date of hospital discharge, patients may have had diabetes for a while before
their hospitalizations. Therefore, the exclusion of breast cancer cases detected within the first year of
follow-up was not appropriate as many of those cases could have been incidence cases. Since the study
population had more severe diabetes because those patients had at least one hospitalization for diabetes,
the incidence rate is unlikely to be the same for the general diabetes population who do not always

require hospitalizations.

3.1.1.11 Study Summary
A prospective cohort study conducted by Inoue et al®. examined the incidence rate of breast
cancer among Japanese persons aged 40 to 69 years who responded to a baseline questionnaire from
January 1990 to December 1994. The person-years in the follow-up started from the date of the baseline
survey until the date of cancer diagnosis, emigration from the study area, death, or the end of the study
period of December 31, 2003, whichever came first. The incidence rate of breast cancer amo