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[bookmark: _Toc395111865][bookmark: _Toc433812470]List of abbreviations
ACE	Angiotensin-Converting Enzyme
AMI	Acute Myocardial Infarcation
ANOVA	Analysis of Variance	
ARB	Angiotensin Receptor Blockers
BiDil	Isosorbide dinitrate/Hydralazine hydrochloride
BMI	Body Mass Index
BNP	Brain Natriuretic Peptide or B-type Natriuretic Peptide
Cox PH	Cox Proportional Hazard
CKD	Chronic Kidney Disease
CPT	Current Procedural Terminology
DKD	Diabetic Kidney Disease
EF	Ejection Fraction
FDA	(United Stated) Food and Drug Administration
eGFR	Estimated Glomerular Filtration Rate
EMR	Electronic Medical Records
HIPAA	Health Insurance Portability and Accountability Act
HF	Heart Failure
HFpEF	Heart Failure with Preserved Ejection Fraction
HFrEF	Heart Failure with Reduced Ejected Fraction
ICD9	International Classification of Diseases Version 9
LVEF	Left-Ventricular Ejection Fraction
LVSD 	Left Ventricular Systolic Dysfunction
MRA	Mineralocorticoid Receptor Antagonist
NDC	National Drug Code
NoEF	Patients without any valid LVEF values within one year
NT-proBNP	N-terminal pro B-type Natriuretic Peptide
PHI	Predictive Health Intelligence


[bookmark: _Toc395111866][bookmark: _Toc433812471]Responsible parties
Accenture LLC and Bayer Healthcare AG are the parties responsible for this study. Analysis will be conducted by Accenture and reviewed and approved by Bayer.
[bookmark: _Toc395111867][bookmark: _Toc433812472]Abstract
Title: A Study of Chronic Heart Failure, Its Burden of Illness, and Treatment Patterns Using Real World Data
Rationale and background: The purpose of this study is to present a better understanding of (i) current treatment patterns in the heart failure population, especially in regards to MRAs and (ii) patient outcomes (e.g. readmissions, mortality). Insights from the analysis will support evidence-based development efforts for finerenone and vericiguat.  
Research question and objectives: The principal objective is to better understand the patient characteristics of HFpEF and HFrEF patients and to describe MRA and other heart failure treatment patterns and patient outcomes. In turn this will lead to a greater understanding of  the impact of MRAs and other heart failure medications on clinical outcomes.
Study design: This retrospective cohort study will use the 4 most recent years of data from the existing Accenture PHI data assets. These include data from January 2001 through approximately November 2015. 
Population: The population of interested patients is defined by patients whose first chronic or unspecified heart failure diagnosis is after 2011 and who have at least some medical data in the Accenture PHI data asset more than 30 days prior to the index event heart failure.
Variables: Key variables include propensity figures for comorobidites, preconditions, drug usage, incidence rates of hyperkalemia or renal dysfunction, and coefficients or values from statistical methods such as multivariate regressions and Kaplan-Meier estimates.
Data sources: The data source used is the Accenture PHI data asset.
Study size: The study will consist of approximately 336,000 patients.
Data analysis: Baseline characteristics are presented as means and standard deviations for continuous variables and proportions for categorical variables. COX Proportional Hazard models and Kaplan-Meier estimates will be used for the analysis of patient outcomes like readmissions and mortality. Initiators and drivers of certain events will be analysed using multivariate linear regressions. Fisher’s Test will be used for comparing medication usage across groups
Milestones: The study is expected to be completed on 18 December, 2015.

[bookmark: _Toc395111868][bookmark: _Toc433812473]Amendments and updates
None.

[bookmark: _Toc395111869][bookmark: _Toc433812474]Milestones
	Milestone
	Planned date

	Start build-out of datamart	
	18 May 2015

	Start preliminary analysis
	15 Jun 2015

	Submit draft study protocol
	2 Oct 2015

	Submit final study protocol
	30 Oct 2015

	Study protocol approved and start statistical analysis
	13 Nov 2015

	Complete draft final report
	11 Dec 2015

	Finalize report
	18 Dec 2015



[bookmark: _Toc395111870][bookmark: _Toc433812475]Rationale and background
The study aims to address questions related to the current burden of illness, treatment patterns and unmet needs in a contemporary heart failure population. The analysis will be descriptive in design, aiming to identify event rates (mortality and rehospitalization) in the real-life setting  and the potential associated risk factors, including comorbidities and treatments. Existing data available in the literature is from registry sources which have generally had to link with further data sources to get information on treatment patterns and long-term outcomes (9), the current study attempts to use a single EMR database source in a large unselected contemporary cohort in the US.
In the phase III trial for finerenone, the comparator will be eplerenone. However, finerenone has the potential to be used in place of both currently used MRAs, spironolactone and eplerenone. Therefore, it is important to understand how these agents are utilized and in which populations, as well as to assess both effectiveness- (readmissions, mortality) and safety-related outcomes (hyperkalemia, renal dysfunction) in both groups of treated patients in real life.  
For verciguat, understanding extent of use of long-acting nitrates in the heart failure population and of isosorbide dinitrate/hydralazine (Bidil) in the African-American population is of interest to inform development strategy.
In addition, the possibility of using the cohort to calibrate expected trial event rates is of value to both clinical development programs as well as being able to communicate to burden of disease to scientific and payor audiences.

[bookmark: _Toc395111871][bookmark: _Toc433812476]Research questions and objectives
[bookmark: _Toc395111872][bookmark: _Toc433812477]Primary objective
[bookmark: _Toc395111873]The primary objective of the study is to better understand the patient characteristics, treatment patterns, and clinical outcomes of HFpEF and HFrEF patients. Of particular interest is usage and outcome of MRA’s in these segments. In turn this will lead to a greater understanding of  the impact of MRAs on patient outcomes.	Comment by Dirk Hagemann: Heart Failure with Reduced Ejected Fraction

[bookmark: _Toc433812478]Secondary objective(s)
Identified secondary objectives include:
· Predictors of HFpEF vs HFrEF segmentation in heart failure patients
· Timing of MRA therapy from index event
· BiDil usage in African America population
· Usage of long-acting nitrates in heart failure population
· Burden of illness for stable and worsening heart-failure patients (in regards to readmissions, mortality, hyperkalemia, renal dysfunction)
· Rates of elevated BNP and NT-proBNP within heart failure population
· [bookmark: _Toc395111874]Medication usage and outcomes of patients with and without diabetes, without and without kidney disease, and with and without diabetic kidney disease

[bookmark: _Toc433812479]Research methods
[bookmark: _Toc395111875][bookmark: _Toc433812480]Study design
The retrospective cohort study will use the four most recent years of data from the Accenture PHI data asset. These will include data from January 2001 through approximately November 2015.
Patients were segemented via their closest valid left-ventricular ejection fraction (LVEF) from -30 to 365 days from the index event heart failure. LVEF values beyond this range were not included. In addition, LVEF values that occurred after an elevated cardiac troponin reading—indicative of an acute myocardial infraction—were also excluded. Note that only values, and not patients, were excluded.
Patients were then flagged as belonging to a mutually-exclusive cohort based on LVEF availability and value:
1) HFrEF: LVEF < 45	Comment by Dirk Hagemann: Cohort 1
2) HFpEF: LVEF ≥ 45	Comment by Dirk Hagemann: Cohort 2
3) NoEF: Patients with no valid LVEF values	Comment by Dirk Hagemann: Cohort 3
In addition, patients were also flagged as having a transitional LVEF or not value:
4) Transitional LVEF: 40  LVEF  50	Comment by Dirk Hagemann: Cohort 4?
5) Non-Transitional LVEF w/ LVEF value: LVEF < 40 OR LVEF > 50	Comment by Dirk Hagemann: Cohort 5?
Note that these two groups are not mutually exclusive to the first two groups, but are mutually exclusive to the third group. Sizes of the above cohorts are reported in baseline characteristics.

[bookmark: _Toc433812481]Comorbodities, Pre-conditions, and Medical Device Usage

Comorbidities and pre-conditions were defined, in most cases, by a combination of ICD9 and lab values. In the feasibility study, it was clear that neither the ICD9 diagnosis nor lab values were being properly captured in all cases. While there is certainly a significant overlap in most cases, the combination method (using an OR logic) yielded a more thorough group. For example, for the methodology for hyperkalemia, we incorporated both the ICD9 diagnosis as well as two values of serum potassium over 5.5 mEq/L. Using either methodology suggested roughly 10% of patients in the cohort had hyperkalemia within the year prior, but the combination methodology suggested that about 13% (30% increase) had hyperkalemia within the year prior.

A comorbidity was defined as an event or combination of events prior to the start of the encounter of the following indications (methodology summarized—detailed methodologies are in the attached methodology appendix):
1. Atrial Fibriliation
· ICD9 Diagnosis
2. Acute Myocardial Infarction:
· Combination of ICD9 diagnosis and elevated cardiac troponin
3. Coronary Artery Disease (excluding AMI):
· ICD9 diagnosis
4. Type-II Diabetes (excluding DKD):
· Combination of ICD9 diagnosis and high hemogloblin-A1C
5. Chronic Kidney Disease (excluding DKD):
· Combination of ICD9 diagnosis, low GFR, and high urine-albumin-to-creatine ratio
6. Diabetic Kidney Disease (DKD):
· Combination of ICD9 diagnoses, low glomerular filtration rate (GFR), high urine-albumin-to-creatine ratio, and high hemoglobin-A1C
7. Hypotension:
· ICD9 diagnosis
8. Hypertension:
· ICD9 diagnosis

Note that 2 and 3 are mutually exclusive by methodology, and 4,5, and 6 are mutually exclusive, by methodology. 

A precondition was defined as an event or combination of events within one year prior to the start of the encounter of the following indications (with methodology):
1. Hyperkalemia
· Combination of ICD9 diagnosis and elevated serum potassium

A patient will be flagged as having a medical device if, prior to the index event, a patient had any procedure to indicate they had a pacemaker or cardioverter defibrillator implanented via CPT codes. These CPT codes capture the procedure, which are coded differently for a pacemaker or cardioverter defibrillator. However, these codes do not capture exactly what type of pacemaker or cardioverter defibrillator was implanted. The description of utilized CPT codes are in the attached methodology appendix.

[bookmark: _Toc433812482]MRA Usage and Outcomes
	
To understand the drivers of MRA usage, we will regress relevant factors, which include age, cohort by EF, comorbidities, pre-conditions, and prior hospitalization, on the usage of different doses of spironolactone and eplerenone. 

Our data on dosage is limited to the drug itself, and we do not have any physicians instructions to reference. Therefore, understanding how the drug is titrated is not possible. However, we do expect the analysis to reveal insights related to what varients of the drug are used.

In addition to usage, we will also look at timing of treatment. Specifically, what percentage of patients are given MRA’s on the first hospitalization, on the second, third, and so forth. We will look at the factors that contribute to an earlier MRA usage.

Another analysis of interest is to look at switching characteristics between different MRA’s and doses. We will look at how often doses are changed and what drives dosage increases and decreases. We will also look at the factors that cause patients to go from spironolactone to epelernone.

To assess outcomes of MRA usage, we will look at how readmission rates, both all-cause and heart-failure related readmissions, and mortality differ among patients given MRA within the Nth-hospitalization. We will also look at the propensities of renal disfunction and hyperkalemia in these patient segements during and within 30 days after MRA treatment.

[bookmark: _Toc433812483]Treatment Patterns for Segments of the Population

We will compare how prescribed medications different among patients with and without diabetes, with and without kidney disease, with and without diabetic kidney disease. We will also look at how HFrEF and HFpEF patients differ in regards to medication usage. To understand general outcomes, we will look at readmission and mortality rates in these groups.

[bookmark: _Toc433812484]Usage of BiDil and Long-Acting Nitrates

We will compare the usage of BiDil against other nitrates and heart-failure medications in the African American population. The data will be segmented by cohort, comorobidites, preconditions, and other relevant factors.

We will also look at the usage of long-acting nitrates within the cohort, and how usage is impacted by different factors.

For both BiDil and long-acting nitrate usage, we will compare readmission and mortality rates.

[bookmark: _Toc433812485]Burden of Illness For Stable and Worsening Patient Population
The worsening HF patient population includes any patient who has an HF-related inpatient readmission within six months from the index event heart failure. The stable population excludes this set.
We will look at the burden of illness for these two group through proxies such as all-cause readmissions, mortality, duration of stay, and renal disfunction and hyperkalemia.

[bookmark: _Toc433812486]IV Diuretic Usage in Inpatient and Outpatient Settings
Feasibility analysis of IV diuretic usage in the inpatient settings suggests that the data may not complete. This is due not to lack of diuretic usage but due to a lack of specifity regarding the route of administration. Due to this fact, it is difficult to assess propensity figures for IV diuretic usage in the outpatient settings. Only descriptive statistics of usage will be shown for this analysis.

[bookmark: _Toc395111876][bookmark: _Toc433812487]Setting 
[bookmark: _Toc395111877][bookmark: _Toc433812488]Study time frame
We will look at patient medical history from January 2011 to June 2015.

[bookmark: _Toc395111878][bookmark: _Toc433812489]Selection criteria

Inclusion Criteria
The index event of interest is the first incidence of heart failure in patients with chronic heart failure. ICD9 concepts specify heart failure as acute, chronic, or unspecified. To identify patients with chronic failure, we looked for at least one instance of chronic heart failure or at least two instances of unspecified heart failure.
Only chronic heart failure patients with a first heart failure instance after 2011 were included. In previous feasibility studies conducted by the Accenture PHI practice, data prior to 2011 had significant data quality issues.

Exclusion Criteria 

Patients will be excluded from the study populations if they meet the following exclusion criteria:

· Patients who did not have any medical record in the system more than 30 days prior to their first heart failure diagnosis were removed. These patients could have had a chronic heart failure prior to entering the Accenture PHI network and hence the index event would not be the first diagnosis of heart failure for these patients.

The following chart represents the impact of the various above operations on patients included in the cohort.
Distinct Patients After Methodological Operations


[bookmark: _Toc395111879][bookmark: _Toc433812490]Study population
Source of study population: 
The data source used is the Accenture PHI data asset.  The study will consist of 336,382 patients.

Sampling strategy:
The whole Accenture PHI data asset contains data for about 52 million unique patients. However, for this data, only a section of this population was available. This population was defined for the criteria set in the appendix.
Representativeness: The following tables overview the demographic characteristics of the patient population available for this study. From previous analyses, we expect only race to be significantly skewed in this set, compared to what would be expected of the population meeting the data set inclusion criteria detailed in the Appendix.
Distribution of Gender by Birth Year


	Born:
	Before 1930
	1930 - 1940
	1940 - 1950
	1950 - 1960
	1960 - 1970
	1970 - 1980
	1980 - 1990
	1990 - 2000
	2000 - 2010
	2010 - 2015

	Female
	766,584
	817,174
	1,160,207
	1,328,730
	1,068,602
	759,836
	608,336
	294,329
	87,209
	37,404

	Male
	487,287
	704,112
	1,083,248
	1,238,273
	975,851
	615,306
	381,118
	210,759
	116,689
	102,921

	Unknown
	1,775
	192
	258
	404
	293
	195
	120
	49
	104
	138

	Grand Total
	1,255,646
	1,521,478
	2,243,713
	2,567,407
	2,044,746
	1,375,337
	989,574
	505,137
	204,002
	140,463



Distribution of Race by Birth Year

	Born:
	Before 1930
	1930 - 1940
	1940 - 1950
	1950 - 1960
	1960 - 1970
	1970 - 1980
	1980 - 1990
	1990 - 2000
	2000 - 2010
	2010 - 2015

	Asian/Pacific Islander
	37,680
	52,122
	76,821
	83,395
	70,450
	57,508
	41,108
	15,962
	7,271
	6,821

	Black
	89,196
	122,414
	195,746
	275,497
	241,209
	170,329
	128,619
	74,483
	30,783
	21,878

	Other
	245,754
	261,485
	386.659
	455,353
	392,820
	290,372
	202,555
	95,300
	45,635
	28,096

	White
	883,016
	1,085,457
	1,584,487
	1,753,162
	1,340,267
	857,128
	617,292
	319,392
	120,313
	83,668

	Grand Total
	1,255,646
	1,521,478
	2,243,713
	2,567,407
	2,044,746
	1,375,337
	989,574
	505,137
	204,002
	140,463



[bookmark: _Toc395111880][bookmark: _Toc433812491]Variables
The data for the analysis will contain the below set of variables.
· Demographic information: Age, Sex, Race, Tobacco Usage, Weight, BMI
· Comorbidities: Atrial Fibrillation, Acute Myocardial Infraction, Coronary Artery Disease (Excluding AMI), Type II Diabetes, Chronic Kidney Diease, DKD, Hypotension, Hypertension
· Pre-Conditions: Hyperkalemia
· Clinical Measures: BNP/NT-Pro-BNP, LVEF, hyperkalemia (serum creatinine), renal dysfunction (eGFR)
· Medication Usage: MRAs, BiDil, Long-Acting Nitrates, and other CV drugs
· The medication usage includes the dosage, timing of therapy, and duration and frequency of therapy.
· Readmission: All-cause and HF-related readmissions, clinical setting (i.e. inpatient vs outpatient)
· Mortality: Death year and time to death from the diagnosis date in years
· Usage of medical devices

[bookmark: _Toc395111881][bookmark: _Toc433812492]Baseline characteristics[footnoteRef:1] [1:  Baseline characteristics were computed using the initial cohort that had valid LVEF values from 0 to 365 days from index event heart failure. This definition was revised to include patients with values from -30 to -1 days, as well. Final counts and baseline characteristics of this set will be presented in the final report.] 

The table below describes the baseline characteristics of patients based on EF segmentation:
Cohort Characteristics (% of Patients With Condition)
	
	HFpEF
	HFrEF
	NoEF

	 Patients
	18,413
	8,193
	309,776

	
	
	
	

	Average Age (Std. Dev.)
	70 (14)
	67 (14)
	72 (14)

	
	
	
	

	Atrial Fibrillation
	28%
	22%
	22%

	Acute Myocardial Infraction
	14%
	9%
	8%

	Coronary Artery Disease (Excluding AMI)
	32%
	34%
	31%

	Type II Diabetes
	27%
	25%
	29%

	Chronic Kidney Disease
	38%
	29%
	29%

	Diabetic Kidney Disease
	14%
	11%
	12%

	Hypotension
	14%
	9%
	8%

	Hypertension
	72%
	58%
	63%

	
	
	
	

	Hyperkalemia
	7%
	6%
	7%

	
	
	
	

	No Pacemaker or Cardioverter Defibrillator
	94%
	84%
	93%

	Pacemaker or Cardioverter Defibrillator Implanted Prior to Index Event
	4%
	13%
	5%


The characteristics of the Transitiona lEF group, compared with those not in the group but with an EF and those without any EF values are shown below:
Cohort Characteristics (% of Patients With Condition)
	
	Transitional EF
	Not Transitional EF w/ LVEF
	NoEF

	Patients
	5,281
	21,325
	309,776

	
	
	
	

	Average Age (Std. Dev.)
	69 (14)
	69 (14)
	72 (14)

	
	
	
	

	Atrial Fibrillation
	29%
	25%
	22%

	Acute Myocardial Infraction
	12%
	13%
	8%

	Coronary Artery Disease (Excluding AMI)
	38%
	31%
	31%

	Type II Diabetes
	26%
	26%
	29%

	Chronic Kidney Disease
	34%
	35%
	29%

	Diabetic Kidney Disease
	13%
	13%
	12%

	Hypotension
	12%
	13%
	8%

	Hypertension
	67%
	68%
	63%

	
	
	
	

	Hyperkalemia
	7%
	7%
	7%

	
	
	
	



The following table illustrates coverage and usage of cardiovascular medication:
 % of Cohort Using Specified Medication Within Timeframe
	
	Within 30 Days
	Within 365 Days

	
	HFpEF
	HFrEF 
	NoEF
	HFpEF 
	HFrEF 
	NoEF

	Angiotensin-Converting Enzyme (ACE) Inhibitors
	31%
	55%
	17%
	46%
	71%
	27%

	Angiotensin II Receptor Blockers (ARB)
	9%
	10%
	5%
	15%
	16%
	10%

	ACE or ARB
	38%
	62%
	21%
	57%
	79%
	34%

	Beta Blockers
	57%
	77%
	28%
	79%
	92%
	44%

	Calcium Channel Blockers
	29%
	24%
	13%
	45%
	33%
	22%

	Spironolactone
	8%
	22%
	5%
	14%
	35%
	9%

	Eplerenone 
	0.2%
	0.7%
	0.1%
	0.4%
	1.3%
	0.2%

	Loop Diuretics
	57%
	67%
	28%
	76%
	82%
	40%

	Long-Acting Nitrates
	6%
	10%
	3%
	11%
	16%
	6%

	No Usage of Above Drugs
	22%
	13%
	59%
	5%
	3%
	44%



[bookmark: _Toc395111882][bookmark: _Toc433812493]Exposure
N/A

[bookmark: _Toc395111883][bookmark: _Toc433812494]Outcome measures
Treatment patterns – Heart-failure related medications will be the primary proxy for treatment patterns. Comparison of the treatment patterns for different cohort like HFrEF vs HFrEF, diabetes vs non-diabetes, kidney diease vs non-kidney disease will be analysed.
Healthcare utilization – Healthcare utilization will be assessed by readmission rates and duration of stay. 
Safety outcomes – Baseline characteristics, mortality, readmission rates, and incidence of renal disfunction and hyperkalemia will be incorporated in the analysis. 
Effectiveness outcomes – Statistical significant reductions in mortality, readmission rates, and incidence of renal disfunction and hyperkalemia will be indicative of clinical effectiveness.	Comment by Dirk Hagemann: Rather Efficacy?

[bookmark: _Toc433812495]Clinical Outcome Variables 
Data coverage for key clinical variables such as ejection fraction, BNP and NT-proBNP, potassium values, and estimated glomerular filtration rate were assessed during the feasibility analysis. While there is sufficient data to analyze large segments of the study cohort using any of the above variables, quanity of potassium value, and serum creatinine (to estimate GFR) values is particularly robust. LVEF, BNP, and NT-proBNP values are seen in a much smaller segment of the population. An illustration of BNP and NT-proBNP coverage is shown below:
BNP and NT-proBNP Distributions Based on Time from Index Event

	 
	BNP (Values in pg/mL)
	NT-PROBNP (Values in pg/mL)

	 
	-30 to -1 
Days
	0 to 30 
Days
	31 to 90 
Days
	91 to 182 Days
	183 to 365 Days
	-30 to -1 
Days
	0 to 30 
Days
	31 to 90 
Days
	91 to 182 Days
	183 to 365 Days

	
HFpEF

	Patients
	878
	2,182
	914
	808
	851
	2,235
	6,035
	2,289
	2,029
	2,468

	% of Cohort
	5%
	12%
	5%
	4%
	5%
	12%
	33%
	12%
	11%
	13%

	
	
	
	
	
	
	
	
	
	
	

	Total Values (N)
	1,150
	3,553
	1,576
	1,481
	1,832
	2,843
	9,140
	3,476
	3,314
	4,799

	Values Per Patient
	1.31
	1.63
	1.72
	1.83
	2.15
	1.27
	1.51
	1.52
	1.63
	1.94

	 
	
	
	
	
	
	
	
	
	
	

	Average Value
	480
	544
	554
	527
	599
	3,564
	4,504
	4,759
	4,869
	4,662

	Standard Deviation
	807
	1,217
	1,754
	1,021
	1,561
	6,542
	7,233
	7,956
	8,455
	8,057

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	
HFrEF

	Patients
	355
	1,410
	610
	502
	542
	807
	3,000
	1,174
	1,007
	1,168

	% of Cohort
	4%
	17%
	7%
	6%
	7%
	10%
	37%
	14%
	12%
	14%

	 
	
	
	
	
	
	
	
	
	
	

	Total Values (N)
	506
	2,607
	1,209
	992
	1,340
	1,065
	4,685
	1,875
	1,723
	2,316

	Values Per Patient
	1.43
	1.85
	1.98
	1.98
	2.47
	1.32
	1.56
	1.60
	1.71
	1.98

	 
	
	
	
	
	
	
	
	
	
	

	Average Value
	850
	1,028
	925
	878
	966
	6,893
	8,466
	7,840
	7,288
	6,768

	Standard Deviation
	1,115
	1,288
	980
	1,156
	1,350
	9,544
	10,551
	10,327
	10,010
	9,532

	 
	
	
	
	
	
	
	
	
	
	

	
NoEF

	Patients
	22,104
	48,904
	16,538
	15,914
	19,844
	8,692
	11,759
	4,177
	4,181
	5,536

	% of Cohort
	7%
	16%
	5%
	5%
	6%
	3%
	4%
	1%
	1%
	2%

	 
	
	
	
	
	
	
	
	
	
	

	Total Values (N)
	33,474
	87,715
	29,428
	29,092
	41,893
	12,363
	18,305
	6,703
	6,765
	10,098

	Values Per Patient
	1.51
	1.79
	1.78
	1.83
	2.11
	1.42
	1.56
	1.60
	1.62
	1.82

	 
	
	
	
	
	
	
	
	
	
	

	Average Value
	872
	1,012
	1,134
	1,078
	1,133
	4,920
	5,451
	5,784
	5,309
	5,224

	Standard Deviation
	2,304
	2,499
	3,139
	2,995
	3,224
	7,659
	8,543
	9,269
	8,920
	8,919

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 



[bookmark: _Toc433812496]Readmission and Mortality
Readmissions were marked as heart failure-related if any of the following conditions were true:
· Symptoms of heart failure (e.g. edema, shortness of breath)
· Significant weight change within one week (i.e. +/- 2.0 kg over 7 days)
· Elevated BNP/NT-proBNP
· Usage of loop diuretics (e.g. furosemide/Lasix)
Note that ICD9 diagnosis was not included in this definition as the ICD9 might indicate history instead of actual occurance.
Mortality data is limited to the year of death. Due to this limitation, cause of death cannot be reliably ascertained and will not be ascertained for the study.

[bookmark: _Toc395111884][bookmark: _Toc433812497]Data sources
The Accenture PHI network collects electronic medical record information from a collection of 26 integrated delivery networks such as Cleveland Clinic, Trinity Health, St. Joseph Health System, Mercy Health, and Adventist Health System. The network includes 360 hospitals and over 300,00 providers. All major payers, including Medicare and Medicaid, is represented. Data from these instiutions is standardized, presenting a comprehensive medical history for a patient. Identifiable personal information is masked as per HIPAA regulations.
The dateset used for this study is the sub-segment of all patients in the full network who have heart-failure and related conditions. The appendix specifies the study cohort specifications. 

[bookmark: _Toc395111885][bookmark: _Toc433812498]Study Size
This study contains a cohort of about 336,000 patients pulled from Accenture PHI data asset.

[bookmark: _Toc395111886][bookmark: _Toc433812499]Data management
All of the data is stored in an off-site relationship database that can only be accessed through a secure connection.

[bookmark: _Toc395111887][bookmark: _Toc433812500]Data analysis
The statistical programming language R will be utilized along with the corresponding statistical packages written in R.

[bookmark: _Toc433812501]Cohort Predictors
Relevant factors (e.g. demopraphic characteristics, comorbidities, etc.) will be assessed to determine their impact in determing LV segmentation (i.e. HFpEF vs HFrEF and Transitional EF vs Non-Transitional EF). This analysis will be done using multivariate linear regressions on the set of patients with LVEF values. A regression on all patients (i.e. including the NoEF cohort) would be confounded by the fact that patients with an LVEF are a biased sample, and hence coefficients for predictors would capture both likelihood to be HFpEF (assuming likelihood of HFpEF is the dependent variable) and the liklihod to have an LVEF value. Only the former aspect is of interest in this analysis.

[bookmark: _Toc433812502]MRA Usage and Outcomes
A multivariate linear regression will be used to assess the impact of different factors in driving spironolactone and eplerenone usage. To understand timing, Cox Proportional Hazard models will be created with MRA usage being the event of interest. Furthermore, to understand differences in the groups that are given MRA’s in the initial hospitalization vs 2nd, 3rd, or N-th observations, we will use a Chi-Square test. Chi-Square will also be used to understand differences in groups who are switch to and from spironolactone and eplerenone.
Readmission and mortality rates will be estimated using Cox PH models. Kaplan Meier estimators will be used to compare incidence of renal dysfunction and hyperkalemia among patients given MRA on the N-th admission and the general cohort.

[bookmark: _Toc433812503]Treatment Patterns for Segments of the Population
Fisher’s Exact Test will be used to understand differences in prescribed medications among patients with and without diabetes, with and without kidney disease, with and without diabetic kidney disease, and patients classified as HFrEF or HFpEF. Readmission and mortality rates will be analyzed using Cox PH models.

[bookmark: _Toc433812504]Usage of BiDil and Long-Acting Nitrates
Usage of BiDil in the African American population and usage of long-acting nitrates in the heart-failure population will be analyzed using descriptive statistics. To understand drivers of usage, multivariate linear regressions will be used.

[bookmark: _Toc433812505]Burden of Illness for Stable and Worsening Patient Population
Cox PH models will be used to understand burden of illness as it relates to readmissions, mortality, renal dysfunction, hyperkalemia, and elevated levels of BNP and proBNP.

[bookmark: _Toc395111888][bookmark: _Toc433812506]Quality control 
Analysis and outputs will be reviewed weekly by Bayer stakeholders. This will ensure that the study is being conducted as per expectations and this document.

[bookmark: _Toc395111889][bookmark: _Toc433812507]Limitations of the research methods
The Accenture PHI dataset does have some regional biases, resulting in slightly different demographic profiles than the that of the United States, in general. However, these differences mainly impact race, which is not expected to be used rigorously in the proposed analysis.
The data for this study is retrieved from hospital EMR systems. As EMR systems are complex and often fragmented, data may not be properly retrieved across all systems. In addition, the initial medical coding may be imperfect or incomplete. These issues, present in all real-world data assets, create missingness in the data. While methodologies that combine multiple data sources (e.g. ICD9 diagnosis, lab values, procedures, etc) can significantly help to resolve some of the issues related to incomplete data, it certainly will not completely fix it.

Mortality data is not complete and the date of death is limited to the year due to patient deidentification rules.

[bookmark: _Toc433812508][bookmark: _Toc395111890]Other aspects 
N/A

[bookmark: _Toc395111891][bookmark: _Toc433812509]Protection of human subjects
The patient data is provided in a de-identified manner and all identifying information has been stripped from the records prior to biostatistical analyses.  Data is only assessed via a firewalled, secured VPN tunnel by pre-screened personell. 

[bookmark: _Toc395111892][bookmark: _Toc433812510]Management and reporting of adverse events/adverse reactions
N/A

[bookmark: _Toc395111893][bookmark: _Toc433812511]Plans for disseminating and communicating study results
N/A
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[bookmark: _Toc395111898][bookmark: _Toc433812514]Annex 4. Signature pages

Please use the following Signature Page template to prepare signature pages for each OS Team member in accordance to their roles in the study as described in BPD-SOP-041. 
In summary:
· OS Protocols managed and coordinated by BHC-PH in-house function(s) have to be signed by the OS Core Team members. 
· For OS managed and coordinated in collaboration with external suppliers/external providers, the OS Protocol has to be reviewed, approved, and signed by the investigator and OS Team Members as appropriate. 
· PASS Protocols also have to be signed also by the QPPV.
· OS Protocols of local studies also have to be signed by the Country Medical Director.

Core OS Team
· Study Conduct Responsible.
· Study Medical Expert
· Study Safety Leader
· Study Statistician
· Study Epidemiologist
· Study Health Economics and Outcomes Research (HEOR) Responsible
· Study Data Manager, if applicable
· Other functions, as applicable

For PASS studies, additional signature page for:
· Qualified Person responsible for Pharmacovigilance (QPPV)

For local studies, additional signature page for:
· Country Medical Director


Signature Page - <Function>

	Title
	Informative title including a commonly used term indicating the study design and the product, substance or product class concerned

	Protocol version identifier
	<Number>

	Date of last version of protocol
	<DD Month YYYY>

	IMPACT study number
	<Number>

	Study type
	|_| PASS		|_| non PASS 

	EU PAS register number
	<Registration number in the EU PAS register>, or <Study not registered> 

	Active substance (medicinal product) 
(if a device, please adapt accordingly)
	List pharmacotherapeutic group(s){ATC codes} and active substance(s) subject to the study (List of centrally authorized  product(s) and/or, if possible, of nationally authorized products subject to the study)

	Marketing authorization holder(s)
	<Bayer Healthcare AG>
Marketing authorization holder(s) which initiate(s), manage(s) or finance(s) the study

	Function
	<Function>

	Name
	<Name Surname>

	Title
	<Title>

	Address
	<Name of Bayer affiliate, street, ZIP Code, City, Country>



The undersigned confirms that the study will be conducted in compliance with the protocol and any applicable regulatory requirements.


Date, Signature: __________________,__________________________________________



[bookmark: _Toc433812515]Appendix

Sample Strategy:
If patients met any of the following conditions below in the full Accenture PHI data asset, they were included in the set available for this study:

Diagnosis (based on SNOMED concepts; all children concept are included): 
· Cerebrovascular disease
· Conduction disorder of the heart
· Disorder of lipoprotein AND/OR lipid metabolism
· Embolism
· Heart failure
· Ischemic heart disease
· Peripheral vascular disease
· Thrombosis of blood vessel
· Vascular insufficiency

Observations:
· Cholesterol in LDL or Blood Serum Plasma >= 100 mg/dL
· Ejection Fraction, Left Ventricular
· Natriuretic peptide

Drug Classes:
· Anti-arrhythmic agent
· Anti-arrhythmic drug
· Loop diuretic
· Potassium-sparing diuretic

Drug Ingredients:
· Oral Anticoagulant usage (Apixaban, Dabigatran, Dabigatran etexilate, Rivaroxaban, Warfarin)

Any HF Diagnosis (428.X)	Chronic or Unspecified HF Diagnosis	Diagnosis Made After 2011	At Least Two Unspecified or One Chronic Diagnosis After 2011	Medical Records Beyond 30 Days Prior to First HF Diagnosis	1061549	1050327	707730	401181	336382	

Female	 Before 1930	1930 - 1940	1940 - 1950	1950 - 1960	1960 - 1970	1970 - 1980	1980 - 1990	1990 - 2000	2000 - 2010	2010 - 2015	766584	817174	1160207	1328730	1068602	759836	608336	294329	87209	37404	Male	 Before 1930	1930 - 1940	1940 - 1950	1950 - 1960	1960 - 1970	1970 - 1980	1980 - 1990	1990 - 2000	2000 - 2010	2010 - 2015	487287	704112	1083248	1238273	975851	615306	381118	210759	116689	102921	



Asian/Pacific Islander	 Before 1930	1930 - 1940	1940 - 1950	1950 - 1960	1960 - 1970	1970 - 1980	1980 - 1990	1990 - 2000	2000 - 2010	2010 - 2015	37680	52122	76821	83395	70450	57508	41108	15962	7271	6821	Black	 Before 1930	1930 - 1940	1940 - 1950	1950 - 1960	1960 - 1970	1970 - 1980	1980 - 1990	1990 - 2000	2000 - 2010	2010 - 2015	89196	122414	195746	275497	241209	170329	128619	74483	30783	21878	Other	 Before 1930	1930 - 1940	1940 - 1950	1950 - 1960	1960 - 1970	1970 - 1980	1980 - 1990	1990 - 2000	2000 - 2010	2010 - 2015	245754	261485	386.65899999999999	455353	392820	290372	202555	95300	45635	28096	White	 Before 1930	1930 - 1940	1940 - 1950	1950 - 1960	1960 - 1970	1970 - 1980	1980 - 1990	1990 - 2000	2000 - 2010	2010 - 2015	883016	1085457	1584487	1753162	1340267	857128	617292	319392	120313	83668	
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