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SYNOPSIS 

Observational Study Protocol MB102-118 ST 

Protocol Title: Comparison of the Risk of Cancer Between Patients With Type 2 Diabetes Exposed to 
Dapagliflozin and Those Exposed to Other Antidiabetic Treatment 

Department: AstraZeneca Global Epidemiology 

Objectives: The primary objectives of this study are (1) to compare the incidence of breast cancer, by insulin use at 
cohort entry (the index date), among females with type 2 diabetes who are new users of dapagliflozin and females 
who are new users of antidiabetic drugs (ADs) in classes other than sodium-glucose cotransporter 2 (SGLT2) 
inhibitors, insulin monotherapy, metformin monotherapy, or sulfonylurea monotherapy and (2) to compare the 
incidence of bladder cancer, by insulin use at the index date and pioglitazone use, among male and female patients 
with type 2 diabetes who are new users of dapagliflozin and those who are new users of ADs in classes other than 
SGLT2 inhibitors, insulin monotherapy, metformin monotherapy, or sulfonylurea monotherapy. Secondary 
objectives will compare, by insulin use at the index date, frequency of several measures of health care use, baseline 
characteristics, and incidence of selected other cancers in males and females between the two exposure cohorts. 

Study Design: This will be a multinational cohort database study that will be conducted with data from the Clinical 
Practice Research Datalink (CPRD) in the United Kingdom (UK), the PHARMO Database Research Network 
(PHARMO) in the Netherlands, and the Healthcare Integrated Research Database (HIRD®) and Medicare database 
in the United States of America (US). The study will compare the incidences of certain cancers among new users of 
dapagliflozin with those among new users of ADs in classes other than SGLT2 inhibitors, insulin monotherapy, 
metformin monotherapy, or sulfonylurea monotherapy. The planned study duration is 10 years; actual duration will 
depend on the actual use of dapagliflozin in the populations covered by the targeted health data sources. 

Study Population: Eligible patients must meet all of the following inclusion criteria: (1) patient was newly 
prescribed dapagliflozin or newly prescribed an AD (with or without other ADs) in a class other than SGLT2 
inhibitors, insulin monotherapy, metformin monotherapy, or sulfonylurea monotherapy on the index date; (2) patient 
is aged 40 years or older at the index date; and (3) patient was enrolled in the data source for at least 180 days before 
the index date. Eligible patients must have none of the following exclusion criteria: (1) any recording of a previous 
prescription of a non-dapagliflozin SGLT2 inhibitor on or before the index date; (2) any evidence of diagnosis of 
type 1 diabetes before the index date or use of insulin alone as the first recorded AD; (3) any diagnosis of invasive 
cancer before the index date (other than nonmelanoma skin cancer); (4) for the bladder cancer cohort only, any 
recording of hematuria, cystoscopy or urine cytology performed within 6 months before the index date; and (5) for 
the breast cancer cohort only, any breast biopsy performed within 6 months before the index date. All dates of new 
use of dapagliflozin or eligible comparator ADs occurring during the study period will be evaluated as possible 
index dates. In the HIRD and PHARMO databases, all available eligible comparator patients will be used in the 
analysis. Depending on data availability, all eligible comparator patients will also be used in the analysis in the 
CPRD and in Medicare. However, if access to all comparator patients cannot be obtained, comparator patients will 
be frequency matched to the dapagliflozin patients in at least a 6:1 ratio (CPRD) or at least a 15:1 ratio (Medicare) 
by 5-year age groups, sex, geographic region, and calendar year of the index date. Dapagliflozin exposure is of 
primary interest to the study objectives, therefore all eligible dapagliflozin initiators will enter the dapagliflozin-
exposed cohort, even if an eligible AD comparator is initiated simultaneously with or subsequently to dapagliflozin. 
Only the first qualifying AD comparator episode will be considered eligible for matching and entry of a patient into 
the comparator cohort. 

Data Collection Methods 

Data Sources: The study will be conducted as a multinational study in populations covered in four population-
based automated health databases: the CPRD in the UK, which contains electronic medical records including 
outpatient diagnoses and prescriptions from general practitioner practices and mentions of diagnoses associated 
with hospitalizations; the PHARMO Database Network in the Netherlands, which includes health databases 
linked on a patient level including community (outpatient) pharmacy data and hospitalization data, the Dutch 
National Pathology Registry (PALGA), and the Netherlands Cancer Registry; and, in the US, the HIRD, which 
contains health insurance claims from one of the largest commercially insured population in the US, and the 
Centers for Medicare and Medicaid Services (CMS) Medicare data, which include health insurance claims from 
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the federally sponsored health insurance program for individuals in the US aged 65 years or older and 
individuals with permanent disabilities. 

Exposures: New use of dapagliflozin will be defined as the date of first dapagliflozin prescription in the data 
source (index date). New use of an AD in a different allowed AD class will similarly be defined as the date of 
first prescription for such a medication in the data source (index date). 

Outcomes: The primary outcomes in this study are female invasive breast cancer and in situ and invasive 
bladder cancer in males and females. Secondary outcomes, not all of which are available in all data sources, 
include the frequency of health service utilization including the number of physician, emergency department, 
and hospital visits; the number of specialty care visits; and numbers of urine cytologies, cystoscopies, visits for 
hematuria, mammograms, and breast biopsies. In addition, secondary invasive cancer outcomes include separate 
composite endpoints for males (prostate, colon/rectum, lung, stomach, non-Hodgkin lymphoma [NHL], and 
melanoma of skin) and for females (colon/rectum, lung, corpus uteri, ovary, stomach, NHL, and melanoma of 
skin). 

Follow-up: The date of cohort entry (the index date) will be the date an eligible patient has a first prescription 
or dispensing for dapagliflozin or another eligible AD class. Patients in the dapagliflozin cohort will remain in 
the dapagliflozin-exposed cohort, even if patients initiate treatment with other allowed ADs. However, a patient 
originally selected for entry into the comparator cohort might subsequently become eligible to enter the 
dapagliflozin-exposed cohort, if dapagliflozin is initiated. Follow-up will begin on the day after, but not 
including, the index date and will continue until the first occurrence of any of the cancer endpoints, death, 
discontinuation from the study database, or the end of the study. In a sensitivity analysis, follow-up will 
continue until the first occurrence of each specific cancer endpoint (regardless of a prior occurrence of any 
cancer during the study period). 

Data Analyses: Descriptive statistics will be calculated to compare baseline characteristics (e.g., demographic 
information, comorbidities, and medication use) at the index date between dapagliflozin initiators versus comparator 
AD initiators, by insulin use at the index date. Propensity scores at the index date will be estimated by logistic 
regression analyses, incorporating measured potential predictors of exposure group and calendar year of the index 
date as independent variables in the regression model and actual exposure group (dapagliflozin or comparator) as the 
outcome. Duration of lookback time will be included in the model. Incidence rates of female breast cancer, bladder 
cancer in men and women, and the two composite cancer outcomes (one in men and the other in women) will be 
determined in each cohort. Propensity score stratified analysis will be used to estimate adjusted incidence rate ratios 
(IRRs) of the outcomes of interest with 95% confidence intervals in dapagliflozin initiators versus other AD 
initiators. Changes in the intensification of diabetes treatment (based on the number of antidiabetic drugs of different 
classes) during follow-up will be evaluated as a time-dependent variable. In addition, an exploratory analysis will be 
conducted to assess if there is a trend of increasing cancer risk with increase in diabetes severity during follow-up. If 
there is a substantial association, diabetes severity will be evaluated via time-dependent Cox proportional hazards 
regression. Analyses will be conducted in each data source, and a pooled estimate will be calculated if deemed 
appropriate. 

Sample Size/Power: The observed study size will depend upon the market uptake of dapagliflozin in the 
populations covered by each of the study data sources. It is expected that approximately 80% of the accrued person-
years will be contributed by individuals not on insulin at the index date and 20% by those on insulin at the index 
date. Based on several assumptions, we estimate that over 10 years, there will be 9,500 person-years of 
dapagliflozin-exposed follow-up (7,600 person-years from those not on insulin at the index date) available in the 
CPRD and 5,800 person-years of dapagliflozin-exposed follow-up (4,640 person-years from those not on insulin at 
the index date) available in PHARMO databases. 

In the US, based on several assumptions, we estimate that there will be approximately 835,000 person-years of 
follow-up available among all new users of dapagliflozin (138,000 person-years in the HIRD and 697,000 person-
years in Medicare data) over 9 years. This exposure would include approximately 668,000 person-years among 
those not on insulin at the index date and 167,000 person-years among those on insulin at the index date. If females 
contribute half of the person-time, we expect 55,000 exposed person-years for females not on insulin at the index 
date in the HIRD and 279,000 person-years in Medicare data. 

Limitations/Strengths: In the CPRD, there may be inaccuracies in the recorded dates of cancer diagnosis and 
missing information from specialists. In the PHARMO Database Network, access to clinical information will 
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include hospital discharge diagnoses, outpatient prescription dispensing data, pathology diagnoses, clinical 
laboratory data, cancer registry data, and general practitioner data for a subcohort of the included patients. In the 
HIRD and Medicare cohorts, the health insurance claims databases include claims for all medical services for cohort 
members during the study period. The Medicare data cover a very large proportion of US residents aged 65 years or 
older, and the HIRD covers a large proportion of the US population younger than 65 years of age. Information on 
potentially important confounders such as high body mass index and smoking is virtually nonexistent unless 
treatment for either is detectable through claims. Therefore, an evaluation of the impact of missing confounders is 
planned. 

Differences in the availability of data to identify confounding variables and medical records across data sources, 
misclassification of exposures and outcomes, and the expected relatively small number of available dapagliflozin-
exposed study patients are additional limitations of this study. Detection bias and channeling bias are of specific 
concern for this study. Given dapagliflozin s mechanism of action and potential labeling for elevated risks of breast 
and bladder cancer, if dapagliflozin-exposed patients are subjected to increased medical surveillance and cancer 
diagnostic procedures, IRRs for these cancers may be biased upward during the early period of follow-up after 
treatment initiation. 
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1 INTRODUCTION 

Dapagliflozin (BMS-512148) is a highly potent, selective, and reversible inhibitor of the human 
renal sodium-glucose cotransporter 2 (SGLT2), the major transporter responsible for renal 
glucose reabsorption. Dapagliflozin lowers plasma glucose by inhibiting the renal reabsorption 
of glucose and by promoting its urinary excretion, making it a member of an emerging 
therapeutic class in the treatment of type 2 diabetes mellitus (T2DM) (Bristol-Myers Squibb 
[BMS] and AstraZeneca [AZ], 2013). 

Diabetes has been associated with an increased risk of several cancers, including those of the 
pancreas, liver, breast, colon and rectum, urinary tract, and female reproductive organs (Vigneri 
et al., 2009), and a decreased risk of prostate cancer (Kasper and Giovannucci, 2006; Kasper et 
al., 2009). The assessment of possible effects of antidiabetic drugs (ADs) on the risk of cancer 
should be considered against this background because any such effects may be superimposed 
upon direct or indirect effects of diabetes itself (and/or the prediabetic phase of the disease). 
Changes in cancer risk associated with diabetes and its treatment have been hypothesized to be 
mediated through several possible pathophysiologic mechanisms including hyperglycemia, 
hyperinsulinemia, and the action of insulin-like growth factor 1 and may be related at least in 
part to the prediabetic state characterized by increasing insulin resistance and hyperinsulinemia 
(Giovannucci et al., 2010). 

Possible effects of ADs on cancer risk may be confounded by the higher prevalence among 
patients with diabetes than the general population of risk factors for diabetes that are also risk 
factors for cancer. Such risk factors include obesity, decreased physical activity, energy-dense 
diet, alcohol use, and smoking. For example, in a systematic review and meta-analysis of 25 
prospective observational cohort studies, 24 reported an association between active smoking and 
the incidence of T2DM (pooled adjusted relative risk [RR], 1.44; 95% confidence interval [CI], 
1.31-1.58) (Willi et al., 2007). 

Short-term incidence of cancer among patients with newly diagnosed T2DM could also be 
affected by surveillance bias in a population undergoing frequent medical evaluation in whom 
diagnostic testing may be prompted by adverse effects of ADs. For example, if urinary tract 
infection or other urinary symptoms occur more commonly in patients treated with dapagliflozin 
than in the comparator cohort, it is possible that more cystoscopies or urine cytology 
examinations may be performed in the dapagliflozin-treated group. 

Epidemiology of Breast Cancer Among Patients With T2DM 

Several studies have shown an increased risk in breast cancer among women with diabetes. A 
meta-analysis of published studies conducted in populations of nine countries (Canada, 
Denmark, Italy, Japan, Korea, the Netherlands, Sweden, the United Kingdom, and the United 
States) found that women with diabetes had approximately a 20% higher risk of breast cancer 
than women without diabetes (RR, 1.20; 95% CI, 1.12-1.28) (Larsson et al., 2007). In the 
Nurses  Health Study, a modestly elevated risk of breast cancer (hazard ratio [HR], 1.17; 
95% CI, 1.01-1.35) was observed in patients with diabetes regardless of family history, age, 
obesity, physical activity, alcohol consumption, and reproductive factors (Michels et al., 2003). 
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Treatment with ADs may affect a diabetic woman s risk of breast cancer. In a case-control study 
conducted in a population of diabetic women in the General Practice Research Database, long-

 40 prescriptions, corresponding approximately to 5 or more years) was 
associated with a decreased risk of breast cancer compared with nonuse (adjusted odds ratio, 
0.44; 95% CI, 0.24-0.82) (Bodmer et al., 2010). Similarly, in a report from the Women s Health 
Initiative, metformin users among postmenopausal women with diabetes had a lower risk of 
breast cancer than postmenopausal women without diabetes (HR, 0.75; 95% CI, 0.57-0.99), 
whereas users of other antidiabetic drugs had a higher risk (HR, 1.16; 95% CI, 0.93-1.45) 
(Chlebowski et al., 2012). By contrast, in a study of patients with T2DM using data from The 
Health Information Network, no material differences were found in breast cancer risk among 
women treated with metformin compared with those who received sulfonylureas, those who 
received both metformin or sulfonylureas, or those who received insulin-based therapies. (Currie 
et al., 2009). Also, in a study carried out in the PHARMO Database Network, a lower risk of all 
malignancies was reported among patients treated with insulin glargine compared with patients 
treated with human insulin (HR, 0.75; 95% CI, 0.71-0.80), but the risk of breast cancer in the 
insulin glargine treated group was reported to be increased (HR, 1.58; 95% CI, 1.22-2.05) 
(Ruiter et al., 2012). 

Epidemiology of Bladder Cancer Among Patients With T2DM 

An elevated risk of bladder cancer among patients with diabetes has been reported in several 
observational studies. In a study by Bristol-Myers Squibb (BMS) using the PharMetrics 
insurance claims database, the estimated incidence rate of bladder cancer among adults with 
T2DM was 55.1 per 100,000 patient-years, corresponding to a relative risk of 2.8 (95% CI, 2.6-
2.9) compared with patients without diabetes (BMS, Epidemiology of Bladder Cancer in a 
Cohort of Adult Diabetics CV168-052, data on file, 2005). A meta-analysis of 16 studies (7 case-
control studies and 9 cohort studies) found that the summary relative risk of bladder cancer 
among patients with diabetes compared with patients without diabetes was 1.24 (95% CI, 1.08-
1.42) (Larsson et al., 2006). 

Recent observational studies of pioglitazone use have suggested an increased risk of bladder 
cancer compared with the risk in nonusers with diabetes. In a longitudinal cohort study 
performed within the Kaiser Permanente Northern California diabetes registry, pioglitazone was 
reported to increase the risk of bladder cancer after more than 24 months of treatment (HR, 1.4; 
95% CI, 1.03-2.0) (Lewis et al., 2011). These results were consistent with those from a 
retrospective cohort study conducted within 1,491,060 patients with T2DM aged 40-79 years 
followed for 4 years (2006 to 2009) in a large French health insurance organization (Neumann et 
al., 2012). Overall, 2,016 bladder malignancies were diagnosed, including 175 among 155,535 
pioglitazone users. An elevated risk of bladder cancer was found for men compared with women 
(HR, 7.7; 95% CI, 6.7-8.8) and for patients exposed to pioglitazone compared with unexposed 
patients (HR, 1.22; 95% CI, 1.05-1.43). More precisely, the increased risk was found in men, 
after 360 days of exposure, and after a cumulative dose of pioglitazone of at least 28,000 mg. 
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1.1 Study Rationale 

Cancer Data From Premarketing Clinical Trials 

As of May 2011, breast cancer was reported in 10 female patients (9 on dapagliflozin and 1 on 
control) across 17 completed phase 2b and 3 studies in the dapagliflozin clinical program. 
Female patients treated with dapagliflozin experienced a 0.4% risk of breast cancer versus 0.1% 
of controls; the incidence rate ratio was 4.41 (95% CI, 0.57-200.86). The estimated rate 
difference compared with controls was 339 events per 100,000 patient-years (95% CI, -381 to 
899), corresponding to detection of 1 excess case per 295 patient-years. All patients with breast 
cancer were aged more than 50 years, and 8 of the 10 patients were aged more than 60 years. 
Seven patients were also treated with other antidiabetic medications: insulin (n = 3), metformin 
(n = 3), and glimepiride (n = 1). All except a 53-year-old subject were postmenopausal. All cases 
were detected less than 1 year after exposure to dapagliflozin, and two were reported within the 
first 8 weeks of treatment. This short duration of exposure is inconsistent with the latency period 
for the development of chemically induced human breast cancers, which is typically several 
years to decades (Malone, 1993). Patients with breast cancer came from nine different countries 
across three continents, indicating no geographic clustering of the events. 

Since the time of the first Advisory Committee meeting, there have been three more cases of 
breast cancer on dapagliflozin and two more cases on control (BMS and AZ, 2013). The total 
number of breast cancer cases on dapagliflozin is 12 (0.45%), with an exposure adjusted 
incidence rate of 0.40 (95% CI, 0.21-0.70) vs. 3 cases on control, with an exposure adjusted 
incidence rate of 0.19 (95% CI, 0.04-0.56). The incidence rate ratio is 2.47 (95% CI, 0.64-14.10). 
With the new cases, the characteristics of the breast cancer cases continue to reflect those seen in 
the general population with respect to patient age and sex and with respect to tumor 
heterogeneity; as before, most of the cases were diagnosed within 1 year of treatment initiation, a 
short time frame for carcinogenesis. 

As of May 2011, bladder cancer was reported in 10 male patients (9 on dapagliflozin and 1 on 
control) across 19 phase 2b and 3 studies. The risk of bladder cancer was 0.06% among men 
treated with dapagliflozin versus 0.03% among those in the control group. The estimated 
incidence rate difference compared with controls was 125 events per 100,000 patient-years 
(95% CI, -180 to 376), corresponding to detection of 1 excess case per 800 patient-years. All 
patients with bladder cancer were male and most were aged 60 or more years. Microscopic or 
trace hematuria was reported for six patients before study treatment with dapagliflozin or 
placebo, which may indicate the presence of pre-existing bladder cancer (Kirkali et al., 2005). 
Six patients were also treated with other antidiabetic medications: insulin (n = 3), metformin 
(n = 2), and pioglitazone (n = 1). All 10 cases were reported within 2 years of starting study 
treatment, with a median time to event of 393 days and a range of 43 to 727 days. The long 
latency period (18 to 44 years) associated with carcinogen-induced bladder cancer (Matanoski 
and Elliott, 1981) suggests that the possibility of dapagliflozin treatment leading to de novo cases 
of bladder cancer is unlikely. Patients came from eight different countries across four continents, 
indicating no geographic clustering of the events. 
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Since the integrated database lock for Study 30-MU, one subsequent additional case detected 
early in the treatment course has been reported in a female patient in the ongoing add-on to 
sulfonylurea and metformin study (BMS and AZ, 2013). 

As of December 2013, there continues to be no overall imbalance in malignancies (BMS and 
AZ, 2013). As expected for a drug that does not cause cancer, variability in incidence rates 
across the different types of cancer continues to result in a number of organ systems where the 
malignancy incidence rate is lower in the control group and a number of organ systems where the 
incidence rate is lower in the dapagliflozin group. As before, none of the imbalances are 
statistically significant. 

Whereas numerical imbalances were observed in the incidence of breast and bladder cancer 
between dapagliflozin-treated patients and controls, the overall proportions of malignant and 
unspecified tumors in phase 2b and 3 studies were 1.4% of dapagliflozin-treated patients versus 
1.3% of control patients. In addition to breast and bladder cancer, we will also estimate the 
incidence of several additional cancer types in this study. To select cancers for study, we focused 
our attention on the 10 leading cancers by incidence in the European Union in 2012, as reported 
by Ferlay et al. (2013): prostate, female breast, large bowel, lung (including trachea and 
bronchus), corpus uteri, bladder, malignant melanoma of skin, ovary, kidney (including renal 
pelvis and ureter), and non-Hodgkin lymphoma (NHL). Two of these cancers (breast and 
bladder) are already specified as distinct endpoints in this study. Three others (prostate, corpus 
uteri, and ovary) are sex-specific, making it problematic to combine them into a composite 
cancer endpoint since not all cohort members would be at risk for all components of the 
endpoint. Therefore, we will evaluate two additional secondary endpoints, one in males and the 
other in females, defined as the composite incidence rate for the leading cancers (other than 
breast and bladder) for which males and females, separately, are at risk. 

This postauthorization safety study (PASS) is being conducted as part of the BMS/AstraZeneca 
(AZ) Dapagliflozin Risk Management Plan to monitor the safety of dapagliflozin in real-world 
use. This study is complementary to a proposed large cardiovascular outcome clinical trial where 
the risk of breast and bladder cancer will also be evaluated. This PASS will provide insight 
regarding the demographics of patients using dapagliflozin in usual clinical practice and is 
designed to estimate cancer risk among patients using dapagliflozin. 

As in most observational studies, the results of this PASS may be affected by detection bias or by 

bladder cancer, if dapagliflozin-exposed patients are subjected to increased medical surveillance 
and cancer diagnostic procedures, the hazard ratios for breast and bladder cancer in the 
dapagliflozin cohort compared with users of other ADs may be biased upward. Channeling bias 
could affect the study in two ways: (1) dapagliflozin could be preferentially prescribed to 
patients with fewer risk factors for breast and bladder cancer, thereby biasing the hazard ratio 
downward, or (2) dapagliflozin could be preferentially prescribed to patients with more severe 
diabetes (or to patients who have failed other therapies), potentially with more risk factors for the 
outcomes, thereby biasing the hazard ratio upward. Efforts to document and (where possible) 
address these methodological issues are discussed in this protocol. 
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1.2 Research Questions 

Research question 1: What is the estimated risk of breast, bladder, and other common cancers 
for patients with T2DM who are new users of dapagliflozin compared with those who are new 
users of antidiabetic treatments (ADs) in classes other than SGLT2 inhibitors, insulin 
monotherapy, metformin monotherapy, or sulfonylurea monotherapy? 

Research question 2: Given dapagliflozin s mechanism of action and potential labeling for 
breast and/or bladder cancer, is there differential medical surveillance (detection bias) for the 
diagnosis of these cancers for patients with T2DM who are new users of dapagliflozin compared 
with those who are new users of antidiabetic treatments in the other AD classes under study? 

2 STUDY OBJECTIVES 

2.1 Primary Objectives 

Primary objective #1: To compare the incidence of breast cancer, by insulin use at the index 
date, among females with T2DM who are new users of dapagliflozin and females who are new 
users of ADs in classes other than SGLT2 inhibitors, insulin monotherapy, metformin 
monotherapy, or sulfonylurea monotherapy. A list of the ADs eligible for inclusion in the 
comparator cohort can be found in Appendix 6. 

Primary objective #2: To compare the overall and sex-specific incidence of bladder cancer, by 
insulin use at the index date and pioglitazone use, among patients with T2DM who are new users 
of dapagliflozin and those who are new users of ADs in classes other than SGLT2 inhibitors, 
insulin monotherapy, metformin monotherapy, or sulfonylurea monotherapy. 

2.2 Secondary Objectives 

Secondary objective #1: To compare during follow-up the frequency of several measures of 
health care utilization (including outpatient visit frequencies and use of breast and bladder cancer 
screening and diagnostic tests), by insulin use at the index date, among patients with T2DM who 
are new users of dapagliflozin and those who are new users of ADs in classes other than SGLT2 
inhibitors, insulin monotherapy, metformin monotherapy, or sulfonylurea monotherapy. 

Secondary objective #2: To compare baseline patient characteristics, by insulin use at the index 
date, among patients with T2DM who are new users of dapagliflozin and those who are new 
users of other ADs in classes other than SGLT2 inhibitors, insulin monotherapy, metformin 
monotherapy, or sulfonylurea monotherapy and to identify important prognostic variables that 
should be balanced between exposure groups and that should be included in the propensity 
scores used in the primary analyses. 

Secondary objective #3: To compare the composite incidence of selected cancers (prostate, 
colon/rectum, lung, stomach, NHL, and melanoma of skin), by insulin use at the index date, 
among males with T2DM who are users of dapagliflozin and those who are users of ADs in 
classes other than SGLT2 inhibitors, insulin monotherapy, metformin monotherapy, or 
sulfonylurea monotherapy. 
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Secondary objective #4: To compare the composite incidence of selected cancers 
(colon/rectum, lung, corpus uteri, ovary, stomach, NHL, and melanoma of skin), by insulin use 
at the index date, among females with T2DM who are users of dapagliflozin and those who are 
users of ADs in classes other than SGLT2 inhibitors, insulin monotherapy, metformin 
monotherapy, or sulfonylurea monotherapy. 

2.3 Exploratory Objective 

Not applicable. 

3 STUDY DESIGN 

3.1 Overview of Study Design 

This is a multinational cohort study that will use existing automated population-based and 
administrative health care databases in the United Kingdom (UK), the Netherlands, and the 
United States (US). A cohort design will allow direct estimation of the incidence and relative risk 
of the outcomes of interest that are potentially associated with dapagliflozin use compared with 
use of other ADs. Further, the cohort design permits determination of outcomes at multiple time 
points, as well as the assessment of risk for a variety of exposure measures. 

The planned study duration is 10 years; however, duration will depend on the actual use of 
dapagliflozin in the populations covered by the targeted data sources. 

3.2 Study Population 

During the conduct of the study, patients will be identified at selected intervals, planned to be 
every 24 months. Study populations of patients with T2DM will be identified using data on 
general practice diagnoses and prescriptions in the Clinical Practice Research Datalink (CPRD) 
in the UK, pharmacy dispensings in the PHARMO Database Network in the Netherlands, and 
health insurance claims for outpatient medication dispensings in the Healthcare Integrated 
Research Database (HIRD®) and Centers for Medicare and Medicaid Services (CMS) Medicare 
databases of the US. These patients will be new users of dapagliflozin or other selected ADs, as 
detailed in Section 3.2.2, Inclusion Criteria. 

3.2.1 Definition of the Index Date/Cohort Entry Date 

Patients will enter the study cohort on the index date (see Section 3.2.2, Inclusion Criteria), 
which is defined as the date a patient was newly prescribed or dispensed dapagliflozin or an AD 
in another allowed class after the beginning of the study observation period, which is defined 
according to the time of approval of dapagliflozin in each country (see Section 2, Study 
Objectives). In the CPRD, the index date corresponds to the date a prescription is written by a 
general practitioner; in the PHARMO Database Network, HIRD, and Medicare databases, the 
index date corresponds to the date a prescription is dispensed at a community pharmacy. All 
dates of new use of dapagliflozin or eligible comparator ADs occurring during the study period 
will be evaluated as possible index dates. Dapagliflozin exposure is of primary interest to the 
study objectives, therefore all eligible dapagliflozin new use dates will qualify for entry into the 
dapagliflozin-exposed cohort, even if an eligible AD comparator is initiated simultaneously or 
subsequently. Only the first qualifying AD comparator prescription episode will be considered 
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eligible for matching and entry of a patient into the comparator cohort. A subsequent new AD 
prescription of a different qualifying comparator drug will not be eligible for inclusion into the 
comparator population for propensity score estimation. Furthermore, a patient who is selected as 
a comparison patient and later initiates dapagliflozin will be entered as a dapagliflozin new user 
and will have the comparator AD follow-up time censored and dapagliflozin follow-up time 
started at the time of dapagliflozin treatment initiation. 

Cohort entry (the index date) is defined as the date of the first prescription or dispensing of 
dapagliflozin or an eligible comparator AD. On the index date, eligibility will be assessed, and 
patient characteristics will be recorded; propensity scores will be estimated including calendar 
year of the index date. 

3.2.2 Inclusion Criteria 

Eligible patients must meet all of the following inclusion criteria: 

Patient was newly prescribed or dispensed dapagliflozin (with or without other ADs) or 
newly prescribed or dispensed an AD (with or without other ADs) in a class other than 
SGLT2 inhibitors, insulin monotherapy, metformin monotherapy, or sulfonylurea 
monotherapy on the index date. 

Patient was aged 40 years or older at the index date. 

 In the HIRD, was aged 40-64 years 

 In Medicare, was aged 65 years or older; was a participant only in the fee-for-service 
program (i.e., was not in a managed care program); was enrolled in Parts A, B, and D 
of the Medicare program for at least 180 days before entering the study (follow-up 
will be censored if Part D coverage is discontinued); was a resident in a US state or 
the District of Columbia; and eligibility for Medicare was not due to end-stage renal 
disease 

Patient was enrolled in the data source for at least 180 days before the prescription or 
dispensing index date. 

3.2.3 Exclusion Criteria 

Eligible patients must have none of the following exclusion criteria: 

The patient was prescribed a non-dapagliflozin SGLT2 inhibitor on or before the index 
date. 

The patient initiated metformin or sulfonylurea as AD monotherapy at the index date. 

The patient initiated insulin monotherapy at the index date. 

The patient had evidence of type 1 diabetes on or before the index date, or the first 
recorded AD is insulin monotherapy. 

The patient had any diagnosis of invasive cancer on or before the index date (other than 
nonmelanoma skin cancer, defined as basal and squamous cell skin cancers). 

For the bladder cancer outcome only: 

 The patient had a recording of hematuria within the 6 months prior to and including 
the index date. 
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 The patient had a cystoscopy or urine cytology performed within the 6 months prior 
to and including the index date. 

For the breast cancer outcome only: 

The patient had a breast biopsy performed within the 6 months prior to and 
including the index date. 

3.2.4 Rationale for Inclusion and Exclusion Criteria 

A minimum of 180 days of recorded information must be available before the index date to allow 
us to identify which prescriptions represent new use of dapagliflozin or a comparison AD. The 
minimum required period of 180 days before the index date is based on the assumption that 
prescriptions for study medications that do not represent new use will be recorded at least once 
during this period. This minimum required period of recorded data will also increase our ability 
to identify patients with a history of cancer. However, it remains possible that a small number of 
patients with a history of cancer may not be detected regardless of the duration of information 
available in the data source before the index date. 

The rationale for comparing new users of dapagliflozin with new users of ADs in a class other 
than SGLT2 inhibitors is to ensure that we do not miss potentially important associations that are 
due to the SGLT2 class after other compounds in the same class become available. 

The rationale for not including new users of insulin monotherapy in the comparison group is to 
enhance the comparability of the baseline characteristics of the comparison groups. Typically, 
patients with T2DM who initiate insulin are older, have more severe disease (more T2DM 
comorbidities), and have more poorly controlled diabetes after treatment with an oral AD. If 
dapagliflozin is primarily used among relatively newly diagnosed diabetics, inclusion of new 
insulin users in the comparison cohort could make it more difficult to obtain comparable 

- apagliflozin or 
another qualifying AD will be eligible for inclusion in this study, and all analyses will be 
stratified by baseline insulin use. 

The rationale for not including new users of metformin monotherapy or sulfonylurea 
monotherapy in the comparison group is that patients with diabetes often receive these drugs 
alone as initial AD treatment early in the course of the disease (e.g., UK National Institute for 
Health and Clinical Excellence [2015] and American Diabetes Association [2014] guidelines). It 
is not expected that dapagliflozin will be commonly used alone as initial AD treatment following 
diagnosis; therefore, comparability of the dapagliflozin and comparison cohort should be 
enhanced by excluding patients who are treated initially with metformin or sulfonylurea as 
monotherapy. In clinical practice, patients may be newly prescribed dapagliflozin or another AD 
with or without other ADs already prescribed as part of their regimen (i.e., patients may have 
new antidiabetic medications added on or they may switch agents). Therefore, we plan to include 
patients, regardless of whether or not they are taking other ADs (including insulin) at the time 
they are newly prescribed either dapagliflozin or an acceptable study AD. We will collect 
information on whether patients received prior antidiabetic therapy and, if so, whether the study 
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index 
date. 

3.2.5 Selection of Subjects 

Eligible study patients will be selected from the study data sources separately. All patients in 
each data source who meet inclusion and exclusion criteria and are new users of dapagliflozin 
will be included. All patients meeting inclusion and exclusion criteria who are new users of the 
first allowed comparator AD will be enumerated and considered for inclusion at the time of any 
identified prescription that qualifies as the index prescription. In the CPRD and Medicare, it may 
be necessary to select a subsample of AD users before propensity score estimation. In the CPRD, 
the subsample will be identified by frequency matching eligible comparator patients to 
dapagliflozin patients in at least a 6:1 ratio by 5-year age groups, sex, geographic region, and 
calendar year of the index date. In Medicare, a subsample of AD users will be randomly sampled 
in at least a 15:1 ratio to dapagliflozin patients. In the HIRD and PHARMO databases, all 
available eligible comparator patients will be used in the analysis. 

If it is necessary to select a subsample in the CPRD and Medicare, it is anticipated there will be a 
large number of comparator AD new users in these data sources, far more than would be needed 
to contribute meaningful statistical power and precision. The rationale for selecting at least 6 
comparator AD new users for each dapagliflozin new user in the CPRD and at least 15 
comparator AD new users in Medicare is to ensure that we have sufficient numbers of patients to 
develop the propensity score and to conduct secondary analyses, as needed. Sampling a larger 
number of comparator patients for each dapagliflozin-exposed user would add limited additional 
statistical power and precision. Random sampling of new comparator AD users in the CPRD and 
Medicare will occur each time new dapagliflozin-exposed patients are drawn from each data 
source or when a patient previously being followed in the comparator group becomes 
dapagliflozin exposed and is then entered into the dapagliflozin cohort. 

3.2.6 Cohort Entry and Follow-up 

As shown in Figure 1, eligible patients will be entered into the study cohort on the day of their 
first prescription or dispensing of dapagliflozin or the first allowed comparator AD (the index 
date). Follow-up for any patient in either the dapagliflozin-exposed or comparator cohorts will 
begin on the day after, but not including, the index date and will continue until the earliest of the 
following events: (1) diagnosis of any cancer, (2) death, (3) discontinuation in the health care 
data source, or (4) end of study. If a patient develops type 1 diabetes during follow-up (physician 
diagnosis in the CPRD or PHARMO or fulfillment of a claims definition in the HIRD or 
Medicare), follow-up time will be censored on the date of the diagnosis. In a sensitivity analysis, 
follow-up will continue until the first occurrence of each specific cancer endpoint (regardless of 
a prior occurrence of any cancer during the study period). In addition, for patients in the 
comparator cohort who subsequently receive dapagliflozin, follow-up time in the comparator 
cohort will be censored at the time they are eligible to enter the dapagliflozin cohort (i.e., the day 
of the prescription/dispensing of dapagliflozin will count as the last day of follow-up for the 
comparator AD). The rationale for this is to ensure that all new users of dapagliflozin who 
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otherwise meet eligibility requirements are included in the dapagliflozin-exposed cohort since 
dapagliflozin exposure is anticipated to be the limiting factor in the study size and exposure to 
dapagliflozin is of primary interest for the study objectives. 

Figure 1: Cohort Entry and Follow-up 

 
AD = antidiabetic drug. 

Follow-up of patients in either the dapagliflozin-exposed or comparator cohort will not end if 
other ADs or insulin are prescribed in addition to dapagliflozin or the comparator AD after the 



Dapagliflozin MB102-118 ST/D1690R00007 
BMS-512148 Observational Study Protocol

Date: 06 June 2023 24 

index date (i.e., add-on therapy). Follow-up of patients in either the dapagliflozin-exposed or 
comparator cohort will also not end if they switch to another AD (i.e., other than dapagliflozin). 
Moreover, patients in the dapagliflozin cohort who initiate treatment with other allowed 
comparator ADs will nonetheless continue to be followed in the dapagliflozin-exposed cohort 
and will not be eligible for selection into the comparator cohort because they are already 
considered to be dapagliflozin exposed. 

At no time during the study will any patient contribute follow-up time to both the dapagliflozin-
exposed and comparator cohorts simultaneously, and any cancer event will be counted only once 
(in the exposure category in which the patient is accumulating person-time at the time the event 
occurs). However, as previously noted, a patient originally selected for entry into the comparator 
cohort might subsequently become eligible to enter the dapagliflozin-exposed cohort. Such a 
patient would be counted twice in a tabulation of patients  characteristics at the index date since 
the patient would in effect have entered the study twice (once into each cohort). The number of 
such patients is expected to be low and will be reported if this occurs. 

Patients whose follow-up time in the comparator cohort is censored at such time as they become 
eligible for entry into the dapagliflozin cohort will not retroactively be excluded from the 
comparator cohort because doing so would make such a patient s original eligibility for selection 
into the comparator cohort dependent on a future event (initiation of dapagliflozin at a later date). 
The person-time accumulated by such a patient up to the time he or she qualifies for entry into 
the dapagliflozin-exposed cohort will be included in the analysis of cancer incidence rates in the 
comparator cohort (i.e., the day of the prescription/dispensing of dapagliflozin will count as the 
last day of follow-up for the comparator AD). Therefore, such a patient will not be replaced in 
the comparator cohort. We expect that there will be minimal attrition of patients in the 
comparator cohort for this reason and that the censoring of this small amount of patient follow-
up time will not have any material effect on estimation of the incidence of the study outcomes. 
Also, we expect that there will be some attrition of patients in both cohorts during the course of 
the study for the reasons listed in the first paragraph of this section; patients who leave the study 
for those reasons will similarly not be replaced. 

3.3 Data Source/Data Collection Process 

This study requires large data sources that capture longitudinal information on prescriptions 
(dispensing), inpatient and outpatient discharge diagnoses, and procedures on individuals and 
that allow for case adjudication via medical record review or linkage to a cancer registry. This 
study will be conducted using four longitudinal health care data sources (one in the UK, one in 
the Netherlands, and two in the US) that include demographic data, prescription or dispensing 
information, and medical diagnostic and procedure codes and/or cancer registry data. 

3.3.1 Clinical Practice Research Datalink  UK 

The Clinical Practice Research Datalink (previously the General Practice Research Database 
[GPRD]) contains diagnostic and prescribing information recorded by general practitioners 
(GPs) as part of their routine clinical practice in the UK. The data source coverage is 
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approximately 4 million of the UK population. These data are linkable, at least partially, with 
other health care data sets (e.g., hospitalization records and national mortality data) via the 
patient s National Health Service number, sex, date of birth, and postal code. Detailed 
information on prescriptions written by the GPs, including prescribed dosage, is automatically 
recorded in the data source. Read codes are used for diagnoses. Additional diagnostic and 
treatment information can be found in letters from specialists and hospitals, and other sources. 
Cancer diagnoses recorded in this data source have been found to be highly reliable in multiple 
studies. For example, one investigator reported that essentially all cases in the GPRD with a 
diagnostic code for esophageal cancer were confirmed to have had the disease (Walker, 2011). 
Moreover, where data were available to judge the time of clinical onset, the date was within 60 
days of the date recorded in the electronic medical record in 89% of cases. Similarly, in a study 
of calcium channel blockers and risk of cancer, among cancer cases for whom additional 
information was obtained directly from the patient s general practitioner, the diagnosis was 
confirmed in 95% of cases (Jick et al., 1997). In another GPRD study, changes similar to those 
reported in national cancer statistics were observed in age-specific breast cancer incidence 
patterns after the introduction of a UK national screening program (Kaye et al., 2000); although 
ecological, this finding provides indirect support for the validity of breast cancer diagnoses in 
this data source. The risk of bladder cancer has also been studied in the GPRD in relation to 
several exposures including acetaminophen (Kaye et al., 2001) and pioglitazone (Wei et al., 
2013). 

Some cases identified in the CPRD will also have information in the linked Hospital Episode 
Statistics (HES) database, which enables access to hospitalization data including disease and 
procedural coding and to cancer registry data in England. These linkages could provide 
validation of cancer diagnoses in patients who are subsequently hospitalized or who reside in 
England and are treated in a subgroup of general practices. HES-linked data will also be used to 
identify exclusions. Approximately 65% of the English practices contributing to the CPRD have 
consented to have their patient information linked, via a trusted third party, to other health care 
data sets via the patient s National Health Service number, sex, date of birth, and postal code. 
English practices represent approximately 75% of all practices contributing to the CPRD; 
therefore, approximately half of the total CPRD practices have these data links. 

The validation of cancer cases in the CPRD, if not possible in individual cases by review of the 
automated medical record entries, can be accomplished by sending questionnaires to the 
corresponding GPs for access to medical information related to the event of interest, including 
referral and hospital discharge letters, or by linkage to HES or cancer registry data. In a similar 
manner, information on confounding variables can be accessed from the diagnostic and other 
Read codes in the CPRD or questionnaires administered to the corresponding GPs. 

3.3.2 PHARMO 

3.3.2.1 PHARMO Database Network  the Netherlands 

The PHARMO Database Network is a population-based network of health care databases and 
combines data from different health care settings in the Netherlands. These different data sources 
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are linked on a patient level through validated algorithms. Detailed information on the 
methodology and the validation of the used record linkage method can be found elsewhere 
(Herings and Pedersen, 2012; van Herk-Sukel et al., 2010). 

The longitudinal nature of the PHARMO Database Network system enables follow-up of more 
than 4 million (25%) residents of a well-defined population in the Netherlands for an average of 
10 years. Data collection period, catchment area, and overlap between data sources differs. 
Therefore, the final cohort size for any study will depend on the data sources included. As data 
sources are linked on an annual basis, the average lag time of the data is 1 year. All electronic 
patient records in the PHARMO Database Network include information on age, sex, 
socioeconomic status, and mortality. 

The PHARMO databases planned for use in this study are described below. 

Outpatient Pharmacy Database 

The Outpatient Pharmacy Database comprises health care products prescribed by GPs or 
specialists and dispensed by an outpatient pharmacy. The dispensing records include information 
on type of product, date, strength, dosage regimen, quantity, route of administration, prescriber, 
and costs. Drug dispensings are coded according to the World Health Organization (WHO) 
Anatomical Therapeutic Chemical (ATC) Classification System (www.whocc.no/atc_ddd_index). 
Outpatient pharmacy data cover a catchment area representing 3.6 million residents. 

Hospitalization Database 

Taken from the Dutch hospital data, the Hospitalization Database comprises hospital admissions 
for more than 24 hours and admissions for less than 24 hours for which a bed is required. The 
records include information on discharge diagnoses, procedures, and hospital admission and 
discharge dates. Diagnoses are coded according to the International Classification of Diseases, 
and procedures are coded according to the Dutch Classification of Procedures. For more 
information, see: www.dutchhospitaldata.nl. 

Clinical Laboratory Database 

The Clinical Laboratory Database comprises results of tests performed on clinical specimens. 
These laboratory tests are requested by GPs and medical specialists in order to get information 
concerning diagnosis, treatment, and prevention of disease. The electronic records include 
information on date and time of testing, test result, unit of measurement and type of clinical 
specimen. Laboratory tests are coded according to the Dutch WCIA coding system 
(https://aut.nhg.org/labcodeviewer/). Clinical laboratory data cover a catchment area representing 
1.2 million residents. 

General Practitioner Database 

The General Practitioner (GP) Database comprises data from electronic patient records recorded 
by GPs. The records include information on diagnoses and symptoms, laboratory test results, 
referrals to specialists, and health care product/drug prescriptions. The prescription records 
include information on type of product, date, strength, dosage regimen, quantity, and route of 
administration. Drug prescriptions are coded according to the WHO ATC classification system 
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(www.whocc.no/atc_ddd_index). Diagnoses and symptoms are coded according to the International 
Classification of Primary Care (https://www.nhg.org/themas/artikelen/icpc), which can be mapped to ICD 
(International Classification of Diseases) codes, but can also be entered as free text. GP data 
cover a catchment area representing 1.5 million residents. 

National Pathology Registry 

The nationwide network and registry of histo- and cytopathology in the Netherlands is 
maintained by the PALGA (Dutch National Pathology Registry) and comprises excerpts of 
histological, cytological, and autopsy examinations. Electronic records include information from 
abstracts of pathology reports, consisting of a summary of the report and the PALGA diagnosis, 
which is structured along five classification axes: topography, morphology, function, procedure, 
and diseases. To obtain these data, permission is needed on a project basis. For more 
information, see www.palga.nl. 

3.3.2.2 Netherlands Cancer Registry 

The Netherlands Cancer Registry (NCR) is maintained by the Netherlands Comprehensive 
Cancer Organisation and comprises information on newly diagnosed cancer patients in the 
Netherlands, including cancer diagnosis, tumor staging (according to the TNM-classification 
developed and maintained by the Union for International Cancer Control (UICC, 
[www.uicc.org])), tumor site (topography) and morphology (histology) (according to the WHO 
International Classification of Diseases for Oncology (ICD-O-3, [www.who.int])), comorbidity 
at diagnosis, and treatment received directly after diagnosis. To obtain NCR data, permission is 
needed on a project basis. For more information, see www.iknl.nl. 

3.3.3 Healthcare Integrated Research Database  US 

Carelon Research (formerly HealthCore, Inc.), established in 1996, is a wholly owned subsidiary 
of Anthem, Inc., which is one of the largest health benefits companies in the US in terms of 
medical membership. Anthem is an independent licensee of the Blue Cross and Blue Shield 
Association and serves its members as the Blue Cross licensee in 14 states and through UniCare. 
Anthem is also the parent of Health Management Corporation, a preventive health and disease 
management company. 

The HIRD contains fully adjudicated paid claims from the largest commercially insured 
population in the US, with dates of service for all noncapitated ambulatory, emergency 
department, inpatient, and outpatient encounters (including administrative claims for laboratory 
tests) for members with eligibility at the time of service. It also includes claims for outpatient 
dispensings of prescription pharmaceuticals from pharmacies. The full HIRD database dates 
back to 01 January 2006, with a subset of all the plans in the database and to 01 January 2004, 
for all the plans represented in the database. The majority of data can be accessed from that time 
period through the most recent update. Data are updated monthly, with an approximate 3-month 
time lag for greater than 95% capture of paid medical claims. The lag for pharmacy data is 
shorter, with approximately 98% paid within 30 days. As of January 2014, the HIRD contained 
claims information for approximately 35.8 million lives available for research. In addition, 
Carelon Research has the ability to abstract inpatient and outpatient medical records for the 
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health plan members represented in the HIRD, identify and contact providers and members for 
survey research through vendor relationships, and link data to national vital records. The HIRD 
enables rapid access to US population-based health data resources representing all major 
geographic regions and health care settings and varied clinical indications that permit long-term 
longitudinal patient follow-up. The specific geographic regions represented in the HIRD include 
the Northeast, Mid-Atlantic, Southeast, Midwest, Central US, and West. The HIRD has been 
used as a data source in multiple studies related to safety outcomes and validation. 

Health plans contributing data to the HIRD include several different lines of business such as 
health maintenance organizations, point-of-service plans, preferred provider organizations, and 
indemnity plans. 

Patient enrollment data, medical care, prescription drug use, laboratory test results, and health 
care utilization can be tracked for each patient in the database. Diagnoses and procedures are 
identified by ICD-9-CM or ICD-10-CM,1 Current Procedural Terminology (CPT), and 
Healthcare Common Procedure Coding System (HCPCS) codes for both outpatient visits and 
inpatient stays. Drug claims are captured by National Drug Codes (NDCs), which can be 
translated to broader, more meaningful classification systems such as Generic Product Identifier 
codes. Standard Logical Observation Identifier Names and Codes are used to define specific 
laboratory test result data. Physician, specialist, and emergency department visits, as well as 
hospital stays, are captured in the database through CPT codes, uniform billing (UB-92) revenue 
codes (e.g., room and board), and place-of-service codes. Information on physician specialty is 
also retained in the database. 

Patients 65 years of age or older will be excluded from this data source to avoid any duplication 
with the Medicare data source. In addition, patients in the HIRD will be censored during follow-
up the day before their 65th birthday. 

3.3.4 Medicare  US 

Medicare is a US federal benefit program that provides health insurance for citizens and 
permanent residents aged 65 years or older and some disabled people younger than 65 years. 
Medicare coverage comprises four parts: Part A: Hospital Insurance; Part B: Medical Insurance; 
Part C: Medicare Advantage; and starting in 01 January 2006, Part D: Medicare Prescription 
Drug Coverage (CMS, 2013). 

Data for services provided under Part A, B, and D insurance are claims for payment that are 
submitted to Medicare by an individual provider or a health care facility. Claims are intended to 
record the service that was provided, using detailed diagnostic, procedure, and drug codes, for 
Medicare reimbursement of each claim service. The diagnosis recorded on the claim is used by 
Medicare to understand the justification for the service, as coverage excludes some care that is 
deemed not medically necessary. However, diagnoses on a claim cannot be presumed to be 
clinically confirmed. Distinguishing claims diagnoses that are being ruled out from those that are 

                                                           
1 ICD-9-CM = International Classification of Diseases, 9th Revision, Clinical Modification; 
ICD-10-CM = International Classification of Diseases, 10th Revision, Clinical Modification. 
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confirmed is a challenge in some claims database studies. Data on laboratory test results are not 
available. 

Similar to the HIRD database, diagnoses and procedures are identified by ICD-9-CM or 
ICD-10-CM, CPT, and HCPCS codes for both outpatient visits and inpatient stays. Additionally, 
the Part D data claims file contains information on prescription drug fills, including product 
codes (NDCs), quantity dispensed, and days  supply. 

There is currently a two-year lag in accessing Medicare Part D data. Generally, Medicare 
releases Part D data each January. Therefore, if the first interim comparative analysis occurs in 
January 2018, Medicare data would be available through the end of 2015. 

3.4 Definitions of Study Variables 

3.4.1 Outcomes/Endpoint Variables 

Primary outcomes include invasive breast cancer among females only (Appendix 1, Table 1-1; 
Appendix 2, Table 2-1; and Appendix 3, Table 3-1) and invasive and in situ bladder cancer 
among males and females (see codes in Appendix 1, Table 1-2; Appendix 2, Table 2-1; and 
Appendix 3, Table 3-2). Secondary invasive cancer outcomes include prostate, colon/rectum, 
lung, stomach, NHL, and melanoma of skin among males only and colon/rectum, lung, corpus 
uteri, ovary, stomach, NHL, and melanoma of skin among females only (see codes in Appendix 
1, Table 1-3 through Table 1-10; Appendix 2, Table 2-1 through Table 2-3; and Appendix 3, 
Table 3-3 through Table 3-10). 

Secondary outcomes include the individual frequencies of measures of health service utilization 
such as the number of physician, emergency department, hospital, and specialty care visits; urine 
cytology urinalysis (including hematuria); cystoscopy; mammography; and breast biopsy (see 
codes in Appendix 4). 

3.4.1.1 Electronic Case Identification 

The approach for case identification will be tailored for each data source based on the 
characteristics of the data source and prior knowledge related to the ascertainment and validation 
of cancer endpoints. All cases initially identified will be considered provisional cases and at least 
a sample will undergo case validation. 

In the CPRD, clinical Read codes, which are the standard clinical terminology system 
used in general practice in the UK, and ICD-102 codes (for patients in the general 
practices able to link to HES data) will be used to screen for potential cancer cases in the 
study cohorts. Recording of at least one Read code or one ICD-10 code for a targeted 
neoplasm in a patient included in the study cohorts will be considered sufficient to meet 
provisional case designation (see Appendix 1 for Read codes). 

In the PHARMO Database Network, International Classification of Diseases for 
Oncology, Third Edition (ICD-O-3) codes will be used in the linked cancer registry data 
to identify all cancer cases of interest for the study. Secondary outcomes data will be 
available in the PALGA database: urine cytologies (PALGA code: T7X100 with type of 

                                                           
2 ICD-10 = International Statistical Classification of Diseases and Related Health Problems, 10th Revision. 
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research performed = cytology), bladder biopsies (PALGA code: T74XXX and P114X 
with type of research performed = histology), and breast biopsies (PALGA code: 
T04XXX and P114X with type of research performed = histology). The PALGA 
regisstry contains information on the entire population of the Netherlands and can be 
linked to all patients in the other data sets being used in this study. 

In the HIRD and Medicare databases, initial case identification will be based on the 
application of algorithms that have been applied in previous research. Details on the 
algorithms will be described in the statistical analysis plan. For assessment of secondary 
outcomes, ICD-9-CM procedural codes will be used and will be specified in the statistical 
analysis plan. 

Final code lists will be included in the data development plan to be developed once the protocol 
is final. Other health care utilization variables, such as ADs prescribed after the index date, will 
also be explored. Some of these outcomes may be assessable only in the CPRD, HIRD, and 
Medicare data because primary care records are not available for most of the cohort to be 
included from PHARMO. Final code lists for diagnostic and procedure codes for secondary 
outcomes will be included in the statistical analysis plan. 

If possible, stage of the tumor at the time of diagnosis will be ascertained for breast and bladder 
cancer cases from the data sources and/or from the medical record. 

3.4.1.2 Case Validation for Breast and Bladder Cancer Cases 

For each data source, the validation process will be detailed in the validation plan, to be 
developed in the future. In summary, patients initially identified by clinical Read codes 
(Appendix 1) in the CPRD and by ICD-9-CM and ICD-10-CM codes (Appendix 3) in the HIRD 
and Medicare data with primary malignancies of interest will be considered provisional cases. 
For a subset of up to 125 provisional cases with bladder cancer and up to 125 provisional cases 
of female breast cancer, we will conduct further validation, blinded to study drug exposure, via 
electronic medical record review (CPRD clinical file) or linkage of data from GP questionnaires 
to HES or cancer registry data in the CPRD, and by medical record review in the HIRD and 
Medicare data. Additional case validation in PHARMO will not be necessary as all cases will be 
identified through linked cancer registry data. 

Additional detail for each data source is provided below. 

CPRD 

In the CPRD, provisional cases will be considered confirmed if there is supportive evidence of a 
cancer diagnosis, specifically, a relevant pathology (morphology) Read or ICD-10 code or 
evidence of appropriate cancer-specific therapy (surgery, radiation therapy, chemotherapy, 
hormonal therapy, or other targeted or biological therapy), or a code for cancer care review, 
within the period from 1 month before to 3 months after at least two recorded diagnostic codes 
for the endpoint malignancy or, in the case of the cancer care review code, at any time after the 
diagnoses (but with no additional, different cancer diagnosis in the interval between the study 
cancer diagnosis and the occurrence of the cancer care review code). Provisional cases will also 
be considered confirmed if subsequent clinical events (referrals, hospitalizations, or death) are 
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associated with appropriate clinical Read or ICD-10 codes for the cancer diagnosis. Mastectomy 
will be considered sufficient evidence of a diagnosis of breast cancer, but excisional biopsy 
(lumpectomy) will not be considered sufficient because it can be used as either a diagnostic or 
therapeutic procedure and therefore some excisional biopsy specimens show no evidence of 
malignancy. Similarly, cystectomy within 1 month before or 3 months after a recorded code of 
bladder cancer will be considered sufficient evidence of a diagnosis of bladder cancer, but 
transurethral resection alone will not be considered sufficient evidence because it can be used as 
either a diagnostic or a therapeutic procedure. 

If after review of additional information in the electronic medical records (CPRD clinical file) it 
is not possible to decide whether a provisional case is a confirmed case or is not a case, 
consideration will be given to attempting further validation using (1) questionnaires to GPs 
(which can be conveyed by staff at the CPRD who will mask any personally identifying 
information before forwarding the information received to the analysts) or (2) linkage with the 
cancer registry in England or HES data. Currently, approximately 65% of the English practices 
contributing to the CPRD have consented to have their patient information linked, via a trusted 

National Health Service number, sex, 
date of birth, and postal code. English practices altogether represent approximately 75% of 
practices contributing to the CPRD; therefore, approximately half of the total CPRD practices 
have this link. (It is expected that as the CPRD expands over the next 2 years there will be a 
further increase in the proportion of the covered population who have linked information in these 
external data sources.) Such additional case validation will take additional time to complete 
beyond the time needed for electronic medical record review. Therefore, at the time of each 
analysis, there will likely be some confirmed cases and some cases that remain classified as 
provisional cases. At subsequent analyses, depending on what additional data are available, a 
provisional case may be found to be a confirmed case, may be found not to be a case, or may 
remain a provisional case if insufficient additional information has become available since the 
previous analysis. Analyses to address the study objectives will be conducted using cases 
identified using the electronic coding algorithm that was validated during the medical record 
review; separate analyses will be conducted using only confirmed cases. The primary analysis 
will have some misclassification, but if the positive predictive value of the algorithm is relatively 
high, the results of the two analyses will be similar, and estimates from the combined analysis 
will be more precise than estimates from the analysis restricted to confirmed cases. 

PHARMO 

Additional procedures for case validation in PHARMO data will not be necessary in this study 
because cases will be ascertained through linkage to the NCR, which records all new cancer 
cases in the Netherlands, according to the following process. The NCR receives lists of newly 
diagnosed patients on a regular basis from the pathology departments. In addition, the medical 
records departments of the hospitals provide lists of outpatient and hospitalized cancer patients. 
Following this notification, the medical records of newly diagnosed patients (and tumors) are 
collected, and trained registrars from the cancer registry abstract the required information. Data 
are checked for duplicate records. 
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Several possible time lags in this process must be taken into account, and the duration of these 
time intervals may vary by cancer type: (1) interval from the time a case is diagnosed clinically 
in a clinician s office or inpatient facility to when the case is initially reported to the cancer 
registry; (2) interval from the initial report to the cancer registry to the time full reporting is 
completed (including complete stage information and details of initial treatment); and (3) interval 
from the time a case is partly or fully recorded in the cancer registry to the time the data are 
available in the PHARMO linkage. It is estimated that data validating diagnoses of breast cancer 
for this study should be available within approximately 4 months after initial reporting and that 
data validating diagnoses of bladder cancer should be available within approximately 6 months 
to 1 year after initial reporting. Analyses to address the study objectives will be conducted using 
only confirmed cases; since we do not anticipate that there will be a category of provisional cases 
in PHARMO, separate analyses using confirmed and provisional cases combined will not be 
necessary. 

HIRD and Medicare 

Validation of provisional cases in HIRD and Medicare data will be performed through review of 
medical records. Cases will be considered confirmed if there is supportive evidence of a cancer 
diagnosis; that is, recorded treatment or procedure codes for cancer-specific therapy (surgery, 
radiation therapy, chemotherapy, hormonal therapy, or other targeted or biological therapy), 
within the period from 1 month before to 3 months after at least two recorded diagnostic codes 
for female breast cancer or bladder cancer (males and females). 

Patient identifiers (name, date of birth, and social security number) can be requested from CMS. 
If the request is approved, these can be used for further data abstraction. Additionally, each 
individual or institutional provider has a unique identification number that is used to identify 
specific providers. A sample of relevant potential cases will be identified from each cohort, and a 
list will be sent to separate trusted third parties for Medicare and for HIRD. Each third party will 
contact the individual provider to obtain the required information from relevant medical records. 
For patients in the Medicare database, details from the medical record will be obtained by record 
abstraction. For patients in the HIRD, redacted copies of pertinent portions of the medical record 
will be obtained. Structured forms for abstraction in Medicare and for guiding the copying of 
relevant records for HIRD patients will be used to collect the relevant information to confirm the 
outcome (these forms will be provided as part of the study report). Final confirmation of cases 
will be conducted independently by endpoint adjudicators who will be blinded to exposure to 
medications and will be identified by RTI Health Solutions (RTI-HS) and Carelon Research. 

3.4.2 Exposure/Independent Variables of Interest 

Exposure will first be classified according to treatment at the index date 
patient in the comparator group who subsequently qualifies for entry into the dapagliflozin 
group, person-time in the comparator group will be censored at the time the patient qualifies for 
entry into the dapagliflozin group and subsequent person-time will be classified as exposed to 
dapagliflozin. By contrast, for a patient in the dapagliflozin group, person-time will not be 
censored if a comparator AD is started. Therefore, the person-
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-
ersu ot yet  

For many known carcinogens and promoters, cancer risk increases with cumulative exposure. 
 exposure classification already described; we will 

analyze the effect of dapagliflozin according to mutually exclusive categories of cumulative 
exposure. Since there is no variable for days of medication supplied in the prescription 
information in the CPR
recorded number of prescriptions in the CPRD. The recorded number of dispensings will be used 
similarly in PHARMO data. Using the number of prescriptions or dispensings as a proxy for 
cumulative exposure assumes that most prescriptions were written for a standard period of use 
(typically 1 month) and that the prescribed daily dosage of dapagliflozin (recommended dose is 
10 mg dapagliflozin once daily) does not vary substantially among prescriptions/dispensings. 
The validity of these assumptions will be assessed using the PHARMO Outpatient Pharmacy 
Database, in which the duration of use for each dispensing can be calculated by dividing the 
number of units dispensed by the number of units to be used per day as defined in the 
pharmacies. We will evaluate whether there is evidence of any trend of increasing cancer risk 
with increasing cumulative exposure to dapagliflozin (see further discussion in Section 4.1, 
Statistical Analysis Methods). In HIRD and Medicare data, the number of days  supply, when 
available, will be summed to estimate cumulative exposure. 

 

3.4.3 Other Covariates/Control Variables 

The following data will be collected from the data sources for all study patients at the index date 
whenever available: age, sex, calendar year, geographic region, duration of lookback time, 
socioeconomic status, medical comorbidities, and concomitant medications. The following 
health service utilization data will be collected for a period of 180 days before but not including 
the index date: number of physician outpatient, emergency department, hospital, or specialty care 
visits. Duration of T2DM and measures of the degree of control of metabolic abnormalities in 
patients with T2DM are potentially important covariates; however, this information will not be 
evaluable in HIRD and Medicare data and may not be evaluable consistently in the CPRD and 
PHARMO databases. 

We will collect information on whether patients received prior antidiabetic therapy and/or if they 
added on  or were switched to  dapagliflozin or other ADs at the time they initiated treatment. 

Changes in treatment will be treated as time-dependent variables. We will evaluate these 
on   as potential confounders or effect modifiers. If sample size 
permits, the added on  and switched to  populations will be analyzed separately. These 
covariates will be evaluated as potential effect modifiers and confounders at the time the study 
drug (dapagliflozin or comparator) was initiated (prescription index date) rather than at the time 
of cohort entry; therefore, they will not be included in the propensity scores. 

Use of additional ADs (other than the AD that qualified a patient for cohort entry) will be 
monitored during follow-up as potential confounders. To be considered exposed to an additional 
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third analyses should show progressively reduced effects of surveillance (detection of prevalent 
cases) related to starting a study AD drug. 

All conversion of the original data to analysis variables will be performed using SAS software, 
version 9.2 or higher (Cary, NC: SAS Institute Inc.; 2008).3 Data management will be carried out 
in accordance with RTI-HS, PHARMO, and HIRD standard operating procedures. Routine 
procedures include checking electronic files, maintaining security and data confidentiality, 
following the SAP, and performing quality-control checks of all programs. Researchers at 
RTI-HS will be responsible for analyzing data from the CPRD and Medicare, and researchers at 
PHARMO and the HIRD will analyze data from these organizations. Data extraction 
programming for creating the study population from the HIRD and creating the analytic file will 
be performed in accordance with Carelon Research Programming Standards. The Carelon 
Research Programming Standards are a set of documents describing data extraction and data 
development methods that are referenced in Carelon Research standard operating procedures. 

Given the published findings suggesting an association between pioglitazone and bladder cancer 
(Lewis et al., 2011), all analyses relating to bladder cancer in the present study will be conducted 
with and without users of pioglitazone in the dapagliflozin-exposed and comparator cohorts. If 
sufficient data are available, a subgroup analysis in concomitant users of dapagliflozin and 
pioglitazone may be carried out to determine how much, if any, increase over additivity of 
effects there is among patients exposed to both agents. 

4.1.1 Propensity Score Approach 

Demographic, medical, and clinical factors that may be associated with the decision to begin 
therapy with a particular AD may also be associated with the outcome. However, the number of 
outcomes will likely be small, limiting the number of variables that could be included in a 
regression model that predicts these outcomes (Cepeda et al., 2003). To address this difficulty, 
we will summarize the set of confounding variables into a single propensity score, based on 
knowledge of potential confounding variables associated with cancer risk. The propensity score 
is the predicted probability of being assigned to a particular treatment conditional on a set of 
observed covariates (Braitman and Rosenbaum, 2002; D Agostino, 1998; Perkins et al., 2000). 

Within each data source, propensity scores will be estimated by conducting logistic regression 
modeling and incorporating measured potential predictors of therapy as independent variables. 
The outcome variable in the propensity score model is exposure status (dapagliflozin-exposed vs. 
comparator cohort). Selection of variables to adjust and include in the propensity score modeling 
will be factors that are associated with a reported increase or decrease in cancer risk. Variables to 
be considered for propensity score derivation, which include demographic, clinical (medical 
comorbidities and concomitant medications), and health care utilization variables present at or 
before the index date, are listed in Table 1, Table 2, and Table 3; they will be assessed if 
available in the data source. Indicator variables for the duration of lookback time and timing of 
information on key covariates may also be included. As noted in the above tables, in the US 

                                                           
3 Copyright, SAS Institute Inc. SAS and all other SAS Institute Inc. product or service names are registered 
trademarks or trademarks of SAS Institute Inc., Cary, NC, USA. 
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HIRD and Medicare databases, some variables such obesity, smoking, and alcohol consumption 
will not be available. However, it should be noted that some clinical diagnosis variables that 
would be useful in estimating propensity scores in a study of cancer outcomes will not be 
available in the linked PHARMO outpatient pharmacy, hospitalization, clinical laboratory, 
pathology, and cancer registry data. To the extent possible, drug prescription proxies for 
diagnoses will be identified. 

In the CPRD, if it is not feasible to obtain data for all eligible comparators, a subsample of AD 
users will be identified prior to propensity score estimation. The subsample will be identified by 
frequency matching eligible comparator patients to dapagliflozin patients in at least a 6:1 ratio by 
5-year age groups, sex, geographic region, and calendar year of the index date. Similarly, in 
Medicare, if it is not possible to obtain data from all available comparators, a subsample of AD 
users will be randomly sampled in at least a 15:1 ratio to dapagliflozin patients using the same 
matching criteria. For the HIRD and PHARMO, 
propensity score models before stratification. Operationally, propensity score strata will then be 
formed separately for each data source. For all analyses, we will exclude patients who have 
estimated propensity scores outside the range that is common to both dapagliflozin-exposed and 
comparator cohorts. This process is known as trimming.  Trimming occurs at both ends of the 
propensity score scale. At the lower end, we will exclude all patients, exposed or unexposed, 
who have a propensity score below the 2.5 percentile value of the distribution of scores among 
the exposed group. At the upper end, we will exclude all patients, exposed and unexposed, with 
scores greater than the 97.5 percentile of scores among the comparators. 

Within each set of propensity scores, after trimming, the data will be stratified into deciles of 
propensity scores based on the distribution among new users of dapagliflozin. Within each of 
these 10 propensity score based strata, we will investigate the extent to which covariates are 
balanced between the two treatment groups by visual inspection of the distribution of covariates 
and use of the absolute standardized difference to assess the balance of measured baseline 
covariates between the dapagliflozin group and the comparator AD group before and after 
propensity stratification (Austin, 2009). Any imbalance will be addressed by either revising the 
propensity score model or by making adjustments in the final outcome model (Braitman and 
Rosenbaum, 2002; Perkins et al., 2000). We will report the number of patients trimmed from the 
analysis because of nonoverlap of propensity scores. If using deciles to create strata results in 
strata that are too small, it may be necessary to combine adjacent deciles within a given year of 
the index date. 

4.1.2 Primary Objective #1  Calculation and Comparison of Female Breast 
Cancer Incidence Rates 

Analyses will initially be conducted separately within each data source. The incidence of breast 
cancer cases among females after the index date will be estimated in the dapagliflozin-exposed 
and comparator cohorts. The following incidences and comparisons will be generated: 

Crude incidence and incidence rate ratio (IRR), estimated by insulin use at the index date, 
among the dapagliflozin-exposed group versus those unexposed to dapagliflozin 
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Propensity score adjusted incidence and IRR, estimated by insulin use at the index date, 
among the dapagliflozin-exposed group versus those unexposed to dapagliflozin 

Incidence and trend in incidence according to cumulative exposure to dapagliflozin, 
estimated by insulin use at the index date 

Cumulative incidence function graphs for breast cancer in the two groups 

The adjusted IRRs will be the primary endpoint. In CPRD and Medicare data, crude IRRs will 
facilitate comparison with the adjusted IRRs to provide an indication of the degree of 
confounding. 

The number of new cases of breast cancer during follow-up will be determined within each data 
source. Person-time for each patient will be determined as the time between the index date and 
the date of first diagnosis of breast cancer, the last day of available follow-up in the data source, 
death, end of study, end of the risk window for the index AD, or the first diagnosis of any other 
invasive cancer, whichever occurs first. The total person-time of observation among individuals 
at risk will then be calculated. The incidence rate of breast cancer will be estimated by insulin 
use at the index date in each cohort. Crude and adjusted rates will be calculated as the number of 
new cases of disease during the observation period divided by the total person-time of 
observation among individuals at risk. Incidence rates will be reported as point estimates (cases 
per 10,000 person-years) and 95% CIs. Adjusted incidence rates will be adjusted at least by 
propensity score and will be derived separately by data source. 

Cumulative dose of dapagliflozin use will be measured as described previously. The incidence 
rate of breast cancer will be calculated within categories of cumulative dose as the number of 
new cases of disease during the follow-up period in a given category of cumulative dose divided 
by the total person-time observed in this cumulative dose category. We will investigate whether 
there is any trend of increasing cancer risk with increasing cumulative dose of dapagliflozin. In 
this analysis of breast cancer rate by cumulative dose of dapagliflozin, patients in the comparator 
cohort will be analyzed in a dose category of zero. Because selection bias for dapagliflozin 
treatment or residual confounding may apply preferentially to the zero dose category more than 
other dose categories, we will also explore whether omitting the zero dose category yields a 
substantially different trend analysis. Results will be reported as a point estimate (cases per 
10,000 person-years) and 95% CI. Separate analyses will be conducted for confirmed cases and 
for confirmed plus provisional cases combined. 

4.1.3 Primary Objective #2  Calculation and Comparison of Bladder Cancer 
Incidence Rates 

Bladder cancer overall and sex-specific incidence will be analyzed similarly to breast cancer 
incidence, as described in the preceding section. If a sufficient number of pioglitazone-exposed 
patients are included in the study, we will explore whether the incidence of bladder cancer in 
those exposed to both pioglitazone and dapagliflozin is estimated to be higher than the expected 
additive effect of the two exposures independently. 



Dapagliflozin MB102-118 ST/D1690R00007 
BMS-512148 Observational Study Protocol

Date: 06 June 2023 43 

4.1.4 Secondary Objective #1  Frequency and Comparison of Health Care 
Utilization During Follow-up 

Measures of health care utilization during follow-up will be compared between new users of 
dapagliflozin and new users of comparator ADs within the CPRD, the HIRD, and Medicare data 
and will be stratified by insulin use at the index date. The use and frequency of diagnosis-
specific tests that may lead to a diagnosis of breast or bladder cancer, including cystoscopy, 
mammography, and breast biopsy, will be summarized for the dapagliflozin-exposed and 
comparator groups to describe the medical surveillance intensity and to determine whether the 
pattern of tests that might lead to a study outcome diagnosis differ between exposure groups. 
Categorical utilization variables will be summarized by frequencies and proportions, and 
continuous variables will be summarized by means and standard deviations or medians and 
interquartile ranges. 

When appropriate, we will evaluate health care utilization that is associated with a diagnosis of 
cancer using proportional hazards regression. We will examine the strength of the association 
(expressed as unadjusted hazard ratios with 95% CIs) of dapagliflozin use between patients with 
and without each factor of interest. Variables that are associated with a change in the estimate of 
the effect of dapagliflozin use by 10% or more in relative risk (crude analysis vs. analysis 
stratified on variable of interest) will be included in multivariable proportional hazards 
regression models to determine independent predictors of cancer diagnosis (estimated as adjusted 
hazard ratios with 95% CIs). 

4.1.5 Secondary Objective #2  Frequency and Comparison of Baseline 
Patient Characteristics 

We will tabulate and compare patient characteristics at the index date stratified by baseline 
insulin use between patients with T2DM who are new users of dapagliflozin and those who are 
new users of ADs in classes other than SGLT2 inhibitors, insulin monotherapy, metformin 
monotherapy, or sulfonylurea monotherapy. 

Descriptive statistics will be generated within each data source to compare baseline 
characteristics between dapagliflozin users and comparator AD users, separately within 
categories of baseline insulin. Categorical variables will be summarized by frequencies and 
proportions, and continuous variables will be summarized by means and standard deviations or 
medians and interquartile ranges. The following variables will be characterized, where available: 

Age stratified by sex 

Duration of history in data source before the index date 

Summary of all AD medications used at the index date (other than dapagliflozin) 

Switch versus add-on initiation 

Smoking history 

Family history of cancer 

History of chronic obstructive pulmonary disease (COPD) or asthma 

History of alcoholism or alcoholic liver disease 
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History of human immunodeficiency virus (HIV)/AIDS

Results of the descriptive analyses will be used to inform the stratification of subsequent 
analyses. 

In the CPRD, outpatient diagnoses and prescriptions will be used to ascertain the medical 
history. In the PHARMO Database Network, hospital discharge diagnoses for all patients and 
outpatient diagnoses for a small subcohort will be available; however, medical conditions that 
are treated, such as hypertension, can be identified from pharmacy dispensings. In HIRD and 
Medicare data, outpatient diagnoses and prescription and inpatient discharge diagnoses will be 
used to ascertain medical history. Selection of variables to adjust and include in the propensity 
score modeling will be factors that are associated with a reported increase or decrease in cancer 
risk based on available literature. After cases are ascertained, we will assess whether factors 
included in the propensity score model are predictors of the primary outcomes within the study 
population. 

4.1.6 Secondary Objectives #3 and #4  Comparison of Composite Cancer 
Incidence Rates for Selected Cancers Among Males and Females 
Separately 

The composite incidence of the selected invasive cancers will be determined within each data 
source for males and females separately. These analyses will be similar to those for the primary 
objectives (incidence of female breast cancer and of bladder cancer in both sexes). For the 
analysis of the composite endpoints, a patient will be followed until the first occurrence of any of 
the cancers that the endpoint comprises. Therefore, person-time accumulation will be calculated 
separately for these analyses compared with those for the primary study objectives. The 
incidence rates of the composite cancer endpoint will be determined in each exposure group, 
stratified by propensity score, as the number of new cases of any of the selected cancers during 
the follow-up period divided by the total person-time observed after the index date, estimated by 
insulin use at the index date. Each result will be reported as a point estimate (cases per 10,000 
person-years) and 95% CI. 

4.1.7 Evaluation of Time-Varying Factors 

Time-dependent variables such as change in the severity of diabetes and changes in the 
intensification of diabetes treatment (i.e., based on the number of antidiabetic drugs of different 
classes that are prescribed simultaneously), that could represent possible confounders and effect 
modifiers will be assessed and classified during follow-up time. The degree to which we can 
pursue analyses of these factors is contingent on the number of outcome events. If any of these 
factors is considered an important possible confounder or effect modifier, adjustment for the 
factor will be performed via time-dependent Cox proportional hazards regression, implemented 
by categories of insulin use at the index date and including propensity score deciles at the index 
date, the categorical time-dependent indicator (i.e., diabetes severity and/or change in stage of 
diabetes treatment), and calendar year. 
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4.1.8 Imputation of Missing Values 

We expect that relatively few key variables will have notable missing values, with the possible 
exception of lifestyle variables. The pharmaceutical exposures and comorbidities are expected to 
be based on outpatient prescriptions and to be complete. If there are considerable missing data 
for lifestyle covariates, multiple imputation will be used to fill in missing values for the 
propensity score creation and multivariable analyses. The decision to use multiple imputation 
will depend on the strength of the association between the variable and treatment and the extent 
of missing data. Based on information from the observations with nonmissing values, we will 
impute five simulated versions of the dataset. The imputed datasets will be used for creation of 
propensity scores and in the multivariable analyses, with the results being combined 
appropriately to generate final point estimates and CIs. In theory, this should give point estimates 
with equal or less bias than those that would be obtained if we had limited the sample to those 
with complete data, and it should give greater precision because of the larger number of patients 
that will be included using this method as opposed to restricting the analysis to observations with 
complete data. The specific approach will be detailed in the statistical analysis plan. 

We have selected the multiple imputation approach because existing methods for imputation 
penalize the standard errors when imputing data and multiple imputation allows for better bias 
correction than most alternatives, including the complete-case approach, for many, although not 
all, applications. The complete-case approach can be very costly of information in a body of 
high-dimensional data, since the proportion of complete cases will decline with the increase in 
the number of variables. 

4.1.9 Sensitivity Analyses 

The effect of some carcinogens and promoters on cancer risk decreases after exposure is 
discontinued. Therefore, if a sufficient number of patients accumulate a relatively high 
cumulative exposure to dapagliflozin and are observed to experience an increased cancer risk, we 
will explore whether such risk decreases with time since discontinuation (conditional on the 
category of cumulative dose received). Since the analysis is stratified by cumulative exposure, its 
utility depends on having a sufficient number of patients with substantial cumulative exposure to 
dapagliflozin who subsequently discontinued its use. If there are few such patients, strata with 
high cumulative exposure and varying times since discontinuation will be sparsely populated and 
this analysis will add little information to the cumulative exposure analysis. 

If it is suspected that there is residual confounding in one or both data sources (for example, due 
to lack of information on one or more confounding variables), an approach that can be used to 
reduce the amount of such confounding is external adjustment of the estimate from analysis of 
each data source study with residual confounding (Lash and Fink, 2003). We will assess the 
effect of unmeasured confounders, one at a time, on the association between dapagliflozin use 
and the primary cancer outcomes by assuming a plausible range of values for the prevalences of 
each of the unmeasured confounders among the dapagliflozin group and the comparator group 
and risk ratio for the association between each of the unmeasured confounders and the outcome 
of interest (Chapter 5 in Lash et al., 2009). For example, female reproductive risk factors such as 
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age at menarche or whether a woman breast fed can be risk factors for breast cancer and are 
likely to be unmeasured. Based on the available literature, we can assume a reasonable range of 
prevalence values for a given unmeasured confounder and a specific relative risk for the 
association of the risk factor and the outcome of interest to give a range of modified values for 
the associations between exposure and outcomes observed. However, at this time there is no 
reason to expect differential distribution of reproductive risk factors between dapagliflozin and 
other AD users among the study population. 

Sensitivity analyses without stratification on categories of insulin use will also be conducted. 
Other sensitivity analyses will explore the potential for surveillance bias by evaluating the risk of 
cancer in relation to time since first exposure to the study drugs and by a lag time analysis to 
assess the temporal relation of risk to exposure that restricts analysis to different windows of 
follow-up time after the index date. To explore the effect of potential differences in the risk of 
death between the dapagliflozin cohort and the comparator AD cohort, estimation of all-cause 
mortality rates, accounting for person-years at risk in each cohort, will be performed where 
feasible. The mortality rate ratio and 95% confidence intervals will be calculated. Cause-specific 
death rates will not be calculated because data on underlying cause of death are not recorded in 
all data sources. An additional sensitivity analysis will be conducted that does not censor follow-
up at the occurrence of any of the cancer endpoints. Patients will continue to be eligible to 
experience a study outcome, even if they experienced a different type of cancer earlier in follow-
up. In this approach, all breast and bladder cancers will be identified. However, limitations in the 
ability to distinguish between primary and secondary cancers should be taken into account. 

4.1.10 Pooled Analyses 

If the results of the study across all four data sources are similar for at least one of the primary 
outcomes (i.e., plausibly differing only from sampling variability), techniques will be used to 
pool the data from the different data sources. The pooled analysis will be designed to estimate 
the effect of the exposure while controlling for confounding using the data stratified on 
propensity scores. The data source will be retained as a stratification variable, so the effect 
within each data source can be estimated. 

Mantel-Haenszel techniques will be used to pool the data from each data source and calculate 
overall adjusted incidence rate ratios. This analysis is designed to estimate the effect of the 
exposure while controlling for confounding by using data source specific propensity score 
stratification. 

If it is suspected that there is residual confounding in any of the data sources (for example, due to 
lack of information on one or more confounding variables), external adjustment can be used to 
reduce the amount of such confounding (see Section 4.1.9) (Lash and Fink, 2003). 

4.1.11 Power/Sample Size 

The observed study size will depend upon the market uptake of dapagliflozin. Currently, we 
estimate that in the CPRD at the end of 10 years, there will be approximately 9,500 person-years 
of follow-up available among all new users of dapagliflozin. These estimates are based on the 
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following assumptions: average number of patients aged 40 years and older with a newly 
prescribed AD with at least 180 days of prior enrollment was 10,150 per year in the CPRD 
(CPRD data as of 31 December 2011); the proportion of new users starting dapagliflozin among 
patients who meet these inclusion criteria will be 1%, 2%, 3%, 4%, and 5% during the first 5 
years of the study and 5% for each subsequent year; and the annual loss to follow-up will be 5%. 
Using similar assumptions, we estimate approximately 5,800 person-years of follow-up available 
among new users of dapagliflozin in PHARMO databases after 10 years. Assuming 
approximately 20% of new dapagliflozin users will be on insulin at the index date (Hall et al., 
2012), the CPRD will contribute approximately 7,600 person-years of follow-up from those not 
on insulin at the index date and 1,900 from those on insulin at the index date; and PHARMO will 
contribute 4,640 and 1,160 person-years in these categories, respectively. If women contribute 
approximately half of these person-years of follow-up, after 10 years the CPRD will provide a 
total of approximately 3,800 female person-years of follow-up among women who were not on 
insulin at their index date. 

In the US, we estimate that there will be approximately 835,000 person-years of follow-up 
available among all new users of dapagliflozin (138,000 person-years in the HIRD and 697,000 
person-years in Medicare data) over 9 years. This exposure would include approximately 
668,000 person-years among those not on insulin at the index date and 167,000 person-years 
among those on insulin at the index date. If females contribute half of the person-time, we expect 
55,000 exposed person-years for females not on insulin in the HIRD and 279,000 person-years in 
Medicare data. These estimates are based on the following assumptions: (1) 37.7% of oral AD 
users are aged 65 years or older (Boccuzzi et al., 2001); (2) 80% of oral AD users aged < 65 
years are aged 40-64 years; (3) of the US population aged 65 or more years, 34.15% are covered 
by Medicare Part D in a non-managed care program, so their data will be available for research; 
(4) the HIRD covers 6% of the US population aged 40-64 years; (5) each new user will 
contribute 1.5 years of person-time in the HIRD, and there will be no turnover in Medicare after 
the initial 180-day assessment for comorbidities etc.; (6) 80% of patients in the HIRD and 92% 
of the patients in Medicare will have at least 180 days of enrollment eligibility prior to starting 
the drug; and (7) approximately 20% of new dapagliflozin users will be on insulin at the index 
date (Hall et al., 2012). 

Therefore, we estimate there will be a total of 850,000 person-years of follow-up among new 
users of dapagliflozin across all four data sources, including 425,000 person-years of exposed 
follow-up among all new female users and 340,000 person-years of exposed follow-up among 
females not on insulin. 

To provide precision estimates in relation to the projected study size based on the breast and 
bladder cancer outcomes, we first estimated the background incidence rates using data from the 
UK and the Netherlands as reported in GLOBOCAN 2008 (http://globocan.iarc.fr/, GLOBOCAN online 
analysis tool; accessed 20 July 2012) and from the US as reported by the Surveillance, 
Epidemiology, and End Results (SEER) program of the National Cancer Institute. The expected 
incidence of breast cancer among women with diabetes aged 40 years and older was estimated as 
the background rate for this age group in the general population multiplied by 1.2, which is the 
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propensity scores, which will be allowed to differ among the data sources. Electronic health care 
data sources do not include information for all possible confounders. Specifically, information 
regarding genetic risk factors (e.g., BRCA1 and BRCA2), family history, and lifestyle (e.g., 
exercise habits, alcohol consumption, and cigarette smoking) are captured to a great extent in the 
electronic medical records comprising the CPRD but, except for the subcohort of patients for 
which PHARMO GP data are available, data on these risk factors are not available in the 
PHARMO Database Network or the HIRD and Medicare data that will be used for this study. 

As with any database study, identification of medical events is limited to data that are captured 
as part of the medical record and other linked sources in which data are not collected primarily 
for research purposes and will rely on appropriate diagnostic codes to detect events. Cancer cases 
can be validated in the CPRD by review of electronic codes in medical records, questionnaires to 
GPs, or linkage to cancer registry data. Cancer cases in the PHARMO linked cancer registry are 
already validated according to standard procedures. Ascertainment of cancer outcomes in claims 
databases such as the HIRD and Medicare databases is challenging due to the nature of the 
databases, the lack of clinical precision on the diagnostic coding system used (ICD-9-CM), and 
the lack of information on tumor histology or confirmed pathological data. Validation of cancer 
cases will therefore require review of medical records for information on cancer treatments and 
procedures to support the validity of the cancer diagnosis. 

Requiring a minimum history of only 180 days before the index date will limit our ability to 
control for duration of diabetes and other chronic conditions. However, this limitation has to be 
balanced with the ability to generate statistically meaningful numbers of exposed patients to test 
for associations. Increasing the length of the minimum duration of required history would limit 
study size further. 

Multivariable analyses cannot eliminate residual confounding from unmeasured factors, as is 
always true for observational studies. Propensity score stratification can achieve a high degree of 
balance between comparison groups on the presence or absence of dozens of variables, but it 
may leave unbalanced the unmeasured and unknown characteristics and confounders. For 
example, dapagliflozin-exposed patients could experience proportionally more bladder 
symptoms (e.g., increased volume excretion, increased frequency of urination, urinary tract 
infections) that could lead to more clinical work-up but would not necessarily be reported as 
symptoms or clinical signs in the data sources. If this occurs, then we may see a spurious 
association between dapagliflozin exposure and bladder cancer. Thus, there is the possibility that 
the results remain affected by unmeasured confounders. However, such a confounder would have 
to be moderately prevalent, strongly associated with exposure to dapagliflozin, and strongly 
predictive of the outcome to affect the results of this study. To assess the effect of unmeasured 
confounders on the association between dapagliflozin use and breast and bladder cancer, we will 
conduct sensitivity analyses to estimate the degree of possible bias that might be present 
assuming a plausible range of values for such potential confounders. 

Confounding by indication (or channeling bias) is a common bias in observational 
pharmacoepidemiology studies whereby the indication for therapy may be associated with both 
treatment and outcome. Since patients who receive a particular drug therapy typically have more 
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severe disease or a perceived higher risk (due to self-selection or physician preference) than 
patients not on the medication, selection of treatment can be confounded with clinical and 
nonclinical patient factors that may be related to outcomes of interest. New medications may be 
prescribed differentially to healthier patients, whom physicians believe could tolerate a product 
with a lesser-known safety profile, or to patients who have more severe disease, have failed 
previous treatment regimens, or have contraindications to other drugs (e.g., thiazolidinediones 
are not recommended for use in patients with heart failure). New medications may also be 
prescribed differentially by physicians who are early adopters  of new technologies. As much 
as possible, such considerations are taken into account by the propensity score, but some aspects 
may remain unmeasured and could result in residual confounding. Specifically, dapagliflozin 
could be preferentially prescribed to patients with more severe diabetes or those who have failed 
other therapies. Dapagliflozin could also be preferentially prescribed to patients with fewer risk 
factors for breast and bladder cancer. These channeling patterns could bias the hazard ratio 
toward or away from the null. 

5.2 Detection Bias 

Detection bias is characterized by systematic differences between comparison groups in how 
outcomes are ascertained, diagnosed, or verified. It is a potential artifact in epidemiologic data 
caused by the use of a particular diagnostic technique or type of equipment or through enhanced 
medical surveillance. For example, cancer rates in this proposed study may vary between the 
treatment groups not because of an actual difference in the incidence of the disease but because 
of differences in the frequency of medical surveillance and cancer diagnostic procedures. Such 
detection bias is particularly possible when the cancer under study progresses slowly or can be 
present for a long time without causing symptoms that would prompt medical attention. This 
potential problem could be magnified if the labeling for use of dapagliflozin calls attention to an 
elevated risk of breast or bladder cancer that was observed in clinical trials. At the end of this 
study, additional analyses to better characterize detection bias may be executed. 

5.3 Other Sources of Bias 

Misclassification bias can result if study patients are not categorized correctly with regard to 
exposure or outcome. We expect little misclassification with respect to exposure since this will 
be determined from prescribing/dispensing records. However, actual adherence to dapagliflozin 
or other ADs cannot be confirmed. Further, misclassification as to whether the patient is a new 
user could exist if providers supplied samples of dapagliflozin or comparator ADs for varying 
duration to patients, at no cost, and with no record in the data source. This will vary by country 
and data source and could result in different results in the different data sources. 

Classification of type 2 versus type 1 diabetes mellitus may also be a source if misclassification. 
Potential patients with evidence of type 1 diabetes mellitus (T1DM) are to be excluded. 
However, with the repeated health care that individuals with T1DM or T2DM require, we 
anticipate that classification of diabetes type will be obvious from the relative frequency of the 
use of these two diagnoses in individual patients. 
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Misclassification of the outcome will be minimized by using medical records and cancer registry 
data, to the extent available, to confirm clinical diagnoses of cancer. Lack of information before 
the minimum 180 days of history before the index date could also be a source of bias because 
previous diagnoses of cancer could be missed. However, additional information obtained during 
the 180 days before the index date will mitigate this risk. Slightly underestimated rates in the 
female composite cancer endpoint may occur because women not at risk of ovarian and uterine 
cancer rates (e.g., women with oophorectomy or hysterectomy performed) were not removed 
from the female cohort. 

Although we acknowledge that the use of a composite endpoint using multiple cancers may mask 
a potential elevated risk of one cancer if there is a protective effect for another cancer or if the 
magnitude of the effect on one cancer is not great enough to be apparent, the intent of these 
analyses is to identify a potential signal and if a signal is identified, further investigation into the 
individual cancers may be explored. 

5.4 Study Size 

In any electronic data resource, a proportion of patients on antidiabetic therapy might not meet 
the requirement for the full, minimum 180-day period of history before the index date. This is 
less a problem in the UK and the Netherlands than it is in the United States, where antidiabetic 
therapy could be started soon after joining a health plan for people with established T2DM. Also, 
patients whose characteristics are such that their propensity scores fall into the trimmed tails of 
the propensity score distribution will not be analyzed (although their number will be reported). 
Although this is a minor limitation with respect to study size, it is a strength with respect to the 
balancing effect of stratifying by propensity score decile. These limitations may modestly 
decrease the available study size, but will increase the validity of the comparison. 

Certain subgroup analyses may involve small numbers, which will make results imprecise. The 
ability to meet the sample size projections depends upon the uptake of dapagliflozin. It is 
currently projected that at the end of 10 years, the combined data sources will have 
approximately 850,000 person-years of exposure to dapagliflozin, approximately 680,000 of 
those not on insulin at the index date and 170,000 of those on insulin at the index date. 

5.5 Generalizability 

The study results will be generalizable to patients with T2DM in the UK, Netherlands, or US 
who would have met the inclusion and exclusion criteria. Using medical record and cancer 
registry data from primary care practices in the UK and the Netherlands (instead of limiting the 
study to hospitalized patients, for example) increases the potential to generalize the results to 
broader populations. Results from the Medicare data will be generalizable to US patients with 
T2DM aged 65 years or older and not in a residential care facility. Results from HIRD data will 
be generalizable to the patients with T2DM among the employable US population. 
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6 STUDY CONDUCT 

This study will be conducted in accordance with International Society for 
Pharmacoepidemiology (ISPE) (2015) Guidelines for Good Epidemiology Practices and 
applicable regulatory requirements including European Medicines Agency (EMA) Guideline on 
Good Pharmacovigilance Practices: Module VIII  Post-Authorisation Safety Studies (EMA, 
2017a). As with all research at RTI International, RTI-HS will request review of the protocol by 
the RTI International institutional review board (IRB), and we anticipate that the IRB will 
exempt the protocol from IRB review because the study data will not have any patient identifiers. 

6.1 Ethics Committee Review and Informed Consent 

This study does not require review and approval by ethics committees or informed consent. 

6.1.1 Ethics Committee Review 

6.1.1.1 CPRD 

RTI-HS will prepare the request and submit the study protocols to the CPRD s Independent 
Scientific Advisory Committee (ISAC) (http://www.CPRD.com/isac) for approval. The CPRD has 
obtained ethical approval from a Multicenter Research Ethics Committee (MREC) for all 
observational research using CPRD data without patient involvement; however, ISAC may 
recommend that the MREC review the study documentation if any ethical issues arise. 

6.1.1.2 PHARMO 

Research using the PHARMO Database Network is conducted in collaboration with investigators 
at the PHARMO Institute, which conducts research according to the latest directives regarding 
privacy and handling of data. Ethical approval will not be relevant because pharmacy records 
and all data sources used are anonymous and are linked through probabilistic linkage using 
demographic variables of the patients. All other identifying information will be deleted after the 
linkage with the hospital records from the various data sources. This approach is approved by the 
Dutch Data Protection Authority. Researchers have information only on sex and age of the 
patient. Permission is needed to obtain the data from the partnership data sources (NCR and 
PALGA). Approval for a study using the PHARMO GP data is required from the Raad van 
Toezicht,  a research ethics review board. 

6.1.1.3 HIRD 

This component of the larger study is designed as an analysis based on medical and pharmacy 
claims data from a large insured population in the US. There is no active enrollment or active 
follow-up of study patients, and no data will be collected directly from individuals. 

Carelon Research maintains Data Sharing Agreements and Business Associate Agreements with 
all covered entities who provide data to the HIRD. Carelon Research
disclosure of protected health information (PHI) are in compliance with the Health Insurance 
Portability and Accountability Act (HIPAA) Privacy Rule (45 CFR Part 160 and Subparts A and 
E of Part 164). Carelon Research does not access, use, or disclose identifiable PHI unless under a 
specific waiver of authorization (e.g., a HIPAA Waiver of Authorization from an IRB). Carelon 
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Research accesses the data in a manner that complies with federal and state laws and regulations, 
including those related to the privacy and security of individually identifiable health information. 

As PHI must be accessed in order to conduct the medical record acquisition, a HIPAA Waiver of 
Authorization will be applied for from an IRB. Carelon Research will submit the protocol to a 
central IRB for review and approval. Approval is typically provided within 2 to 3 weeks of 
submission. Once IRB approval is obtained, Carelon Research vendor will proceed with 
medical record acquisition. If changes to the protocol are required, Carelon Research will submit 
an amendment to the IRB. As the IRB is independent, Carelon Research cannot control the 
approval or whether there are conditions for the approval. 

Notwithstanding receipt of approval from a central IRB, in some instances, individual 
institutions may require approval from their local IRB, which would require a separate protocol 
submission and, in some cases, additional fees. In these cases, Carelon Research, RTI-HS, and 
AZ will need to agree whether or not to proceed with chart acquisition from these institutions. 

Carelon Research will provide to the vendor only the minimum amount of patient information 
that is necessary to accomplish the medical record acquisition. Carelon Research uses only 
vendors that follow federal and state laws and regulations, including but not limited to privacy 
and security rules such as HIPAA. 

At no time during the conduct of this study will Carelon Research provide patient- or provider-
identifying information to RTI-HS, BMS, or AZ. Only aggregated data will be reported to 
RTI-HS, BMS, and AZ. 

6.1.1.4 Medicare 

For use of Medicare data, CMS requires that IRB review and approval be obtained before use of 
Medicare data for research can be approved. This protocol will be reviewed by the RTI 
International IRB before applying to use Medicare data and will undergo a continuing IRB 
review at least once per year. 

Under the Privacy Rule (CFR 45 164.512), CMS may disclose protected health information for 
research without documentation of individual authorization only if an IRB or a CMS Privacy 
Board has approved a waiver of research. Such a waiver must be provided to CMS. 

Data requests for research identifiable data must be reviewed by the CMS Privacy Board to 
ensure that any study patient eed for identifiable data is justified. 

Investigators will ensure the confidentiality of individually identifiable medical information of 
the study patients. All personal identifiers will be removed in accordance with applicable laws 
and regulations from all verification records and files that are accessible to nonstudy personnel, 
and code keys will be stored separate from the study verification files. All personnel with access 
to data containing personal identifiers will sign a pledge to maintain the confidentiality of study 
patients and will maintain an ability to verify the origin and integrity of data sets from which 
personal identifiers will have been removed. 



Dapagliflozin MB102-118 ST/D1690R00007 
BMS-512148 Observational Study Protocol

Date: 06 June 2023 57 

6.2 Responsibilities Within the Study 

The study shall be conducted as described in this approved protocol. All revisions to the protocol 
must be discussed with, and be prepared by AZ. 

6.2.1 Sponsor Roles and Responsibilities 

The sponsor, AZ, is responsible for providing reasonable resources for study implementation and 
to assure study progress. They are also responsible for communicating with regulatory agencies 
about the study protocol, the progress of the study, and study findings. 

6.2.2 Investigator Roles and Responsibilities 

The study investigators at RTI-HS, PHARMO, and Carelon Research share responsibility with 
BMS and AZ for the design of the study. The investigators at RTI-HS are responsible for 
conducting the CPRD and Medicare components in a manner that meets regulatory and 
methodologic standards, conducting analyses, and preparing scientific reports. The investigators 
at Carelon Research and PHARMO are responsible for analysis in their respective databases in a 
manner that meets methodologic and regulatory standards, conducting analyses, and preparing 
scientific reports. 

The study shall be conducted as described in the approved protocol. The authors will not develop 
or implement any deviation or change to the protocol without prior review by AZ. 

6.3 Confidentiality of Study Data 

The confidentiality of records that could identify patients within the data source must be 
protected, respecting the privacy and confidentiality rules in accordance with the applicable 
regulatory requirement(s). 

Data that could directly  

6.4 Quality Control 

Experienced RTI-HS programmers in the United States will perform all analyses for the CPRD 
data. To ensure the integrity and quality of the study results, RTI-HS will follow the 
programming validation life cycle process for all analyses. This includes quality-checking 
programs, logs, and output for accuracy according to relevant standard operating procedures. All 
programs will be independently reviewed by a second programmer/analyst. 

At PHARMO, all researches and analyses are administered in such a manner that the data 
selection and statistical analyses can be reproduced and verified. All programming will be 
independently reviewed by an experienced analyst at PHARMO, and all results and reports are 
audited by the quality-control department. Requests for control of the working methods by 
external parties need to be sufficiently grounded but can be submitted to the board of directors. 

Carelon Research zed around the Quality Manual, the quality checks 
within the project life cycle, and the standard operating procedures. Carelon Research performs 
internal audits to endure adherence to the quality system according to a formal procedure and has 
procedures for retention of PHI and project data. The study will be tracked at various levels to 
help ensure that all aspects including project delivery, infrastructure, quality processes, resource 
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management, and financial issues are addressed. To help ensure the highest level of quality on 
every project, Carelon Research has established multiple layers of quality assurance throughout 
the project life cycle. 

Role-Based Control Checks: Each member of the team is responsible for performing 
thorough quality assurance checks on his or her work. In addition, the Project Director in 
collaboration with the Lead Epidemiologist is also accountable for the quality of all 
deliverables. 

 
management cycle to help ensure accurate translation of programming requests. 

Quality Assurance Standards: Standard review procedures have been developed and are 
applied throughout the project life cycle. 

Automation: Carelon Research has developed standard definitions of many variables and 
disease states and developed programs to apply these standards as needed on projects. 
These standards help ensure consistency, repeatability, and accuracy for each project. 

The Carelon Research team documents the progress and scientific and quality review of all study 
activities and deliverables (e.g., protocol, reports, and manuscripts) in a project log. The project 
log provides documentation of the major study tasks related to a specific study activity 
performed by the research team, to develop and execute the requirements of the protocol or other 
guiding document for a Carelon Research project. In addition, the project log documents the 
quality assurance measures performed for each study activity during the conduct of the research 
project. Also, any research team and/or sponsor interaction resulting in a change to study 
specifications (e.g., protocol, study database, variables in the analytic files) is described in the 
project log. This is necessary to ensure that such communications are appropriately documented, 
that the most up-to-date versions of relevant documents are readily identifiable, and that affected 
documents are clearly tracked in the project log. 

This project will be guided by a written analysis plan to ensure that all collaborators conduct 
quality-control checks of all aspects of data manipulation and analysis and preparation of study 
deliverables. The analysis plan will specify that all collaborators will establish and maintain 
adequate documentation of performance of major tasks. The RTI-HS Office of Quality 
Assurance will conduct periodic audits during the study to ensure that such documentation meets 
the necessary standards, especially the completion of these quality-control checks, according to 
the analysis plan. 

6.5 Database Retention and Archiving of Study Documents 

The investigator must retain all study records and source documents for the maximum period 
required by applicable regulations and guidelines, or institution procedures, or for the period 
specified by the sponsor, whichever is longer. The investigator must contact the sponsor prior to 
destroying any records associated with the study. Location of the study database and supporting 
documentation will be outlined in the final observational study report. 

The location of analysis data sets and supporting documentation will be outlined in the final 
observational study report. 









Dapagliflozin MB102-118 ST/D1690R00007 
BMS-512148 Observational Study Protocol

Date: 06 June 2023 62 

Centers for Medicare and Medicaid Services (CMS). Medicare Program - General Information. 
2013. Available at: http://www.cms.gov/Medicare/Medicare-General-
Information/MedicareGenInfo/index.html. Accessed 22 February 2017. 

Cepeda MS, Boston R, Farrar JT, Strom BL. Comparison of logistic regression versus propensity 
score when the number of events is low and there are multiple confounders. Am J Epidemiol. 
2003;158:280-7. 

Chang HY, Weiner JP, Richards TM, Bleich SN, Segal JB. Validating the adapted Diabetes 
Complications Severity Index in claims data. Am J Manag Care. 2012 Nov;18(11):721-6. 

Chlebowski RT, McTiernan A, Wactawski-Wende J, Manson JE, Aragaki AK, Rohan T, et al. 
Diabetes, metformin, and breast cancer in postmenopausal women. J Clin Oncol. 
2012;30:2844-52. 

Currie CJ, Poole CD, Gale EAM. The influence of glucose-lowering therapies on cancer risk in 
type 2 diabetes. Diabetologia. 2009;52:1766-77. 

D Agostino RB Jr. Propensity score methods for bias reduction in the comparison of a treatment 
to a non-randomized control group. Stat Med. 1998;17:2265-81. 

Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JW, Comber H, et al. 
Cancer incidence and mortality patterns in Europe: estimates for 40 countries in 2012. Eur J 
Cancer. 2013 Apr;49(6):1374-403. 

European Medicines Agency (EMA). Guideline on good pharmacovigilance practices (GVP). 
Module VI  Collection, Management, and Submission of Reports of Suspected Adverse 
Reactions to Medicinal Products. (Rev 2). European Medicines Agency; 28 July 2017b. 
Available at: https://www.ema.europa.eu/en/documents/regulatory-procedural-
guideline/guideline-good-pharmacovigilance-practices-gvp-module-vi-collection-
management-submission-reports_en.pdf. Accessed 02 June 2023. 

European Medicines Agency (EMA). Guideline on good pharmacovigilance practices (GVP). 
Module VIII  Post-authorisation safety studies. (Rev 3). European Medicines Agency; 09 
October 2017a. Available at: 
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2012/06/WC
500129137.pdf. Accessed 02 June 2023. 

European Network of Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP). 
The ENCePP code of conduct for scientific independence and transparency in the conduct of 
pharmacoepidemiological and pharmacovigilance studies. Revision 3. 21 February 2014. 
Available at: 
http://www.encepp.eu/code_of_conduct/documents/ENCePPCodeofConduct_Rev3.pdf. 
Accessed 22 February 2017. 

European Network of Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP). 
The European Union Electronic Register of Post-Authorisation Studies (EU PAS Register). 



Dapagliflozin MB102-118 ST/D1690R00007 
BMS-512148 Observational Study Protocol

Date: 06 June 2023 63 

15 July 2016. Available at: http://www.encepp.eu/encepp_studies/indexRegister.shtml. 
Accessed 22 February 2017. 

Gelfand JM, Margolis DJ, Dattani H. The UK General Practice Research Database. In: Strom 
BL, editor Pharmacoepidemiology, 4th edition. John Wiley & Sons; 2005. p. 337-46. 

Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur SM, Habel LA, et al. Diabetes 
and cancer: a consensus report. CA Cancer J Clin. 2010;60:207-21. 

Hall GC, McMahon AD, Carroll D, Home PD. Macrovascular and microvascular outcomes after 
beginning of insulin versus additional oral glucose-lowering therapy in people with type 2 
diabetes: an observational study. Pharmacoepidemiol Drug Saf. 2012;21:305-13. 

Herings RMC, Pedersen L. Pharmacy-based medical record linkage systems. In: Strom BL, 
Kimmel SE, Hennessy S, editors. Pharmacoepidemiology, 5th Edition. John Wiley & Sons, 
Ltd; 2012. p. 270-86. 

International Committee of Medical Journal Editors (ICMJE). Recommendations for the 
conduct, reporting, editing, and publication of scholarly work in medical journals. December 
2016. Available at: http://www.icmje.org/urm_main.html. Accessed 24 February 2017. 

International Society for Pharmacoepidemiology (ISPE). Guidelines for good 
pharmacoepidemiology practices (GPP). Revision 3. June 2015. Available at: 
https://www.pharmacoepi.org/resources/policies/guidelines-08027/. Accessed 05 June 2023. 

Jick H, Jick S, Derby LE, Vasilakis C, Myers MW, Meier CR. Calcium-channel blockers and 
risk of cancer. Lancet. 1997;349:525-8. 

Kasper JS, Giovannucci E. A meta-analysis of diabetes mellitus and the risk of prostate cancer. 
Cancer Epidemiol Biomarkers Prev. 2006;15:2056-62. 

Kasper JS, Liu Y, Giovannucci E. Diabetes mellitus and risk of prostate cancer in the health 
professionals follow-up study. Int J Cancer. 2009;124:1398-403. 

Kaye JA, Derby LE, Melero-Montes MM, Quinn M, Jick H. The incidence of breast cancer in 
the General Practice Research Database compared with national cancer registration data. Br J 
Cancer. 2000;83:1556-8. 

Kaye JA, Myers MW, Jick H. Acetaminophen and the risk of renal and bladder cancer in the 
General Practice Research Database. Epidemiology. 2001;12:690-4. 

Kirkali Z, Chan T, Manoharan M, Algaba F, Busch C, Cheng L, et al. Bladder cancer: 
epidemiology, staging and grading, and diagnosis. Urology. 2005;66(suppl 6A):4-34. 

Larsson SC, Orsini N, Brismar K, Wolk A. Diabetes mellitus and risk of bladder cancer: a meta-
analysis. Diabetologia. 2006;49:2819-23. 

Larsson SC, Mantzoros CS, Wolk A. Diabetes mellitus and risk of breast cancer: a meta-
analysis. Int J Cancer. 2007;121:856-62. 



Dapagliflozin MB102-118 ST/D1690R00007 
BMS-512148 Observational Study Protocol

Date: 06 June 2023 64 

Lash TL, Fink AK. Semi-automated sensitivity analysis to assess systematic errors in 
observational data. Epidemiology. 2003;14:451-8. 

Lash TL, Fox MP, Fink AK. Applying quantitative bias analysis to epidemiologic data. 
Dordrecht Heidelberg London New York: Springer; 2009. 

Lewis JD, Ferrara A, Peng T, Hedderson M, Bilker WB, Quesenberry CP, et al. Risk of bladder 
cancer among diabetic patients treated with pioglitazone. Diabetes Care. 2011;34:916-22. 

Malone KE. Diethylstilbestrol (DES) and breast cancer. Epidemiol Rev 1993;15:108-9. 

Matanoski GM, Elliott EA. Bladder cancer epidemiology. Epidemiol Rev. 1981;3:203-29. 

Michels KB, Solomon CG, Hu FB, Rosner BA, Hankinson SE, Colditz GA, et al. Type 2 
diabetes and subsequent incidence of breast cancer in the Nurse
Care 2003;26:1752-8. 

Moher D, Schulz KF, Altman D; CONSORT Group (Consolidated Standards of Reporting 
Trials). The CONSORT statement: revised recommendations for improving the quality of 
reports of parallel-group randomized trials. JAMA. 2001;285:1987-91. 

National Institute for Health and Clinical Excellence. Type 2 diabetes in adults: management. 
2015. Available at: https://www.nice.org.uk/guidance/ng28. Accessed 22 February 2017. 

Neumann A, Weill A, Ricordeau P, Fagot JP, Alla F, Allemand H. Pioglitazone and risk of 
bladder cancer among diabetic patients in France: a population-based cohort study. 
Diabetologia. 2012;55:1953-62. 

Perkins SM, Tu W, Underhill MG, Zhou XH, Murray MD. The use of propensity scores in 
pharmacoepidemiologic research. Pharmacoepidemiol Drug Saf. 2000;9:93-101. 

Rothman KJ. Episheet: spreadsheets for the analysis of epidemiologic data [software]. 
29 October 2015. Available at: https://www.rtihs.org/episheet. Accessed 05 June 2023. 

Ruiter R, Visser LE, van Herk-Sukel MP, Coebergh JW, Haak HR, Geelhoed-Duijvestijn PH, et 
al. Risk of cancer in patients on insulin glargine and other insulin analogues in comparison 
with those on human insulin: results from a large population-based follow-up study. 
Diabetologia. 2012;55:51-62. 

van Herk-Sukel MP, van de Poll-Franse LV, Lemmens VE, Vreugdenhil G, Pruijt JF, Coebergh 
JW, et al. New opportunities for drug outcomes research in cancer patients: the linkage of the 
Eindhoven Cancer Registry and the PHARMO Record Linkage System. Eur J Cancer. 
2010;46:395-404. 

Vigneri P, Frasca, F, Sciacca L, et al. Diabetes and cancer. Endocr Relat Cancer. 2009;16:1103-
23. 

Walker AM. Identification of esophageal cancer in the General Practice Research Database. 
Pharmacoepi Drug Saf. 2011;20:1159-67. 



Dapagliflozin MB102-118 ST/D1690R00007 
BMS-512148 Observational Study Protocol

Date: 06 June 2023 65 

Wei L, MacDonald TM, Mackenzie IS. Pioglitazone and bladder cancer: a propensity score 
matched cohort study. Br J Clin Pharmacol. 2013 Jan;75(1):254-9. 

Willi C, Bodenmann P, Ghali WA, Faris PD, Cornuz J. Active smoking and the risk of type 2 
diabetes: a systematic review and meta-analysis. JAMA. 2007;298:2654-64. 


























































