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Workshop Information 

Dates: 
March 6-7, 2018 

Time: 
Day 1: 8:30am – 5:00pm 

Day 2: 8:30am – 12:30pm 

Location: 
National Academy of Sciences Building 

Room 120 
2101 Constitution Ave NW 

Washington, DC 20418 



The National Academies of Sciences, Engineering, and Medicine are private, nonprofit institutions that provide expert advice on some of the most pressing challenges 

facing the nation and the world. Our work helps shape sound policies, inform public opinion, and advance the pursuit of science, engineering, and medicine. For more 
information about these workshops, contact Amanda Wagner Gee (agee@nas.edu). 

Examining the Impact of Real-World Evidence on Medical Product Development: 

A Three-Part Workshop Series 

Washington, D.C. 

Background and Objectives 

Randomized, controlled clinical trials (RCTs) have 

traditionally served as the gold standard for evidence 

generation in support of medical product development and 

approval. However, it is increasingly recognized that 

RCTs have inherent limitations, particularly with regard to 

generalizability, and time and monetary investment. Data 

from sources supplemental to RCTs, such as safety 

surveillance, observational studies, registries, claims, or 

patient-centered outcomes research, would be valuable to 

support biomedical research, including medical product 

development and evaluation.  

This three-part workshop series will provide a format for 

examining the practicalities of collection of data from such 

real-world sources and deriving real-world evidence for 

the evaluation of medical products, including drugs, 

biologics, and devices. Each 1.5 day workshop will 

include presentations and perspectives from thought and 

knowledge leaders representing a range of disciplines, 

including but not limited to federal regulatory and funding 

agencies, clinical and academic medicine and research, 

medical professional organizations, the regulated 

biopharmaceutical industry, patients and patient-focused 

and disease-advocacy organizations, payers, consumer 

organizations, health systems, and other interested 

stakeholders that represent the myriad views of those 

involved in drug, biologic, and device discovery, 

development, translation, and regulation. The workshop 

audiences are expected to be similarly diverse, and they 

will have opportunities to engage in discussion during the 

workshops. The series will employ case studies to 

illustrate the current state and to illuminate potential ways 

forward; staff or invited experts will prepare background 

papers describing the characteristics of, and gaps in, 

current data generation efforts. Thought leaders will be 

invited to react to and build on the papers. 

 Workshop Topics and Flow 

 Workshop One (September 19-20, 2017) focused on

how to align incentives to support collection and use

of real-world evidence in health product review,

payment, and delivery. Incentives need to address

barriers impeding the uptake of real-world evidence,

including barriers to transparency.

 Workshop Two (March 6-7, 2018) will be a “town-

hall” style meeting to illuminate what types of data are

appropriate for what specific purposes and suggest

approaches for data collection and evidence use by

developing and working through example use cases.

 Workshop Three (July 17-18, 2018) will examine

and suggest approaches for operationalizing the

collection and use of real-world evidence.

Planning Committee 
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Examining the Impact of Real -World Evidence on Medical Product 
Development: A Three-Part Workshop Series 

Workshop Two: Practical Approaches 

March 6–7, 2018 

National Academy of Sciences Building, Room 120 
2101 Constitution Ave. NW, Washington, DC 20418 

The National Academies of Sciences, Engineering, and Medicine (National Academies) is convening a three-part 
workshop series examining how real-world evidence development and uptake can enhance medical product 
development and evaluation. The workshops will advance discussions and common knowledge about complex 
issues relating to the generation and utilization of real-world evidence, including fostering development and 
implementation of the science and technology of real-world evidence generation and utilization.  

 Workshop One (September 19-20, 2017) focused on how to align incentives to support collection and use
of real-world evidence in health product review, payment, and delivery. Incentives need to address
barriers impeding the uptake of real-world evidence, including barriers to transparency.

 Workshop Two (March 6-7, 2018) will illuminate what types of data are appropriate for what specific
purposes and suggest practical approaches for data collection and evidence use by developing and
working through example use cases.

 Workshop Three (July 17-18, 2018) will examine and suggest approaches for operationalizing the
collection and use of real-world evidence.

DAY 1: March 6, 2018 

8:30 a.m. Breakfast Available Outside the Room 120 

8:40 a.m. Welcome and Opening Remarks 

GREG SIMON, Workshop Series Co-Chair 
Investigator 
Kaiser Permanente Washington Health Research Institute 



SESSION I: WHEN CAN WE RELY ON REAL-WORLD DATA? 

Session discussion questions: 

 When can we have confidence in EHR data from real-world practice to accurately assess study 
eligibility, key prognostic factors, and study outcomes?

 When can we have confidence in data generated outside of clinical settings (e.g., mobile 
phones, connected glucometers, connected blood pressure monitors)?

 When does adjudication or other post-processing of real-world data add value?

Moderator:     Greg Daniel, Duke-Margolis Center for Health Policy 

Session Discussants 
JESSE BERLIN 
Vice President and Global Head, Epidemiology 
Johnson & Johnson 

ANDY BINDMAN  
Professor of Medicine 
University of California San Francisco 

ADRIAN HERNANDEZ 
Vice Dean for Clinical Research 
Duke University School of Medicine 

9:00 a.m. Introduction and background to inform the discussion: Novel oral anticoagulants in 
comparison with warfarin  

9:20 a.m. Open discussion with audience 

 What questions can characterize the utility of any real-world data source and signal
reliability before a study is performed (examples below)?

o When is accuracy good enough to reasonably and consistently identify the right
population?

o When is accuracy good enough to reasonably and consistently assess the exposure or
intervention?

o When is accuracy good enough to reasonably and consistently assess the right
outcome?

o Are there any big safety issues that would be missed?
o Are there concerns about data collection or entry, particularly in relation to creating

systemic bias?
o When is expert adjudication necessary to confirm that the recorded data is reliable

and/or reasonably complete?

 What information is needed to answer such questions?

10:40 a.m. BREAK   
(Workgroup participants gather to synthesize audience feedback) 

11:00 a.m. Workgroup presents synthesis of audience feedback 



SESSION II: WHEN CAN WE RELY ON REAL-WORLD TREATMENT? 

Session discussion questions: 

 When conducting research in a real-world setting, are there situations that would require special
guidance, knowledge, or experience in order for clinicians to adequately monitor participant
safety and respond appropriately to adverse events?

 When does variation between comparison groups (socioeconomic, demographic, etc.); in
treatment fidelity; in provider behavior and preferences; or in adherence yield a valid signal
about real-world effectiveness, and when is it just noise?

Moderator:  Khaled Sarsour, Genetech│A Member of the Roche Group 

Session Discussants 
MICHAEL HORBERG  
Executive Director, Research, Community Benefit, and Medicaid Strategy 
Executive Director, Mid-Atlantic Permanente Research Institute 
Kaiser Permanente Mid-Atlantic Permanente Medical Group 

GREG SIMON 
Investigator 
Kaiser Permanente Washington Health Research Institute 

ROBERT TEMPLE 
Deputy Director for Clinical Science 
Center for Drug Evaluation and Research 
U.S. Food and Drug Administration 

11:15 a.m. Introduction and presentation to inform discussion on participant monitoring: study on 
Lithium for Suicidal Behavior in Mood Disorders 
IRA KATZ 
Psychiatrist 
Corporal Michael J. Crescenz VA Medical Center, Philadelphia 

11:35 p.m. Open discussion with audience 

 What conditions make self-monitoring and reporting acceptable?

 Does this vary for treatments at different stages of product development or with
different baseline knowledge about use in varied patient types and treatment
conditions?

 Can we draw any generalizable lessons about cases in which self-monitoring is
acceptable and safe?



12:15 p.m. Introduction and presentation to inform discussion on signal detection: Novel Oral 
Anticoagulants in comparison with warfarin 

12:30 p.m. Open discussion with audience 

 What conditions and training prepare clinical care providers to monitor patient safety
outside a tightly controlled environment?

 How does this vary for treatments at different stages of product development or with
different baseline knowledge about use in varied patient types and treatment
conditions?

 How do you decide which variables require strict adherence to “protocol” and which
can be allowed to vary?

1:00 p.m. BREAK  (Lunch available Outside Room 120) 
(Workgroup participants gather to synthesize audience feedback) 

2:00 p.m. Workgroup presents synthesis of audience feedback 

SESSION III:  WHEN CAN WE LEARN FROM REAL-WORLD TREATMENT ASSIGNMENT? 

Session discussion questions: 

 When can we have confidence in inference from cluster-randomized or stepped-wedge study designs?

 Under what conditions can we trust inference from observational or naturalistic comparisons?

 How could we judge the validity of observational comparisons in advance, rather than waiting
until we’ve observed the result?

Moderator:  Richard Platt, Harvard Medical School 

Session Discussants 
Rob Califf 
Vice Chancellor, Health Data Science, Duke University 
Verily Life Sciences 

DAVID MADIGAN 
Professor of Statistics 
Dean, Faculty of Arts and Sciences 
Columbia University 

DAVID MARTIN 
Associate Director for Real-World Evidence Analytics 
U.S Food and Drug Administration 

2:20 p.m. Introduction and presentation to inform the discussion: Healthcare Database Analyses 
of Medical Products for Regulatory Decision Making 
SEBASTIAN SCHNEEWEISS 
Professor of Medicine and Epidemiology 
Harvard Medical School 
Brigham & Women’s Hospital 



2:50 p.m. Open discussion with audience 

 Random assignment is always preferable, but when is the cost (in time, money,
infrastructure, patient exposure) truly necessary?

 How can we know that the effects from unmeasured confounders are not so large
that they would change a decision based on information from an observational study?

 What are some of conditions under which there is more confidence in inference from
non-randomized comparisons (examples of some conditions below)?

o Expectation of large effects
o Outcome proximal to treatment
o High degree of similarity between comparison groups
o Pathway from treatment to outcome is relatively clear, and without lots of

complexity or reciprocal effects
o Treatment allocation method is relatively transparent

3:40 p.m. BREAK 

4:00 p.m. Open discussion with audience and reflections on the discussion from panelists 

5:00 p.m. ADJOURN WORKSHOP DAY 1 



DAY 2: MARCH 7, 2018 

8:30 a.m. Breakfast Available Outside the Room 120 

SESSION IV: SYNTHESIZING THE USE CASES 

Session Objective: 

 Discuss key considerations presented in each session on Day 1

 Consider components of a potential “checklist” for using real-world evidence

9:00 a.m. Welcome and recap of Day 1 

GREG SIMON, Workshop Series Co-Chair 
Investigator 
Kaiser Permanente Washington Health Research Institute 

MARK MCCLELLAN, Workshop Series Co-Chair 
Director 
Duke-Margolis Center for Health Policy 

9:20  a.m. Open discussion with audience of outputs from Day 1 and potential components to a 
“checklist” for using RWE  

10:40 a.m. BREAK 

11:00 a.m. Open discussion with audience of outputs from Day 1 and potential components to a 
“checklist” for using RWE 

12:30 p.m. ADJOURN WORKSHOP DAY 2 

Future Workshop Objectives 

WORKSHOP THREE. Examine and suggest approaches for operationalizing the collection and use of 
real-world evidence. (July 17-18, 2018, Washington, DC) 
 Applications for using real-world evidence to supplement traditional clinical trials,

pragmatic/effectiveness trials, or routine clinical application.

 Mechanisms for determining which discrete types of real-world evidence could support
regulatory decisions.

 Operational challenges and barriers for generating and incorporating real-world evidence in the
context of a learning health system and how clinicians can best be involved in the collection and
utilization of real-world evidence.



Examining the Impact of Real-World Evidence on Medical Product 
Development: A Workshop Series 

Workshop 2: Practical Approaches 
PLANNING COMMITTEE BIOGRAPHIES 

CO-CHAIRS: 

MARK MCCLELLAN, M.D., Ph.D., is the Robert J. Margolis Professor of Business, Medicine, and Policy, and 
Director of the Duke-Margolis Center for Health Policy at Duke University with offices at Duke and in 
Washington DC. Dr. McClellan is a doctor and an economist, and his work has addressed a wide range of 
strategies and policy reforms to improve health care, including payment reforms to promote better outcomes 
and lower costs, methods for development and use of real-world evidence, and approaches for more effective 
drug and device innovation. Dr. McClellan is a former administrator of the Centers for Medicare & Medicaid 
Services (CMS) and former commissioner of the U.S. Food and Drug Administration (FDA), where he 
developed and implemented major reforms in health policy. He was also a Senior Fellow at the Brookings 
Institution and a professor of economics and medicine at Stanford University. 

GREGORY SIMON, M.D., M.P.H., is an investigator at Group Health Research Institute and a psychiatrist in Group 
Health’s Behavioral Health Service.  He is also a Research Professor in the Department of Psychiatry and 
Behavioral Sciences at the University of Washington and chair of the national scientific advisory board of the 
Depression and Bipolar Support Alliance.  Dr. Simon completed residency training in internal medicine at the 
University of Washington, residency training in psychiatry at the Massachusetts General Hospital, and 
fellowship training in the Robert Wood Johnson Clinical Scholars program at the University of Washington.   
Dr. Simon’s research focuses on improving access to and quality of care for mood disorders, both unipolar 
depression and bipolar disorder.  Specific areas of research include improving adherence to medication, 
increasing the availability of effective psychotherapy, evaluating peer support by and for people with mood 
disorders, suicide prevention, cost-effectiveness of treatment, and comorbidity of mood disorders with 
chronic medical conditions.  Dr. Simon currently leads the Mental Health Research Network, an NIMH-funded 
cooperative agreement supporting population-based mental health research across 13 large health systems.   

PLANNING COMMITTEE: 

JEFF ALLEN, Ph.D., is President and CEO of Friends of Cancer Research (Friends). Friends is an advocacy 
organization based in Washington, DC that drives collaboration among partners from every healthcare sector 
to power advances in science, policy, and regulation that speed life-saving treatments to patients. During the 
past 20 years, Friends has been instrumental in the creation and implementation of policies ensuring patients 
receive the best treatments in the fastest and safest way possible. For over 10 years, Jeff has been a driving 
force in the growth and success of the organization. Under his leadership, Friends has evolved into a nimble, 
forward-thinking policy, public affairs, and research organization. As President and CEO, he leads the 
strategic development and implementation of Friends’ scientific, policy, research, and legislative initiatives, as 
well as overseeing Board governance and organizational operations. 

As a thought leader on many issues related to the Food and Drug Administration, regulatory strategy, 
and healthcare policy, he is regularly published in prestigious medical journals and policy publications. In 
addition to participating in major scientific and policy symposiums around the country each year, Jeff has had 
the honor to be called to testify before Congress on multiple occasions and regularly contributes his expertise 
to the legislative process. Recent Friends initiatives include the establishment of the Breakthrough Therapies 
designation and the development of the Lung Cancer Master Protocol (Lung-MAP), a unique partnership that 
will accelerate and optimize clinical trial conduct for new drugs. Jeff has the privilege to also serve on a 



 

variety of influential committees, boards, and advisory councils including the Alliance for a Stronger FDA 
(Board Member, Past President), the Medical Evidence Development Consortium (MED-C; Board Chair), 
Lung-MAP Senior Leadership Team Member, and a participant on working groups convened by the National 
Academies of Medicine and President’s Council of Advisors on Science and Technology (PCAST). Prior to 
joining Friends, Jeff was an endocrinology researcher at the National Institutes of Health. His background in 
cancer research focused upon molecular changes associated with cancer formation as well as treatments to 
prevent cancer progression. Jeff received his Ph.D. in cell and molecular biology from Georgetown University, 
and holds a Bachelor’s of Science in Biology from Bowling Green State University. 
 
ANDREW BINDMAN, M.D., was appointed as Director of AHRQ on May 2, 2016. Prior to his appointment, Dr. 
Bindman served as Professor of Medicine and Epidemiology & Biostatistics at the University of California, San 
Francisco (UCSF). He is a primary care physician with Federal and State health policy experience who has 
practiced, taught, and conducted health services research at San Francisco General Hospital, an urban safety-
net hospital, for almost 30 years. During that time, he led the development of a nationally recognized 
academic division focused on improving the care of vulnerable populations and a State-university 
partnership with California’s Medicaid program that promotes translating research into policy. Dr. Bindman 
has published more than 150 peer-reviewed scientific articles focused on primary care and on low-income 
individuals’ access to and quality of care. Through his work, Dr. Bindman helped to establish the association 
between access to care and preventable hospitalizations for ambulatory care-sensitive conditions (what are 
now called Prevention Quality Indicators [PQIs]). Dr. Bindman has used PQIs to evaluate Medicaid programs 
and to design interventions to improve quality of care for low-income patients with chronic disease. He has 
also promoted a participatory research model with policymakers as a way to translate research into 
evidence-based policy. Dr. Bindman is a Senior Associate Editor of the journal Health Services Research and 
he was elected to the National Academy of Medicine in 2015. 
 At UCSF, Dr. Bindman contributed to the training of primary care physicians and the development of 
health services researchers. He has been the Director of UCSF’s Primary Care Research Fellowship, the 
developer of a course on translating research into policy, and a co-editor of the textbook Medical 
Management of Vulnerable and Underserved Populations. In 2005, Dr. Bindman received an achievement 
award from the Health Resources and Services Administration in recognition of his contributions to research 
training in health care disparities and in improving the diversity of the Nation’s health care workforce. He 
served on AHRQ’s Health Care Research Training Study Section from 2005-2009. In 2009-2010, Dr. Bindman 
was a Robert Wood Johnson Health Policy Fellow who worked as a staff member on the Energy and 
Commerce Committee in the U.S. House of Representatives. From September 2011 until June 30, 2014, Dr. 
Bindman served as a senior advisor within the Assistant Secretary for Planning and Evaluation’s Office of 
Health Policy, where he worked to establish new Medicare payment codes for transitional care and chronic 
care management. From July 2014 until November 2015, Dr. Bindman was a senior advisor to the Centers for 
Medicare & Medicaid Services, where he helped launch the Innovation Accelerator Program to support care 
transformation in State Medicaid programs. 
 
ADAM HAIM, Ph.D., is the Chief of the Treatment and Preventive Intervention Research Branch within the 
Division of Services and Intervention Research at the National Institute of Mental Health (NIMH).  Dr. Haim 
manages a broad portfolio of research focused on evaluating the efficacy and effectiveness of pharmacologic, 
psychosocial and combination interventions on mental and behavior disorders.   He is also a thought leader in 
the development, evaluation and implementation of technology enhanced mental health interventions. Dr. 
Haim is a licensed clinical psychologist and earned his doctoral degree in clinical psychology from State 
University of New York at Albany and completed his research fellowship at the NIMH Intramural Program in 
the Division of Clinical Neuroendocrinology. 
 
MICHAEL HORBERG, M.D., M.A.S, FACP, is Executive Director Research and Community Benefit of Mid-Atlantic 
Permanente Medical Group (MAPMG) and the director of the Mid-Atlantic Permanente Research Institute 
(MAPRI). He is also director of HIV/AIDS for Kaiser Permanente. Dr. Horberg has been appointed to serve on 
the Presidential Advisory Council on HIV/AIDS (PACHA), and co-chairs the Access to Care and Improved 
Outcomes Committee of PACHA. Dr. Horberg is a Fellow of the American College of Physicians, and he 
presently serves as Vice-Chair of the Board of Directors of the HIV Medicine Association of the Infectious 
Disease Society of America. He has co-chaired the NCQA/AMA/HRSA/IDSA sponsored Expert Panel on HIV-



 

related provider performance measures. He is Assistant Clinical Professor at Stanford University Medical 
School. Dr. Horberg is past-president of the national Gay and Lesbian Medical Association. His HIV research 
interests are health service outcomes for HIV-infected patients (including HIV quality measures and care 
improvement, and determinants of optimized multidisciplinary care for maximized HIV outcomes), 
medication adherence issues in these patients, and epidemiology of the disease. He graduated from Boston 
University’s College of Liberal Arts and School of Medicine (with honors of Summa cum Laude and Phi Beta 
Kappa) and completed his internal medicine residency at Michael Reese Hospital in Chicago (University of 
Chicago affiliate). He received his Master of Advanced Studies (Clinical Research) from University of 
California San Francisco.   
 
PETRA KAUFMANN, M.D., M.SC., is the director of both the Office of Rare Diseases Research and the Division of 
Clinical Innovation. Her work includes overseeing NCATS’ Rare Diseases Clinical Research Network, Genetic 
and Rare Diseases Information Center, and Clinical and Translational Science Awards Program as well as the 
NIH/NCATS Global Rare Diseases Patient Registry Data Repository/GRDR® program. Kaufmann focuses on 
engaging a broad range of stakeholders to accelerate translation from discovery to health benefits through 
use of innovative methods and tools in translational research and training. Before joining NCATS, Kaufmann 
was the director of the Office of Clinical Research at the National Institute of Neurological Disorders and 
Stroke (NINDS), where she worked with investigators to plan and execute a large portfolio of clinical research 
studies and trials in neurological disorders, including many in rare diseases. She established NeuroNEXT, a 
trial network for Phase II trials using a central institutional review board, streamlined contracting, active 
patient participation in all project phases, and a scientific and legal framework for partnership with industry. 
Kaufmann also promoted data sharing, working with multiple stakeholders from the academic, patient 
organization and industry sectors to develop data standards for more than 10 neurological diseases. 
 A native of Germany, Kaufmann earned her M.D. from the University of Bonn and her M.Sc. in 
biostatistics from Columbia University’s Mailman School of Public Health. She completed an internship in 
medicine at St. Luke’s/Roosevelt (now part of Mt. Sinai) in New York City, training in neurology and clinical 
neurophysiology at Columbia University, and a postdoctoral fellowship in the molecular biology of 
mitochondrial diseases at Columbia’s H. Houston Merritt Clinical Research Center for Muscular Dystrophy 
and Related Diseases. Before joining NINDS, Kaufmann was a tenured associate professor of neurology at 
Columbia, where she worked as a researcher and clinician in the neuromuscular division, the 
electromyography laboratories and the pediatric neuromuscular clinic. She has served on scientific advisory 
committees for many rare disease organizations and is a member of the American Academy of Neurology 
Science Committee, the International Rare Disease Research Consortium Interdisciplinary Scientific 
Committee and the Clinical Trial Transformation Initiative Steering Committee. Kaufmann is board certified 
in neurology, neuromuscular medicine and electrodiagnostic medicine. Kaufmann’s research focus is on the 
clinical investigation of rare diseases, such as spinal muscular atrophy, amyotrophic lateral sclerosis and 
mitochondrial diseases. She currently sees patients in the Muscular Dystrophy Association Clinic at Children’s 
National Medical Center in Washington, D.C. 
 
RICHARD KUNTZ, M.D., is Senior Vice President and Chief Scientific, Clinical and Regulatory Officer of 
Medtronic and serves as a member of the Company’s Executive Committee. In this role, which he assumed in 
August 2009, Kuntz oversees the company’s global regulatory affairs, health policy and reimbursement, 
clinical research activities, and corporate technology. Kuntz joined Medtronic in October 2005, as Senior Vice 
President and President of Medtronic Neuromodulation, which encompasses the company’s products and 
therapies used in the treatment of chronic pain, movement disorders, spasticity, overactive bladder and 
urinary retention, benign prostatic hyperplasia, and gastroparesis. In this role he was responsible for the 
research, development, operations and product sales and marketing for each of these therapeutic areas 
worldwide.Kuntz brings to Medtronic a broad background and expertise in many different areas of 
healthcare. Prior to Medtronic he was the Founder and Chief Scientific Officer of the Harvard Clinical 
Research Institute (HCRI), a university-based contract research organization which coordinates National 
Institutes of Health (NIH) and industry clinical trials with the United States Food and Drug Administration 
(FDA). Kuntz has directed over 100 multicenter clinical trials and has authored more than 250 original 
publications. His major interests are traditional and alternative clinical trial design and biostatistics.  
 Kuntz also served as Associate Professor of Medicine at Harvard Medical School, Chief of the Division 
of Clinical Biometrics, and an interventional cardiologist in the division of cardiovascular diseases at the 



 

Brigham and Women’s Hospital in Boston, MA. Kuntz has served as a member of the Board of Governors of 
PCORI (Patient Centered Outcomes Research Institute) since it was established in 2010 as part of the 
Affordable Care Act.Kuntz graduated from Miami University, and received his medical degree from Case 
Western Reserve University School of Medicine. He completed his residency and chief residency in internal 
medicine at the University of Texas Southwestern Medical School, and then completed fellowships in 
cardiovascular diseases and interventional cardiology at the Beth Israel Hospital and Harvard Medical School, 
Boston. Kuntz received his master’s of science in biostatistics from the Harvard School of Public Health. 
 
ELLIOTT LEVY, M.D., is senior vice president, Global Development, at Amgen. He is responsible for the clinical 
development of Amgen’s investigative and marketed products. Before joining Amgen, Dr. Levy spent 17 years 
at Bristol-Myers Squibb (BMS) in clinical development and pharmacovigilance. He has contributed to the 
development and approval of numerous new therapies for cardiovascular, metabolic, inflammatory, and 
malignant diseases, and led large organizations through periods of transformative change. Dr. Levy is a 
graduate of the Yale School of Medicine, where he also trained in internal medicine and nephrology. Dr. Levy 
was also a member of the Renal Division at Brigham and Women's Hospital in Boston, Massachusetts, where 
he was an investigator in federally sponsored outcomes research as well as industry-sponsored clinical trials. 
 
DAVID MADIGAN, Ph.D., received a bachelor’s degree in Mathematical Sciences and a Ph.D. in Statistics, both 
from Trinity College Dublin. He has previously worked for AT&T Inc., Soliloquy Inc., the University of 
Washington, Rutgers University, and SkillSoft, Inc. He has over 100 publications in such areas as Bayesian 
statistics, text mining, Monte Carlo methods, pharmacovigilance and probabilistic graphical models. He is an 
elected Fellow of the American Statistical Association and of the Institute of Mathematical Statistics. He 
recently completed a term as Editor-in-Chief of Statistical Science. 
 
DEVEN MCGRAW, J.D., M.P.H, currently serves as the Chief Regulatory Officer for Ciitizen, a position she 
assumed in December 2017. Prior to her current position, Ms. McGraw served as the Deputy Director for 
Health Information Privacy in the HHS Office of Civil Rights, a position she held from 2015 to 2017. She is a 
well-respected expert on the HIPAA Rules and has a wealth of experience in both the private sector and the 
non-profit advocacy world. Prior to her position at OCR, she was a partner in the healthcare practice of 
Manatt, Phelps & Phillips, LLP. She previously served as the Director of the Health Privacy Project at the 
Center for Democracy & Technology, which is a leading consumer voice on health privacy and security policy 
issues, and as the Chief Operating Officer at the National Partnership for Women & Families, where she 
provided strategic leadership and substantive policy expertise for the Partnership’s health policy agenda. Ms. 
McGraw graduated magna cum laude from the University of Maryland. She earned her J.D., magna cum laude, 
and her L.L.M. from Georgetown University Law Center and was Executive Editor of the Georgetown Law 
Journal. She has a Master of Public Health from Johns Hopkins School of Hygiene and Public Health. 
 
RICHARD PLATT, M.D., M.S., is Professor and Chair of the Department of Population Medicine at Harvard 
Pilgrim Health Care Institute. He has extensive experience in developing systems and capabilities for using 
routinely collected electronic health information to support public health surveillance, medical product safety 
assessments, comparative effectiveness and outcomes research, and quality improvement programs. Dr. Platt 
is Principal Investigator of the FDA Sentinel System. He co-leads the coordinating center of PCORI's National 
Patient Centered Clinical Research Network (PCORnet). He also co-leads the coordinating center of the NIH 
Health Care System Research Collaboratory, and he leads a CDC Prevention Epicenter. He is a member of the 
Institute of Medicine Roundtable on Value and Science Driven Healthcare and the Association of American 
Medical Colleges Advisory Panel on Research. Dr. Platt is a graduate of Harvard Medical School and the 
Harvard School of Public Health. He is clinically trained in internal medicine and infectious diseases. 
 
PATRICK VALLANCE, M.D., is President of Research and Development at GlaxoSmithKline (GSK) and a member 
of the GSK Corporate Executive Team. Prior to joining GSK in 2006, Patrick Vallance was a clinical academic 
and as Professor of Medicine led the Division of Medicine at University College London and Consultant 
Physician at UCL.  His academic work was in the field of cardiovascular biology and ranged from chemistry 
through to use of large electronic health records. Patrick Vallance is a Fellow of the Academy of Medical 



 

Sciences. He has been on the Board of the UK Office for Strategic Co-ordination of Health Research since 2009. 
He is also a director of Genome Research Limited. 
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Background

The use of warfarin reduces the rate of ischemic stroke in patients with atrial fibril-
lation but requires frequent monitoring and dose adjustment. Rivaroxaban, an oral 
factor Xa inhibitor, may provide more consistent and predictable anticoagulation than 
warfarin.

Methods

In a double-blind trial, we randomly assigned 14,264 patients with nonvalvular atrial 
fibrillation who were at increased risk for stroke to receive either rivaroxaban (at a 
daily dose of 20 mg) or dose-adjusted warfarin. The per-protocol, as-treated primary 
analysis was designed to determine whether rivaroxaban was noninferior to warfa-
rin for the primary end point of stroke or systemic embolism.

Results

In the primary analysis, the primary end point occurred in 188 patients in the riva-
roxaban group (1.7% per year) and in 241 in the warfarin group (2.2% per year) 
(hazard ratio in the rivaroxaban group, 0.79; 95% confidence interval [CI], 0.66 to 0.96; 
P<0.001 for noninferiority). In the intention-to-treat analysis, the primary end point 
occurred in 269 patients in the rivaroxaban group (2.1% per year) and in 306 patients 
in the warfarin group (2.4% per year) (hazard ratio, 0.88; 95% CI, 0.74 to 1.03; 
P<0.001 for noninferiority; P = 0.12 for superiority). Major and nonmajor clinically rel-
evant bleeding occurred in 1475 patients in the rivaroxaban group (14.9% per year) and 
in 1449 in the warfarin group (14.5% per year) (hazard ratio, 1.03; 95% CI, 0.96 to 1.11; 
P = 0.44), with significant reductions in intracranial hemorrhage (0.5% vs. 0.7%, P = 0.02) 
and fatal bleeding (0.2% vs. 0.5%, P = 0.003) in the rivaroxaban group.

Conclusions

In patients with atrial fibrillation, rivaroxaban was noninferior to warfarin for the 
prevention of stroke or systemic embolism. There was no significant between-group 
difference in the risk of major bleeding, although intracranial and fatal bleeding 
occurred less frequently in the rivaroxaban group. (Funded by Johnson & Johnson 
and Bayer; ROCKET AF ClinicalTrials.gov number, NCT00403767.)
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A trial fibrillation is associated 
with an increase in the risk of ischemic 
stroke by a factor of four to five1 and ac-

counts for up to 15% of strokes in persons of all 
ages and 30% in persons over the age of 80 years.2 
The use of vitamin K antagonists is highly effec-
tive for stroke prevention in patients with nonval-
vular atrial fibrillation and is recommended for 
persons at increased risk.3-5 However, food and 
drug interactions necessitate frequent coagulation 
monitoring and dose adjustments, requirements 
that make it difficult for many patients to use such 
drugs in clinical practice.6-8

Rivaroxaban is a direct factor Xa inhibitor that 
may provide more consistent and predictable anti-
coagulation than warfarin.9,10 It has been reported 
to prevent venous thromboembolism more effec-
tively than enoxaparin in patients undergoing 
orthopedic surgery11,12 and was noninferior to 
enoxaparin followed by warfarin in a study involv-
ing patients with established venous thrombosis.13 
This trial was designed to compare once-daily oral 
rivaroxaban with dose-adjusted warfarin for the 
prevention of stroke and systemic embolism in 
patients with nonvalvular atrial fibrillation who 
were at moderate-to-high risk for stroke.14

Me thods

Study Design and Oversight

The Rivaroxaban Once Daily Oral Direct Factor 
Xa Inhibition Compared with Vitamin K Antago-
nism for Prevention of Stroke and Embolism Trial 
in Atrial Fibrillation (ROCKET AF) was a multi-
center, randomized, double-blind, double-dummy, 
event-driven trial that was conducted at 1178 par-
ticipating sites in 45 countries.14 The study was 
supported by Johnson & Johnson Pharmaceutical 
Research and Development and Bayer HealthCare. 
The Duke Clinical Research Institute coordinated 
the trial, managed the database, and performed 
the primary analyses independently of the spon-
sors. Pertinent national regulatory authorities and 
ethics committees at participating centers ap-
proved the protocol, which is available with the 
full text of this article at NEJM.org. The members 
of an international executive committee designed 
the trial, were responsible for overseeing the study’s 
conduct, retained the ability to independently ana-
lyze and present the data, made the decision to 
submit the manuscript for publication, and take 
responsibility for the accuracy and completeness 

of the data and all analyses. The first academic 
author wrote the initial draft of the manuscript.

Study Participants

We recruited patients with nonvalvular atrial fibril-
lation, as documented on electrocardiography, who 
were at moderate-to-high risk for stroke. Elevated 
risk was indicated by a history of stroke, transient 
ischemic attack, or systemic embolism or at least 
two of the following risk factors: heart failure or 
a left ventricular ejection fraction of 35% or less, 
hypertension, an age of 75 years or more, or the 
presence of diabetes mellitus (i.e., a CHADS2 score 
of 2 or more, on a scale ranging from 1 to 6, with 
higher scores indicating a greater risk of stroke). 
According to the protocol, the proportion of pa-
tients who had not had a previous ischemic stroke, 
transient ischemic attack, or systemic embolism 
and who had no more than two risk factors was 
limited to 10% of the cohort for each region; the 
remainder of patients were required to have had 
either previous thromboembolism or three or 
more risk factors. Complete inclusion and exclu-
sion criteria are provided in the Supplementary Ap-
pendix, available at NEJM.org. All patients provided 
written informed consent.

Study Treatment

Patients were randomly assigned to receive fixed-
dose rivaroxaban (20 mg daily or 15 mg daily in 
patients with a creatinine clearance of 30 to 49 ml 
per minute) or adjusted-dose warfarin (target in-
ternational normalized ratio [INR], 2.0 to 3.0). 
Patients in each group also received a placebo tab-
let in order to maintain blinding. Randomization 
was performed with the use of a central 24-hour, 
computerized, automated voice-response system. 
A point-of-care device was used to generate en-
crypted values that were sent to an independent 
study monitor, who provided sites with either real 
INR values (for patients in the warfarin group in 
order to adjust the dose) or sham values (for pa-
tients in the rivaroxaban group receiving placebo 
warfarin) during the course of the trial. Sham INR 
results were generated by means of a validated 
algorithm reflecting the distribution of values in 
warfarin-treated patients with characteristics sim-
ilar to those in the study population.15 

It was intended that patients would continue 
to take the assigned therapy throughout the 
course of the trial, unless discontinuation was 
considered to be clinically indicated. Follow-up 
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procedures and restrictions on concomitant med
ications are summarized in the Supplementary 
Appendix.

Outcomes

The primary efficacy end point was the compos-
ite of stroke (ischemic or hemorrhagic) and sys-
temic embolism. Brain imaging was recommend-
ed to distinguish hemorrhagic from ischemic 
stroke. In the presence of atherosclerotic periph-
eral arterial disease, the diagnosis of embolism 
required angiographic demonstration of abrupt 
arterial occlusion.

Secondary efficacy end points included a com-
posite of stroke, systemic embolism, or death from 
cardiovascular causes; a composite of stroke, sys-
temic embolism, death from cardiovascular causes, 
or myocardial infarction; and individual compo-
nents of the composite end points. The principal 
safety end point was a composite of major and 
nonmajor clinically relevant bleeding events. Bleed-
ing events involving the central nervous system 
that met the definition of stroke were adjudicated 
as hemorrhagic strokes and included in both the 
primary efficacy and safety end points. Other overt 
bleeding episodes that did not meet the criteria 
for major or clinically relevant nonmajor bleeding 
were classified as minor episodes.

An independent clinical end-point committee 
applied protocol definitions to adjudicate all sus-
pected cases of stroke, systemic embolism, myo-
cardial infarction, death, and bleeding events that 
contributed to the prespecified end points. De-
tailed definitions of the end-point events are pro-
vided in the Supplementary Appendix.

Statistical Analysis

The primary hypothesis was that rivaroxaban 
would be noninferior to warfarin for the preven-
tion of stroke or systemic embolism. The primary 
analysis was prespecified to be performed in the 
per-protocol population, which included all pa-
tients who received at least one dose of a study 
drug, did not have a major protocol violation, and 
were followed for events while receiving a study 
drug or within 2 days after discontinuation (group 
A in Fig. 1 in the Supplementary Appendix).16-19

For the primary analysis, we determined that 
a minimum of 363 events would provide a power 
of 95% to calculate a noninferiority margin of 
1.46 with a one-sided alpha level of 0.025. How-
ever, 405 events were selected as the prespecified 

target to ensure a robust statistical result. On the 
basis of a projected event rate of 2.3% per 100 
patient-years in the warfarin group and a projected 
14% rate of annual attrition, it was estimated that 
approximately 14,000 patients would need to be 
randomly assigned to a study group.

If noninferiority was achieved in the primary 
analysis, a closed testing procedure was to be con-
ducted for superiority in the safety population 
during treatment, which included patients who 
received at least one dose of a study drug and were 
followed for events, regardless of adherence to the 
protocol, while they were receiving the assigned 
study drug or within 2 days after discontinuation 
(group B in Fig. 1 in the Supplementary Appen-
dix). Key secondary efficacy end points were also 
tested for superiority in the as-treated safety popu-
lation.20 Testing for noninferiority and superior-
ity was also performed in the intention-to-treat 
population, which included all patients who un-
derwent randomization and were followed for 
events during treatment or after premature dis-
continuation (group C in Fig. 1 in the Supplemen-
tary Appendix).

In addition, we performed post hoc analyses of 
events in the intention-to-treat population and 
events occurring during the end-of-study transi-
tion to open-label treatment with conventional 
anticoagulant agents. In the warfarin group, we 
used the method of Rosendaal et al.21 to calculate 
the overall time that INR values fell within the 
therapeutic range. Comparative analyses of treat-
ment efficacy were performed according to quar-
tiles of time that INR values fell within the thera-
peutic range at the participating clinical sites.

Event rates per 100 patient-years are presented 
as proportions of patients per year. Hazard ratios, 
confidence intervals, and P values were calculated 
with the use of Cox proportional-hazards mod-
els with treatment as the only covariate. Testing 
for noninferiority was based on a one-sided sig-
nificance level of 0.025; testing for superiority was 
based on a two-sided significance level of 0.05.

R esult s

Recruitment and Follow-up

From December 18, 2006, through June 17, 2009, 
a total of 14,264 patients underwent randomiza-
tion (Fig. 1 in the Supplementary Appendix). The 
study was terminated on May 28, 2010. The pro-
portions of patients who permanently stopped 

The New England Journal of Medicine 
Downloaded from nejm.org at NATIONAL ACADEMIES OF SCIENCES, ENGINEERGING & MEDICINE on February 27, 2018. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;10  nejm.org  september 8, 2011886

their assigned therapy before an end-point event 
and before the termination date were 23.7% in 
the rivaroxaban group and 22.2% in the warfarin 
group. The median duration of treatment expo-
sure was 590 days; the median follow-up period 
was 707 days. Only 32 patients were lost to follow-
up. Because of violations in Good Clinical Prac-
tice guidelines at one site that made the data un-
reliable, 93 patients (50 in the rivaroxaban group 
and 43 in the warfarin group) were excluded from 
all efficacy analyses before unblinding. An addi-
tional issue with data quality was raised at an-
other trial site, but this issue was resolved with-
out the exclusion of the patients from the analysis 
(for details, see the Supplementary Appendix).

Patient Characteristics and Treatments

Key clinical characteristics of the patients who 
underwent randomization are shown in Table 1. 
The median age was 73 years (a quarter of the 
patients were 78 years of age or older), and 39.7% 
of the patients were women. The patients had sub-
stantial rates of coexisting illnesses: 90.5% had 
hypertension, 62.5% had heart failure, and 40.0% 
had diabetes; 54.8% of the patients had had a 
previous stroke, systemic embolism, or transient 
ischemic attack. The mean and median CHADS2 
scores were 3.5 and 3.0, respectively. Data on med-
ication use at baseline are provided in Table 1 in 
the Supplementary Appendix. Previous use of vi-
tamin K antagonists was reported by 62.4% of pa-
tients. At some time during the study, 34.9% of 
patients in the rivaroxaban group and 36.2% of 
those in the warfarin group took aspirin concur-
rently with the assigned study drug. Among pa-
tients in the warfarin group, INR values were 
within the therapeutic range (2.0 to 3.0) a mean 
of 55% of the time (median, 58%; interquartile 
range, 43 to 71).

Primary Outcome

In the per-protocol population (the patients in-
cluded in the primary efficacy analysis), stroke 
or systemic embolism occurred in 188 patients 
in the rivaroxaban group (1.7% per year) and in 
241 patients in the warfarin group (2.2% per year) 
(hazard ratio in the rivaroxaban group, 0.79; 95% 
confidence interval [CI], 0.66 to 0.96; P<0.001 
for noninferiority) (Table 2 and Fig. 1A). In the 
as-treated safety population, primary events oc-
curred in 189 patients in the rivaroxaban group 
(1.7% per year) and in 243 patients in the warfarin 

Table 1. Characteristics of the Intention-to-Treat Population at Baseline.

Characteristic
Rivaroxaban
(N = 7131)

Warfarin
(N = 7133)

Age — yr

Median 73 73

Interquartile range 65–78 65–78

Female sex — no. (%) 2831 (39.7) 2832 (39.7)

Body-mass index*

Median 28.3 28.1

Interquartile range 25.2–32.1 25.1–31.8

Blood pressure — mm Hg

Systolic

Median 130 130

Interquartile range 120–140 120–140

Diastolic

Median 80 80

Interquartile range 70–85 70–85

Type of atrial fibrillation — no. (%)

Persistent 5786 (81.1) 5762 (80.8)

Paroxysmal 1245 (17.5) 1269 (17.8)

Newly diagnosed or new onset 100 (1.4) 102 (1.4)

Previous medication use — no. (%)

Aspirin 2586 (36.3) 2619 (36.7)

Vitamin K antagonist 4443 (62.3) 4461 (62.5)

CHADS2 risk of stroke†

Mean score (±SD) 3.48±0.94 3.46±0.95

Score — no. (%)

2 925 (13.0) 934 (13.1)

3 3058 (42.9) 3158 (44.3)

4 2092 (29.3) 1999 (28.0)

5 932 (13.1) 881 (12.4)

6‡ 123 (1.7) 159 (2.2)

Coexisting condition — no. (%)

Previous stroke, systemic em
bolism, or transient 
ischemic attack

3916 (54.9) 3895 (54.6)

Congestive heart failure 4467 (62.6) 4441 (62.3)

Hypertension 6436 (90.3) 6474 (90.8)

Diabetes mellitus 2878 (40.4) 2817 (39.5)

Previous myocardial infarction‡ 1182 (16.6) 1286 (18.0)

Peripheral vascular disease 401 (5.6) 438 (6.1)

Chronic obstructive pulmonary 
disease

754 (10.6) 743 (10.4)

Creatinine clearance — ml/min§

Median 67 67

Interquartile range 52–88 52–86

*	The body-mass index is the weight in kilograms divided by the square of the 
height in meters.

†	The CHADS2 score for the risk of stroke ranges from 1 to 6, with higher scores 
indicating an increased risk. Three patients (one in the rivaroxaban group and two 
in the warfarin group) had a CHADS2 score of 1.

‡	P<0.05 for the between-group comparison.
§	Creatinine clearance was calculated with the use of the Cockcroft–Gault formula.
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group (2.2% per year) (hazard ratio, 0.79; 95% CI, 
0.65 to 0.95; P = 0.01 for superiority). Among all 
randomized patients in the intention-to-treat anal-
ysis, primary events occurred in 269 patients in the 
rivaroxaban group (2.1% per year) and in 306 pa-
tients in the warfarin group (2.4% per year) (haz-
ard ratio, 0.88; 95% CI, 0.74 to 1.03; P<0.001 for 
noninferiority; P = 0.12 for superiority) (Fig. 1B).

During treatment in the intention-to-treat pop-
ulation, patients in the rivaroxaban group had a 
lower rate of stroke or systemic embolism (188 
events, 1.7% per year) than those in the warfarin 
group (240 events, 2.2% per year) (P = 0.02) (Ta-
ble 2 and Fig. 2). Among patients who stopped 
taking the assigned study drug before the end of 
the study, during a median of 117 days of follow-
up after discontinuation, primary events occurred 
in 81 patients in the rivaroxaban group (4.7% per 
year) and in 66 patients in the warfarin group 
(4.3% per year) (P = 0.58). (Details regarding the 
time to events in patients who completed the study 
and were switched to standard medical therapy are 
provided in Fig. 2 in the Supplementary Appendix.)

Bleeding Outcomes

Major and clinically relevant nonmajor bleeding 
occurred in 1475 patients in the rivaroxaban group 
and in 1449 patients in the warfarin group (14.9% 
and 14.5% per year, respectively; hazard ratio in 
the rivaroxaban group, 1.03; 95% CI, 0.96 to 1.11; 
P = 0.44) (Table 3). Rates of major bleeding were 

similar in the rivaroxaban and warfarin groups 
(3.6% and 3.4%, respectively; P = 0.58). Decreases 
in hemoglobin levels of 2 g per deciliter or more 
and transfusions were more common among pa-
tients in the rivaroxaban group, whereas fatal 
bleeding and bleeding at critical anatomical sites 
were less frequent. Rates of intracranial hemor-
rhage were significantly lower in the rivaroxaban 
group than in the warfarin group (0.5% vs. 0.7% 
per year; hazard ratio, 0.67; 95% CI, 0.47 to 0.93; 
P = 0.02). Major bleeding from a gastrointestinal 
site was more common in the rivaroxaban group, 
with 224 bleeding events (3.2%), as compared with 
154 events in the warfarin group (2.2%, P<0.001) 
(Table 2 in the Supplementary Appendix). (Data 
on nonhemorrhagic adverse events are provided 
in Table 3 in the Supplementary Appendix.)

Secondary Efficacy Outcomes

The rates of secondary efficacy outcomes in the 
as-treated safety population are presented in Ta-
ble 4 in the Supplementary Appendix. During 
treatment, myocardial infarction occurred in 101 
patients in the rivaroxaban group and in 126 pa-
tients in the warfarin group (0.9% and 1.1% per 
year, respectively; hazard ratio in the rivaroxaban 
group, 0.81; 95% CI, 0.63 to 1.06; P = 0.12). In the 
same analysis population, there were 208 deaths 
in the rivaroxaban group and 250 deaths in the 
warfarin group (1.9% and 2.2% per year, respec-
tively; hazard ratio, 0.85; 95% CI, 0.70 to 1.02; 

Table 2. Primary End Point of Stroke or Systemic Embolism.*

Study Population Rivaroxaban Warfarin
Hazard Ratio 

(95% CI)† P Value

No. of 
Patients

No. of 
Events

Event 
Rate

No. of 
Patients

No. of 
Events

Event 
Rate Noninferiority Superiority

no./100 
patient-yr

no./100 
patient-yr

Per-protocol, as-treated 
population‡

6958 188 1.7 7004 241 2.2 0.79 (0.66–0.96) <0.001

Safety, as-treated population 7061 189 1.7 7082 243 2.2 0.79 (0.65–0.95) 0.02

Intention-to-treat population§ 7081 269 2.1 7090 306 2.4 0.88 (0.75–1.03) <0.001 0.12

During treatment 188 1.7 240 2.2 0.79 (0.66–0.96) 0.02

After discontinuation   81 4.7   66 4.3 1.10 (0.79–1.52) 0.58

*	The median follow-up period was 590 days for the per-protocol, as-treated population during treatment; 590 days for the safety, as-treated 
population during treatment; and 707 days for the intention-to-treat population.

†	Hazard ratios are for the rivaroxaban group as compared with the warfarin group.
‡	The primary analysis was performed in the as-treated, per-protocol population during treatment.
§	Follow-up in the intention-to-treat population continued until notification of study termination.

The New England Journal of Medicine 
Downloaded from nejm.org at NATIONAL ACADEMIES OF SCIENCES, ENGINEERGING & MEDICINE on February 27, 2018. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 



T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

n engl j med 365;10  nejm.org  september 8, 2011888

P = 0.07). In addition, in the intention-to-treat analy
sis throughout the trial, there were 582 deaths in 
the rivaroxaban group and 632 deaths in the war-
farin group (4.5% and 4.9% per year, respectively; 
hazard ratio, 0.92; 95% CI, 0.82 to 1.03; P = 0.15).

Selected Subgroup Analyses

The effect of rivaroxaban, as compared with war-
farin, in both efficacy and safety analyses was con-
sistent across all prespecified subgroups (Fig. 3, 
4, and 5 in the Supplementary Appendix). Fur-

thermore, the effect of rivaroxaban did not differ 
across quartiles of the duration of time that INR 
values were within the therapeutic range accord-
ing to study center (P = 0.74 for interaction) (Ta-
ble 5 in the Supplementary Appendix). Within 
the highest quartile according to center, the haz-
ard ratio with rivaroxaban versus warfarin was 
0.74 (95% CI, 0.49 to 1.12).

Discussion

In this randomized trial, we compared rivaroxa-
ban with warfarin for the prevention of stroke or 
systemic embolism among patients with nonval-
vular atrial fibrillation who were at moderate-to-
high risk for stroke. In both the primary analy-
sis, which included patients in the per-protocol 
population, and in the intention-to-treat analysis, 
we found that rivaroxaban was noninferior to war-
farin. In the primary safety analysis, there was no 
significant difference between rivaroxaban and 
warfarin with respect to rates of major or nonma-
jor clinically relevant bleeding.

As prespecified in the statistical-analysis plan, 
we analyzed the trial data in a variety of ways be-
cause we anticipated that some patients would 
discontinue the study treatment and we wished to 
evaluate both noninferiority and superiority. Al-
though an intention-to-treat analysis is the stan-
dard method for assessing superiority in a ran-
domized trial, noninferiority is best established 
when patients are actually taking the randomized 
treatment.16-19 Thus, the primary analysis was per-
formed in the per-protocol population during re-
ceipt of the randomly assigned therapy. In the 
intention-to-treat population, we found no signifi-
cant between-group difference in a conventional 
superiority analysis. In contrast, in the analyses 
of patients receiving at least one dose of a study 
drug who were followed for events during treat-
ment, we found that rivaroxaban was superior to 
warfarin. The difference between these results 
reflects the fact that among patients who discon-
tinued therapy before the conclusion of the trial, 
no significant difference in outcomes would have 
been anticipated, and none was seen.

The most worrisome complication of antico-
agulation is bleeding. Rates of major and nonma-
jor clinically relevant bleeding, the main measure 
of treatment safety, were similar in the rivaroxa-
ban and warfarin groups. Bleeding that proved 
fatal or involved a critical anatomical site occurred 
less frequently in the rivaroxaban group, mainly 
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Figure 1. Cumulative Rates of the Primary End Point (Stroke or Systemic 
Embolism) in the Per-Protocol Population and in the Intention-to-Treat 
Population.
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because of lower rates of hemorrhagic stroke and 
other intracranial bleeding. In contrast, bleeding 
from gastrointestinal sites, including upper, lower, 
and rectal sites, occurred more frequently in the 
rivaroxaban group, as did bleeding that led to a 
drop in the hemoglobin level or bleeding that re-
quired transfusion. Even though patients in our 
trial were at increased risk for bleeding events, 
rates of major bleeding were similar to those in 
other recent studies involving patients with atrial 
fibrillation.4,15,22,23

Among patients in our study who survived and 
did not reach the primary end point, the rate of 
premature, permanent cessation of randomized 
treatment (14.3% in year 1) was slightly higher 
than in other studies (average, 11%).15,23 This may 
have been a consequence of the trial’s double-blind 
design or the inclusion of patients with more co-
existing illnesses. Among patients who perma-
nently discontinued their assigned treatment be-
fore the end of the study, only about half were 
treated thereafter with a vitamin K antagonist. 
This observation suggests that for at least some 
of the patients who participated in the trial, the 
risks of open-label therapy with currently available 
anticoagulants were ultimately judged to outweigh 
the risk of stroke or systemic embolism. Event 
rates were similar at 30 days and 1 year after with-
drawal, suggesting that the mechanism of events 
did not involve hypercoagulability early after with-
drawal of rivaroxaban. Events occurring at the end 
of the study were probably related to increased 
difficulty in achieving the transition from blinded 
trial therapy to the open-label use of a vitamin K 
antagonist when the patient had previously been 
assigned to the rivaroxaban group, since presum-
ably many patients who had previously been as-
signed to the warfarin group would have already 
had a therapeutic INR.

Among patients in the warfarin group, the pro-
portion of time in which the intensity of anti-
coagulation was in the therapeutic range (mean, 
55%), which was calculated from all INR values 
during the study and for 7 days after warfarin 
interruptions, was lower than in previous studies 
of other new anticoagulants in patients with atrial 
fibrillation (range, 64 to 68%). Among these trials, 
the only study of blinded treatment was limited to 
North American sites, which may have facilitated 
trial compliance.15 Most earlier trials of warfarin 
included fewer high-risk patients,3 and no previous 
studies addressed patient populations with overall 
levels of coexisting illnesses and geographic diver-

sity that were similar to those of the patients in 
our study.24 Significant variations in the duration 
of time in the therapeutic range may reflect re-
gional differences and differential skill in manag-
ing warfarin.25 In a recent analysis of anticoagu-
lation management involving more than 120,000 
patients in the Veterans Affairs health care system, 
the mean proportion of time in the therapeutic 
range was 58%, with significant variation across 
sites.24 The efficacy of rivaroxaban, as compared 
with warfarin, was as favorable in centers with the 
best INR control as in those with poorer control.
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Figure 2. Cumulative Rates of the Primary End Point during Treatment 
and after Discontinuation in the Intention-to-Treat Population.
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In conclusion, in this trial comparing a once-
daily, fixed dose of rivaroxaban with adjusted-
dose warfarin in patients with nonvalvular atrial 
fibrillation who were at moderate-to-high risk for 
stroke, rivaroxaban was noninferior to warfarin 
in the prevention of subsequent stroke or sys-
temic embolism. There were no significant dif-
ferences in rates of major and clinically relevant 
nonmajor bleeding between the two study groups, 
although intracranial and fatal bleeding occurred 
less frequently in the rivaroxaban group.
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Table 3. Rates of Bleeding Events.*

Variable
Rivaroxaban
(N = 7111)

Warfarin
(N = 7125)

Hazard Ratio
(95% CI)† P Value‡

Events Event Rate Events Event Rate

no. (%)
no./100 

patient-yr no. (%)
no./100 

patient-yr

Principal safety end point: major and nonmajor 
clinically relevant bleeding§

1475 (20.7) 14.9 1449 (20.3) 14.5 1.03 (0.96–1.11) 0.44

Major bleeding

Any 395 (5.6) 3.6 386 (5.4) 3.4 1.04 (0.90–1.20) 0.58

Decrease in hemoglobin ≥2 g/dl 305 (4.3) 2.8 254 (3.6) 2.3 1.22 (1.03–1.44) 0.02

Transfusion 183 (2.6) 1.6 149 (2.1) 1.3 1.25 (1.01–1.55) 0.04

Critical bleeding¶ 91 (1.3) 0.8 133 (1.9) 1.2 0.69 (0.53–0.91) 0.007

Fatal bleeding 27 (0.4) 0.2 55 (0.8) 0.5 0.50 (0.31–0.79) 0.003

Intracranial hemorrhage 55 (0.8) 0.5 84 (1.2) 0.7 0.67 (0.47–0.93) 0.02

Nonmajor clinically relevant bleeding 1185 (16.7) 11.8 1151 (16.2) 11.4 1.04 (0.96–1.13) 0.35

*	All analyses of rates of bleeding are based on the first event in the safety population during treatment.
†	Hazard ratios are for the rivaroxaban group as compared with the warfarin group and were calculated with the use of Cox proportional-hazards 

models with the study group as a covariate.
‡	Two-sided P values are for superiority in the rivaroxaban group as compared with the warfarin group.
§	Minimal bleeding events were not included in the principal safety end point.
¶	Bleeding events were considered to be critical if they occurred in intracranial, intraspinal, intraocular, pericardial, intraarticular, intramuscular 

(with compartment syndrome), or retroperitoneal sites.
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Abstract

Purpose: The US Food and Drug Administration's Sentinel system developed tools for

sequential surveillance.

Methods: In patients with non‐valvular atrial fibrillation, we sequentially compared outcomes

for new users of rivaroxaban versus warfarin, employing propensity score matching and Cox

regression. A total of 36 173 rivaroxaban and 79 520 warfarin initiators were variable‐ratio

matched within 2 monitoring periods.

Results: Statistically significant signals were observed for ischemic stroke (IS) (first period) and

intracranial hemorrhage (ICH) (second period) favoring rivaroxaban, and gastrointestinal bleeding

(GIB) (second period) favoring warfarin. In follow‐up analyses using primary position diagnoses

from inpatient encounters for increased definition specificity, the hazard ratios (HR) for

rivaroxaban vs warfarin new users were 0.61 (0.47, 0.79) for IS, 1.47 (1.29, 1.67) for GIB, and

0.71 (0.50, 1.01) for ICH. For GIB, the HR varied by age: <66 HR = 0.88 (0.60, 1.30) and 66+

HR = 1.49 (1.30, 1.71).

Conclusions: This study demonstrates the capability of Sentinel to conduct prospective

safety monitoring and raises no new concerns about rivaroxaban safety.
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1 | INTRODUCTION

KEY POINTS

• In the study supporting rivaroxaban (Xarelto®) approval

for stroke prevention in non‐valvular atrial fibrillation,

compared with warfarin, rivaroxaban had a similar

effect on ischemic stroke, but decreased the risk of

intracranial hemorrhage and increased the risk of major

gastrointestinal bleeding.

• This study used new FDA Sentinel sequential monitoring

capabilities to examine the safety of rivaroxaban among

patients with atrial fibrillation during the drug's early

uptake period in 4 large Data Partners in the FDA

Sentinel distributed database with diverse patient

populations.

• An indication of a lower risk of ischemic stroke in the

rivaroxaban group compared with warfarin was

detected early and persisted with additional monitoring

and sensitivity analysis.
Although sequential methods have been commonly applied in random-

ized trials, their use in observational settings is relatively new.1 The

Vaccine Safety Datalink used these methods to detect potential safety

signals more rapidly than would be possible with a single retrospective

evaluation, while controlling the overall Type I error rate across the

multiple analysis periods.2 Most subsequent applications, including

within Vaccine Safety Datalink and in other settings such as Medicare

data, have used either self‐controlled or historically controlled designs

to address confounding,3-7 while 1 study implemented exposure

matching on individual confounders.8 Although the general challenges

of sequential monitoring in observational settings have been

explored,9 less is known about sequential implementation of

propensity score matching (PSM) in a setting like Sentinel. The Sentinel

system, which is sponsored by the Food and Drug Administration

(FDA), was created to improve medical product safety surveillance. It

is a distributed database with more 100 million individuals from 18

Data Partners.

This paper describes the results of a pilot project to test a sequen-

tial PSM approach by examining the safety of rivaroxaban (Xarelto®)

among patients with atrial fibrillation (AF) in the drug's early uptake

period. Atrial fibrillation (AF) affects an estimated 2.9 million people

in the United States10 and is associated with a 4‐ to 5‐fold increase

in ischemic stroke risk.11-13 Anticoagulation therapy with warfarin

has long‐established efficacy for reducing the risk of thromboembolic

events, but this therapy also increases the risk of serious bleeding.

Warfarin has other disadvantages including multiple diet and food

interactions and a narrow therapeutic window requiring frequent

international normalization ratio testing.

Rivaroxaban (Xarelto®) was the second non‐vitamin K antagonist

oral anticoagulant to receive FDA approval. In the study supporting its

approval for stroke prevention in non‐valvular AF (ROCKET AF—

Rivaroxaban Once Daily Oral Direct Factor Xa Inhibition Compared with

Vitamin K Antagonism for Prevention of Stroke and Embolism Trial in

Atrial Fibrillation), rivaroxaban was found to be non‐inferior to warfarin

therapy for the primary composite endpoint of time to first occurrence

of stroke (any type) or non‐CNS systemic embolism (HR 0.88; 95% CI

0.74, 1.03).14 In ROCKET AF, compared with warfarin, rivaroxaban had

a similar effect on ischemic stroke (2.9 events per 100 person‐years for

rivaroxaban vs 2.9 events per 100 person‐years for warfarin), decreased

the risk of intracranial hemorrhage (including hemorrhagic stroke) (0.5

events per 100 person‐years vs 0.7 events per 100 person‐years), and

increased the risk of major gastrointestinal bleeding (2.0 events per 100

person‐years vs 1.2 events per 100 person‐years).
2 | METHODS

We used a new user cohort design comparing rivaroxaban to warfarin

on 3 outcomes—gastrointestinal bleeding, ischemic stroke, and

intracranial hemorrhage (including hemorrhagic stroke). Variable ratio

PS matching was chosen to make use of the large number of warfarin

users. Risk for each outcome was separately evaluated with time‐to‐

event analyses using Cox regression. Sequential testing controlling
overall type 1 error was used. A detailed surveillance plan was pub-

lished, and, prior to conducting the second sequential test, amended

to reduce the number of sequential tests from 5 to 2, and to also

reflect the refinements made to the sequential monitoring tool.15
2.1 | Data source

The 4 largest (Aetna, Humana, Optum, and HealthCore) of Sentinel's

18 Data Partners were selected to participate in this pilot project, with

data from November 1, 2011 through April 30, 2015 (Appendix Table

A1). Sentinel is a public health surveillance activity that is not under the

purview of institutional review boards.16,17
2.2 | Study cohort

We employed the Cohort Identification and Descriptive Analysis

(CIDA) tool in combination with the PSM tool.18 We identified new

users of either drug who were age 21 years and older on the date of

cohort entry and who, in the 183 days before rivaroxaban or warfarin

initiation, were continuously enrolled in a participating health plan with

medical coverage and pharmacy benefits, did not have a pharmacy dis-

pensing claim for oral anticoagulants (rivaroxaban, warfarin,

dabigatran, apixaban, or edoxaban), had a diagnosis of AF or atrial flut-

ter (ICD‐9‐CM 427.31 or 427.32), and did not have codes for mitral

stenosis, mechanical heart valve, joint replacement, renal dialysis, or a

history of renal transplant. Codes for atrial flutter were included

because a large fraction of these patients have AF along with atrial

flutter, and per clinical practice guidelines, they should be treated

similarly.19 Rivaroxaban is not indicated for valvular AF and has not

been studied in patients on hemodialysis. Patients with joint

replacement or only taking the 10‐mg rivaroxaban dosage, which is

labeled only for prophylaxis of deep venous thromboembolism

following hip or knee replacement surgery, were excluded because this
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evaluation focused on the AF indication. We defined the dispensing

date of the first eligible prescription of either drug as the index date.
2.3 | Outcomes

Intracranial hemorrhage, gastrointestinal bleeding, and ischemic stroke

were identified by ICD‐9‐CM codes recorded as non‐secondary

diagnoses associated with inpatient health care claims (Appendix Table

A2). Sentinel classifies diagnosis codes on acute inpatient encounters

as either primary, secondary, unable to classify, or missing. Definitions

that used all non‐secondary (defined as primary position, unable to

classify, or missing) codes were initially implemented for the outcome

definitions. At the time surveillance was initiated, definitions using only

primary position diagnosis codes were known to sometimes result in

implausible variability in incidence rates across Data Partners. The

source of this variability was corrected before the end of surveillance,

and thus outcome definitions that included only diagnosis codes in the

primary position were used for all end‐of‐surveillance analyses. The

positive predictive values for these primary position‐only definitions

are known to exceed 85% (see Appendix Table A2 footnote for

details).20-25
2.4 | Follow‐up

Follow‐up for each outcome ended at the earliest of any of the

following: occurrence of that outcome event, initiation of a different

anticoagulant, health plan disenrollment (excluding gaps of less than

45 days), death, discontinuation of the initiated therapy defined as

failure to refill 7 days after the end of an exposure episode, or reaching

the end of the assessment period (Appendix Table A1). Exposure

episodes were defined as beginning on the day after the index date

and lasting for the period specified in the days' supply field of the

prescription claim. Serial fills of a study drug with gaps of 7 days or less

between fills based on days' supply were merged into 1 exposure

episode via a stockpiling algorithm.26 Only the first eligible episode

per person was included in the analysis.
2.5 | Covariates

Over 70 covariates were specified a priori, including risk factors for

bleeding, risk factors for ischemic stroke, measures of overall health

status, and medications (Appendix Tables A3 and A4). In addition, com-

bined Charlson/Elixhauser comorbidity score,27 as well as 8 measures

of health care utilization intensity, were selected from pre‐defined

algorithms: number of filled prescriptions, unique generic drugs, unique

drug classes, inpatient hospital encounters, non‐acute institutional

encounters, emergency department encounters, ambulatory encoun-

ters, and other ambulatory encounters such as telemedicine and email

consults.28 Covariates were based on data from the 183‐day baseline

period prior to initiation of the anticoagulant.
2.6 | Interim tool changes

The first analysis period used a prototype of the tools, while the

second (last) analysis and end‐of‐surveillance analyses used updated

CIDA and PSM tools. There were 2 important changes. First, the CIDA
prototype initially misclassified physician service encounters occurring

during inpatient stays as secondary diagnosis codes, while the updated

CIDA tool correctly classified these diagnoses as position unspecified

codes. Second, the updated PSM tool was modified to correctly retain

matches throughout surveillance, rather than allow re‐matching to

occur with each sequential analysis period. The time between the first

analysis and the second (last) sequential analysis was 18 months, rather

than the planned quarterly intervals due to the time required to update

the tools. By the second analysis, the target sample size had been

achieved.
2.7 | Statistical analysis

Variable ratio PS matching was used to control for confounding where

a new rivaroxaban user was matched to up to 10 new warfarin users

from the same Data Partner.29 PSs were estimated in each Data Part-

ner, using a logistic regression model to estimate patients' probability

of initiating rivaroxaban versus warfarin, and included all covariates

from the 183‐day baseline period in the model. A nearest‐neighbor

matching algorithm was used with a maximum matching caliper of

0.05 on the PS scale for analysis periods 1 and 2, and 0.01 for the

end of surveillance.

We examined the distribution of PS values and checked covariate

balance between rivaroxaban and warfarin cohorts within each Data

Partner. We compared baseline characteristics between cohorts

pooled across Data Partners before and after PS matching using

standardized mean differences. A standardized mean difference

≥ 0.10 or ≤ −0.10 was used to indicate potential imbalance.30 Baseline

characteristics of the matched warfarin users were weighted by the

inverse of the number of users in a matched set because of variability

in the number of matches per set.
2.8 | Sequential analysis and testing

Using the matched data and combining across Data Partners, at each

analysis period a separate Cox regression model with time‐since‐

drug‐initiation as the time scale, stratified by Data Partner and

matched set, was used to estimate the hazard ratio (HR) comparing

rivaroxaban and warfarin users for each of the 3 outcomes.

At each analysis period, a 2‐sided test based on the standardized

Wald statistic from the Cox regression analysis (ie, log(HR)/ stderr

(log(HR)) was computed using model‐based standard errors. This

standardized test statistic was compared with a preset, constant group

sequential signaling threshold with a total alpha of 0.05 for all

sequential tests.
2.9 | End‐of‐surveillance analysis

The sequential tests yielded signals for all 3 outcomes. To further

investigate, we conducted additional analyses using only diagnosis

codes in the primary position for greater specificity. The HR esti-

mates we report in our tables are from these end‐of‐surveillance

analyses.
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3 | RESULTS

3.1 | Cohort characteristics

Across the total monitoring time, we identified a total of 41 800

eligible rivaroxaban initiators and 87 907 eligible warfarin initiators

(Table 1) with average follow‐up of 139 days and 157 days, respec-

tively, in the gastrointestinal bleeding analysis. For simplicity, we only

present the descriptive statistics for the gastrointestinal bleeding

cohort below. The sample sizes for the cohorts for the other outcome

events were similar, with small differences explained by exclusion of

patients with the particular outcome event on the index date.

Before PS matching, new users of rivaroxaban were on average

4 years younger and had fewer stroke or bleeding risk factors than war-

farin users (Table 1; complete profiles are shown in Appendix Tables A3

and A4). The proportion of patients with a prior recorded ischemic stroke

diagnosis was 7.5% for rivaroxaban users and 11.6% for warfarin users.

Prior gastrointestinal bleeding had occurred in 3.6% and 5.5%, and intra-

cranial hemorrhage in 0.6%, and 1.3%, of rivaroxaban and warfarin users,

respectively. These baseline conditions include recent as well as a more

distant history of the condition recorded in inpatient or outpatient

settings during the baseline period. The matched cohorts were well

balanced on all baseline confounders (Table 1 and Appendix Table A4).

Overall, 36 173 of 41 800 (86.5%) eligible rivaroxaban initiators

and 79 520 of 87 907 (90.5%) eligible warfarin initiators were matched

(Table 1). After accounting for the varying matching ratios and for loss

of an entire matched set after it no longer included both rivaroxaban

and warfarin users, the potentially informative mean follow‐up was

85 days for rivaroxaban and 71 days for warfarin (Table 2). The number

of matched sets more than doubled between the first and final sequen-

tial analysis. For example, in the first sequential analysis, 14 550

rivaroxaban users were matched with 46 539 warfarin users in the gas-

trointestinal bleeding analysis. In the final sequential analysis for the

same outcome, 36 173 rivaroxaban users were matched with 79 520

warfarin users.
3.2 | Propensity score‐matched sequential analysis
results

At the time of the initial analysis that employed the non‐secondary out-

come definitions, after controlling for confounding using PS matching,

the HR for ischemic stroke, 0.64, was significantly less than 1.0 with a

test statistic that exceeded the threshold for rejecting the null hypoth-

esis (P = 0.0036). The test statistics for gastrointestinal bleeding and

intracranial hemorrhage had not exceeded the signaling threshold. At

the second and final sequential analysis that employed the non‐second-

ary outcome definitions, the null hypothesis was rejected for both

bleeding outcomes with HRs of 1.30 (P < 0.0001) for gastrointestinal

bleeding and 0.73 (P = 0.0159) for intracranial hemorrhage.
3.3 | End‐of‐surveillance propensity score matched
results

Table 2 presents the end‐of‐surveillance PS matched HRs. Using a

more specific outcome definition, the HR for ischemic stroke was
0.61 (0.47, 0.79), for gastrointestinal bleeding was 1.47 (1.29, 1.67),

and for intracranial hemorrhage was 0.71 (0.50, 1.01). Histograms of

propensity scores for the unmatched and matched cohort for each

Data Partner are displayed in Appendix Figures 1 and 2.

In subgroup analyses, we did not find evidence to support that the

associations varied significantly in patients with and without prior his-

tory of any of the events (Table 3). For gastrointestinal bleeding, the 2

age groups differed significantly (P = 0.0002) with an increased HR

only observed among those aged 66 years and over (Table 3).
4 | DISCUSSION

This assessment demonstrates the capability of Sentinel to conduct

prospective drug safety monitoring using a multi‐site distributed data-

base, and to do this with sophisticated re‐usable programming tools.

This enables highly customized analyses to be done more quickly and

in a substantially larger and more heterogeneous patient population31

than is otherwise possible in a single database system. Test statistics

for all 3 outcomes exceeded the signaling threshold during surveil-

lance: ischemic stroke during the first analysis period and both bleed-

ing outcomes in the second period. When in‐depth follow‐up

analyses were conducted, new rivaroxaban users had a 39% decrease

in hazard of ischemic stroke, a 47% increase in hazard of gastrointesti-

nal bleeding, and a HR for intracranial hemorrhage (HR = 0.71) that was

no longer statistically significant (95% confidence interval: 0.50, 1.01).

The strengths of this assessment are several. The large population

enabled several important subgroup analyses. The inclusion of patients

who were dispensed anticoagulants in clinical settings across 4 large

national health insurers provides real‐world evidence to complement

clinical trial evidence. There was a broad age range with which to

examine effects in younger users. The active comparator new user

cohort design with PS matching is a strong design with which to ensure

that the study cohorts are as similar as possible except for the drug

exposure. Finally, the sequential design enabled analysis of data as

information accrued.

Most prior adaptations of sequential analyses in observational set-

tings have involved monitoring of vaccines, which are administered at

a single point in time, for outcomes that occur acutely following their

receipt (eg, within days or weeks). Conducting sequential surveillance

for chronically used drugs with longer‐term adverse events follow‐up

periods is more challenging because “at risk” windows for a given indi-

vidual are likely to span multiple sequential analysis periods. This

necessitates the ability to link individual‐level data over time.

When conducting prospective analyses in a dynamic health care

data environment, it can be advantageous to incorporate newly

updated data over time as these data may represent important correc-

tions or previously missing data. However, doing this poses unique

challenges when implementing PS matching as a confounder adjust-

ment strategy in a sequential analysis framework. This test of the Sen-

tinel PSM tool identified that small updates to confounder data in prior

analysis periods can alter the estimated PS for individuals. This can

then result in different matches being made using updated data than

were first made using the originally captured data. Maintaining the

same matched sample over time is important for cohort stability and
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TABLE 3 Propensity score‐matcheda end of surveillance Cox regres-
sion analysis comparing rivaroxaban with warfarin, by health outcome
and subgroup

Outcome/Subgroup Hazard Ratio (95% CI)b

Ischemic stroke

Age group:

Patients age 21–65 1.09 (0.61, 1.96)

Patients age 66 and over 0.60 (0.45, 0.79)

Baseline history of outcome event:

Patients without baseline ischemic stroke 0.68 (0.49, 0.93)

Patients with baseline ischemic stroke 0.61 (0.40, 0.94)

Gastrointestinal bleeding

Age group:

Patients age 21–65 0.88 (0.60, 1.30) *

Patients age 66 and over 1.49 (1.30, 1.71) *

Baseline history of outcome event:

Patients without baseline
gastrointestinal bleeding

1.52 (1.32, 1.76)

Patients with baseline
gastrointestinal bleeding

1.36 (0.94, 1.95)

Intracranial hemorrhage

Age group:

Patients age 21–65 0.61 (0.20, 1.88)

Patients age 66 and over 0.77 (0.54, 1.10)

Baseline history of outcome event:

Patients without baseline
intracranial hemorrhage

0.66 (0.46, 0.94)

Patients with baseline
intracranial hemorrhage

6.47 (0.87, 48.19)

aMonitoring period started November 1, 2011 for all Data Partners, but the
end date varied among Data Partners: April 30, 2014, December 31, 2014,
March 31, 2015, and April 30, 2015. Matching caliper for this analysis was
0.01.
bHazard ratio estimated by stratified Cox regression conditioned on Data
Partner and PS matched set. Confidence intervals are nominal 95%
intervals for the final hazard ratio estimates.

*The null hypothesis that the 2 age subgroups differ by chance
alone was rejected (Chi‐square [1 degree of freedom] = 13.7,
p = .0002).

TABLE 2 Propensity score‐matched end of surveillancea Cox regression analyses comparing rivaroxaban with warfarin, by health outcome

Outcome/
Comparator

New
Users

Person‐Years
at Risk Events

Adjusted Incidence Rate
per 1000 Person‐Yearsc

Adjusted Hazard
Ratio (95% CI)b

Ischemic stroke

Rivaroxaban 36,512 8,572 82 9.57 0.61 (0.47, 0.79)
Warfarin 80,180 15,672 268 17.10

Gastrointestinal bleeding

Rivaroxaban 36,173 8,427 423 50.20 1.47 (1.29, 1.67)
Warfarin 79,520 15,384 651 34.82

Intracranial hemorrhage

Rivaroxaban 36,171 8,502 46 5.41 0.71 (0.50, 1.01)
Warfarin 79,529 15,551 143 7.49

aMonitoring period started November 1, 2011 for all Data Partners, but the end date varied among Data Partners: April 30, 2014, December 31, 2014,
March 31, 2015, and April 30, 2015. Matching caliper for this analysis was 0.01.
bHazard ratios estimated by stratified Cox regression conditioned on Data Partner and PS matched set. Confidence intervals are nominal 95% intervals for
the final hazard ratio estimates.
cIncidence rates adjusted for censoring in matched sets and variable ratio matching. See Appendix B for further detail.
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minimizing the sampling variability of results. This was achieved, but

additional programming enhancements were needed.

The CIDA + PSM tools attempt to strike a balance between semi‐

automating decisions and analyses so planning and implementation

can be conducted more rapidly, but also retaining many of the design

controls that would be implemented under a more traditional custom-

ized protocol approach. This assessment was able to extensively con-

trol for over 70 confounding variables, implement a PS‐matched new

user cohort design, and accomplish this with pre‐programmed tools.

From a safety perspective, it is often desirable to conduct more

frequent tests in order to either identify potential signals as rapidly

as possible or provide reassurance that there is no evidence for a major

safety concern. However, each time an analysis is conducted,

resources (which are not unlimited) must be devoted to oversee and

manage the receipt of the data, and to review, troubleshoot, interpret,

and act on the results. The Sentinel Data Partners that participated in

this surveillance activity refreshed their data on a quarterly basis. Thus,

for this evaluation, quarterly testing (5 times) was originally selected as

the most frequent rate of testing that would both provide potentially

valuable new information at each analysis and also be practically

feasible with available resources.15 Refreshed data can only be used

in surveillance analysis after they pass the Sentinel quality assurance

processes. Although refreshed quarterly, the included data are from 6

to 9 months prior because the Data Partners prefer to use stable

adjudicated data for Sentinel.

In this real‐world example including new data as it accumulated

over time, we found results that were partly consistent with those of

the pivotal trial, the ROCKET‐AF, a randomized trial of 14 264 patients

with nonvalvular AF. The HRs for gastrointestinal bleeding (favoring

warfarin over rivaroxaban) were similar in the 2 studies (Sentinel: HR:

1.47; 95% CI: 1.14, 1.76, and ROCKET‐AF: HR: 1.61; 95% CI: 1.30,

1.99). However, for the ischemic stroke outcome, while rivaroxaban

use was protective compared with warfarin in Sentinel (HR: 0.61,

95% CI: 0.47, 0.79), there was no difference on that outcome in the

ROCKET‐AF trial (HR: 0.94; 95% CI: 0.75, 1.17). The ROCKET‐AF trial

did find rivaroxaban was non‐inferior, but not superior, to warfarin for

the composite endpoint of stroke (ischemic or hemorrhagic) and non‐
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central nervous system systemic embolism. We did not examine such a

composite outcome in the Sentinel study. In spite of differences in out-

come definitions, method of capture, and population eligibility criteria,

it is interesting that incidence rates for ischemic stroke and intracranial

hemorrhage among warfarin users were quite similar between the 2

studies. Gastrointestinal bleeding rates were higher among Sentinel

warfarin users than among warfarin users in the trial.

Our study population was drawn from patients who received anti-

coagulant therapy in routine ambulatory care settings and extends

findings in meaningful ways beyond the randomized clinical trial set-

ting. First, we included patients with a broad range in age and baseline

stroke and bleeding risk. This enabled subgroup analyses by age and

prior history of the outcome events. The HR estimates for ischemic

stroke, for instance, were quite similar in patients with and without

ischemic stroke diagnosis codes during the baseline period. This

extends evidence beyond the high risk population included in the

ROCKET‐AF trial in which patients had to have either a history of

stroke, transient ischemic attack, or systemic embolism or at least 2

risk factors (congestive heart failure, age 75 years or more, and diabe-

tes). However, our estimate for those with “no prior stroke” includes

people with other cerebrovascular conditions such as transient ische-

mic attacks and therefore may not accurately represent the risk for

lowest risk individuals without these prior conditions. We also found

that the overall elevated HR for gastrointestinal bleeding with

rivaroxaban was not evident among those under age 66 years. The

study aimed to evaluate rivaroxaban safety when used for non‐valvular

AF. Although all patients had AF diagnosis codes and those with codes

for other indications were excluded, it is possible that some were tak-

ing anticoagulants for other indications.

This Sentinel assessment measures short‐term effects (average fol-

low‐up duration less than 3 months). Follow‐up in this study was short

for several reasons. First, rivaroxaban was a newly approved drug with

use increasing over the study period. Thus, many patients entered the

cohort near the end of the study and were censored at the end of the

study. For example, over half of the patients were added in the final anal-

ysis periodwhen 10 to 21months of new data were added. Second, real‐

world adherence to chronic medications is known to be low, and any on‐

treatment analysis like ours will have short follow‐up time on aver-

age.32,33 Health plan membership churn such as occurs with changes in

employment is a third contributing factor. Finally, stratification by

matched set in the Cox regression led to censoring of follow‐up for the

entire matched set when either the rivaroxaban user was censored, or

all of thewarfarin users in thematched setwere censored.Mostmatched

sets had more than 1 warfarin users and so, on average, warfarin follow‐

upwas shortenedmore than rivaroxaban follow‐up by this feature of the

analysis. A recent FDA Medicare study found that incidence rates for

both stroke and gastrointestinal bleedingwere highest in the first 90 days

of treatment for both dabigatran and warfarin, and dropped substantially

thereafter. The same FDA study showed constant HRs in a time‐varying

Cox model. (Table 3, online supplement).34

Although we adjusted for many variables, there could still be resid-

ual confounding, such as would occur if rivaroxaban users were less

likely than warfarin users to be smokers or obese, as these are potential

risk factors that are incompletely captured in health plan databases. In

addition, with a look‐back period of 183 days, misclassification of the
baseline covariates may be present. While our assessment of the PS‐

matched cohort suggests excellent balance in measured patient

covariates, we cannot assess balance in unobserved covariates.

New use was defined by a minimum of 183 days of non‐use of any

anticoagulant. It is possible some patients could have had AF diagnosed

in previous years and taken warfarin before a long period of non‐adher-

ence or non‐problematic AF. The decision was made to require

183 days of continuous health plan enrollment rather than a longer

period in order to avoid an anticipated non‐trivial loss of sample size.

In summary, this first demonstration of the CIDA and PSM tools to

enable prospective surveillance has resulted in important changes that

improve FDA's ability to observe stable, matched patient‐sets over

time. The timely relevance of this study's findings illustrates capacity

for Sentinel to play an effective role in post‐market monitoring of seri-

ous cardiovascular outcomes for novel drugs in a way that comple-

ments post‐market cardiovascular outcomes trials. Many of the

important features used in rigorous observational safety studies were

supported by the Sentinel CIDA + PSM tools and were able to be

applied for this prospective surveillance activity, including diagnostic

output to evaluate covariate balance, extensive covariate adjustment,

subgroup analysis, and sensitivity analysis of key parameters. An indi-

cation of a lower risk of ischemic stroke in the rivaroxaban group com-

pared with warfarin was detected early and persisted with additional

monitoring and sensitivity analysis. Over an average of 3 months after

initiating treatment, this study does not raise any new safety concerns

regarding use of rivaroxaban.
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Outcomes of Dabigatran and Warfarin for Atrial Fibrillation in
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Background: Dabigatran (150 mg twice daily) has been associ-
ated with lower rates of stroke than warfarin in trials of atrial fi-
brillation, but large-scale evaluations in clinical practice are
limited.

Objective: To compare incidence of stroke, bleeding, and myo-
cardial infarction in patients receiving dabigatran versus warfarin
in practice.

Design: Retrospective cohort.

Setting: National U.S. Food and Drug Administration Sentinel
network.

Patients: Adults with atrial fibrillation initiating dabigatran or
warfarin therapy between November 2010 and May 2014.

Measurements: Ischemic stroke, intracranial hemorrhage, ex-
tracranial bleeding, and myocardial infarction identified from
hospital claims among propensity score–matched patients start-
ing treatment with dabigatran or warfarin.

Results: Among 25 289 patients starting dabigatran therapy
and 25 289 propensity score–matched patients starting warfarin
therapy, those receiving dabigatran did not have significantly
different rates of ischemic stroke (0.80 vs. 0.94 events per 100
person-years; hazard ratio [HR], 0.92 [95% CI, 0.65 to 1.28]) or
extracranial hemorrhage (2.12 vs. 2.63 events per 100 person-

years; HR, 0.89 [CI, 0.72 to 1.09]) but were less likely to have
intracranial bleeding (0.39 vs. 0.77 events per 100 person-years;
HR, 0.51 [CI, 0.33 to 0.79]) and more likely to have myocardial
infarction (0.77 vs. 0.43 events per 100 person-years; HR, 1.88
[CI, 1.22 to 2.90]). However, the strength and significance of the
association between dabigatran use and myocardial infarction
varied in sensitivity analyses and by exposure definition (HR
range, 1.13 [CI, 0.78 to 1.64] to 1.43 [CI, 0.99 to 2.08]). Older
patients and those with kidney disease had higher gastrointesti-
nal bleeding rates with dabigatran.

Limitation: Inability to examine outcomes by dabigatran dose
(unacceptable covariate balance between matched patients) or
quality of warfarin anticoagulation (few patients receiving warfa-
rin had available international normalized ratio values).

Conclusion: In matched adults with atrial fibrillation treated in
practice, the incidences of stroke and bleeding with dabigatran
versus warfarin were consistent with those seen in trials. The pos-
sible relationship between dabigatran and myocardial infarction
warrants further investigation.

Primary Funding Source: U.S. Food and Drug Administration.

Ann Intern Med. 2017;167:845-854. doi:10.7326/M16-1157 Annals.org
For author affiliations, see end of text.
This article was published at Annals.org on 14 November 2017.

Atrial fibrillation increases ischemic stroke risk by 4-
to 5-fold and is the most common significant ar-

rhythmia in adults (1, 2). The burden of atrial fibrillation
will continue to increase in the United States, with an
estimated prevalence of 6 million to 12 million cases by
2050 (1, 2). The evidence-based cornerstone of stroke
prevention remains anticoagulant use. The vitamin K
antagonist warfarin reduces ischemic stroke by a rela-
tive 68% but can cause intracranial and major extracra-
nial bleeding (3). Furthermore, efficacy and safety of
warfarin depend on achieving an international normal-
ized ratio of 2.0 to 3.0 through careful monitoring (4).
Warfarin is very effective in settings where high-quality
anticoagulation is achieved (5).

Dabigatran, an oral direct thrombin inhibitor, was
approved by the U.S. Food and Drug Administration
(FDA) in 2010 for patients with nonvalvular atrial fibril-
lation (6). This approval was based on the RE-LY (Ran-
domized Evaluation of Long-Term Anticoagulation
Therapy) trial, which showed that dabigatran (150 mg
twice daily) was superior to warfarin for reducing the
combined rate of all stroke and systemic embolism (7,
8). Major bleeding was similar with 150 mg of dabiga-
tran twice daily and adjusted-dose warfarin, but more

patients had intracranial bleeding and fewer had gas-
trointestinal bleeding with dabigatran. In addition, the
rate of acute myocardial infarction was significantly
higher with 150 mg of dabigatran twice daily (7), but
this difference was no longer significant after additional
events were identified (8). However, meta-analyses of
randomized trials involving dabigatran suggested in-
creased myocardial infarction or acute coronary syn-
dromes (9) and gastrointestinal bleeding (10)—findings
largely driven by the results of RE-LY and data showing
higher extracranial bleeding rates for patients aged 80
years or older (11).

After initial use of dabigatran in practice, published
articles and reports to the FDA (9, 12) suggested major
bleeding associated with dabigatran. In response, the
FDA did preliminary analyses of bleeding risk using
data from its Sentinel network (13, 14), where no in-
creased bleeding rates were seen with dabigatran ver-
sus warfarin, but adjustment for confounders was lim-
ited (15). Given conflicting observational data about
the balance of thromboembolic and safety risks with
dabigatran versus warfarin (9, 12, 16–26), we examined
the incidence of thromboembolism, bleeding, and
myocardial infarction associated with initiation of dab-
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igatran or warfarin treatment in a large, real-world
population with atrial fibrillation in the FDA's Sentinel
program.

METHODS
Source Population

The Sentinel program is a national surveillance
system sponsored by the FDA for medical products. It
includes a central coordinating center and 17 collabo-
rating institutions and health care delivery systems con-
tributing data from administrative, clinical, and phar-
macy dispensing databases to the Sentinel Distributed
Database (13, 14). Most patients in the database are
privately insured. As a public health surveillance activ-
ity, Sentinel is not under the purview of institutional re-
view boards (27).

Design and Analytic Sample
The detailed protocol for this analysis is available

at www.sentinelinitiative.org/sites/default/files/Drugs
/Assessments/Mini-Sentinel_Protocol-for-Assessment-of
-Dabigatran_0.pdf. In brief, we did a retrospective anal-
ysis of the Sentinel Distributed Database with a “new
user” design (28). The sample consisted of adults aged
21 years or older with atrial fibrillation initiating dabiga-
tran or warfarin therapy between 1 November 2010
and 31 May 2014 (13, 29). Because of the data refresh
schedule, the end date varied across sites, but most
sites contributed data through 2013. Atrial fibrillation
was defined as at least 1 diagnosis of atrial fibrillation
or atrial flutter based on International Classification of
Diseases, Ninth Revision, Clinical Modification, codes
427.31 and 427.32 from any setting in the 12 months
before the date when dabigatran or warfarin was first
dispensed (index date). We excluded patients with
fewer than 365 days of continuous prescription and
medical coverage immediately preceding the index
date; any prior dispensing for oral anticoagulants (that
is, warfarin, dabigatran, rivaroxaban, or apixaban) dur-
ing the 365 days before the index date; known me-
chanical heart valve or mitral stenosis, prior kidney
transplant, or long-term dialysis before the index date
(based on diagnosis or procedure codes) (30); or resi-
dence in a skilled-nursing facility or nursing home at
the index date.

Anticoagulant Exposure
We used outpatient pharmacy dispensing data to

characterize initiation and longitudinal exposure to
dabigatran or warfarin in an “on-treatment” approach
to understand outcomes associated with active treat-
ment. We allowed all possible doses and dosing regi-
mens in the analysis for both dabigatran and warfarin.
Follow-up started on the index date, and person-time
of continuous exposure was based on prescriptions dis-
pensed for the index treatment. In primary analyses, we
allowed a grace period of up to 7 days between the
estimated end date of any prescription and the start
date of the next prescription, based on the days' supply
information from each, to consider a patient continu-
ously exposed to the drug of interest.

We separately addressed early drug refills using an
approach that attempts to balance possible stockpiling
with other situations in which the patient has used up
the earlier prescription. Toward that end, we used a
7-day limit for early refills for both dabigatran and war-
farin, such that for any refill that occurred within 7 days
before the predicted end of a first prescription, the ad-
ditional days were added to the end of the second pre-
scription for consecutive prescriptions.

Outcomes
Outcomes were ischemic stroke, intracranial hem-

orrhage, all strokes, and major extracranial bleeding
(see Appendix Table 1, available at Annals.org, for
codes). We followed previously described algorithms
(5, 31) using hospital discharge diagnoses in which
ischemic stroke was identified by primary discharge di-
agnoses, intracranial hemorrhage by primary and sec-
ondary discharge diagnoses with subclassification of
major trauma, and major extracranial hemorrhage by
primary discharge diagnoses of extracranial hemor-
rhage with subclassification of gastrointestinal bleed-
ing. On the basis of primary hospital discharge diagno-
ses used in previous FDA Sentinel protocols (32), we
also identified patients hospitalized for myocardial in-
farction. Patients were followed through the end of
available data from each site or until they were cen-
sored because of treatment discontinuation, initiation
of the comparator treatment (that is, warfarin or dab-
igatran), initiation of another anticoagulant treatment,
nursing home or skilled-nursing facility admission,
health system disenrollment, or death.

Covariates
Using demographic information as well as diagnos-

tic and procedure codes, we identified risk factors for
bleeding and those for thromboembolism or myocar-
dial infarction (Appendix Table 2, available at Annals
.org; codes available on request). We also used relevant
diagnostic and procedure codes, records on dispensed
prescription medications, and resource use data for
proxy measures of overall health status and frailty (Ap-
pendix Table 2; codes available on request). Finally, we
identified prior receipt of angiotensin-converting en-
zyme inhibitors, angiotensin-receptor blockers, antian-
gina vasodilators, antiarrhythmics, antiplatelet agents,
aspirin, �-blockers, calcium-channel blockers, other an-
tihypertensive agents, antidiabetic drugs, diuretics, es-
trogens, progestins, heparin and low-molecular-weight
heparins, nonsteroidal anti-inflammatory drugs, statins,
nonstatin lipid-lowering drugs, and proton-pump
inhibitors.

Statistical Analysis
Analyses were done using SAS, version 9.43 (SAS

Institute). To construct the matched cohort, we esti-
mated a propensity score for initiating dabigatran ther-
apy using logistic regression (PROC LOGISTIC in SAS)
among all eligible patients starting treatment with dab-
igatran or warfarin within each participating data part-
ner including all covariates described above (33). The
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data partner–specific propensity scores were then used
to match patients receiving dabigatran with those re-
ceiving warfarin in a 1:1 ratio using a nearest-neighbor–
matching algorithm with a maximum matching caliper
of 0.05 within each data partner. We used the nearest-
neighbor–matching macro in the Pharmacoepidemiol-
ogy Toolbox with the following parameter settings:
caliper, 0.05; ratio, 1; fixed_ratio, 1; and balanced, 0
(34, 35).

Given the large sample size, we compared charac-
teristics among those receiving dabigatran or warfarin
using standardized differences, which were calculated
as the difference in means or proportions of a variable
divided by a pooled estimate of the SD of the variable,
with a value greater than 0.1 considered to be signifi-
cant (36, 37). To describe the incidence of stroke,
bleeding events, and myocardial infarction, we calcu-
lated cohort estimates of event rates per 100 person-
years along with 95% CIs and plotted cumulative inci-
dence curves for each outcome. To compare the
incidence of these outcomes in patients receiving dab-
igatran versus warfarin, the prespecified primary analy-
ses used Cox proportional hazards regression (PROC
PHREG) in the matched cohort, stratified by data part-
ner. The Cox model included exposure as the only in-
dependent variable because the 1:1 matching adjusts
for covariates. We confirmed that the proportional haz-
ards assumption had not been violated by examining
an exposure-by-time interaction term and by visual in-
spection of Kaplan–Meier plots. We also estimated inci-
dence rate differences, accounting for stratification by
data partner by using inverse variance weights.

We also did a series of sensitivity analyses. First, we
assembled a separate variable-ratio–matched cohort,
which allowed more than 1 patient receiving warfarin to
be matched to each patient receiving dabigatran, and
we did Cox regression stratified by data partner and
matched set. Second, we did conditional Cox regres-
sion only for the outcome of myocardial infarction to
understand the difference between 1:1 and variable-
ratio–matched results where, in addition to stratifying
by data partner, we stratified by matched pair such that
both members of the pair were censored at the time
either member was censored. We also examined the
potential influence of methods for defining drug expo-
sure (that is, a 14-day grace period between prescrip-
tions to define continuous exposure to each drug or a
combination of prescription data and outpatient com-
pletion of international normalized ratio tests to charac-
terize warfarin use [5]). Finally, we rematched and
evaluated whether differential associations existed be-
tween treatment groups and outcomes in prespecified
subgroups by age (<65 years, 65 to 74 years, 75 to 84
years, and ≥85 years), sex, and reduced kidney function
(defined using relevant International Classification of
Diseases, Ninth Revision, Clinical Modification, diag-
nostic codes). Additional details about the matching
process can be found in the Appendix (available at
Annals.org).

Role of the Funding Source
The FDA was involved in the design, conduct, and

reporting of the study.

RESULTS
Cohort Assembly and Follow-up

Using data from the 8 participating data partners,
we identified and propensity score–matched 25 289 el-
igible patients newly receiving dabigatran (95.8% of all
26 390 patients starting treatment with dabigatran) and
25 289 patients newly receiving warfarin (30.4% of all
83 084 patients starting treatment with warfarin) from
November 2010 through May 2014 (Appendix Figure
and Appendix Table 3, available at Annals.org). The
numbers of initially identified patients per data partner
are provided in Appendix Table 4 (available at Annals
.org). Among matched users, the mean age was 68.4
years, approximately one third were women, and the
comorbidity burden was high (Table 1). However, on
the basis of standardized differences, no material
imbalances existed across characteristics between
matched groups in any site or in the overall cohort (Ta-
ble 1). Mean continuous follow-up was 123 days (SD,
149) for patients receiving dabigatran and 102 days
(SD, 119) for matched patients receiving warfarin. Me-
dian continuous exposure was 66 days (interquartile
range, 36 to 151 days) for dabigatran and 66 days (in-
terquartile range, 36 to 123 days) for warfarin. During
follow-up, 73.3% of patients receiving dabigatran and
70.8% of those receiving warfarin were censored be-
cause of discontinuing or having a significant gap in
their index anticoagulant therapy, whereas 6.3% of pa-
tients receiving dabigatran and 4.0% of those receiving
warfarin switched to another anticoagulant. Data were
censored for administrative reasons in 20.5% of the
dabigatran group and 25.2% of the warfarin group (Ap-
pendix Table 5, available at Annals.org).

Ischemic Stroke and Intracranial Hemorrhage
During follow-up, the rate of ischemic stroke in pa-

tients receiving dabigatran was 0.80 events per 100
person-years, compared with 0.94 events per 100
person-years in matched patients receiving warfarin
(Table 2 and Figure 1). No statistically significant differ-
ence existed between dabigatran and warfarin in the
incidence of ischemic stroke (hazard ratio [HR], 0.92
[95% CI, 0.65 to 1.28]) (Figure 2). Results of sensitivity
and subgroup analyses were similar (Appendix Tables
6 to 14, available at Annals.org).

The rate of intracranial hemorrhage in patients re-
ceiving dabigatran was 0.39 events per 100 person-
years, compared with 0.77 events per 100 person-years
among matched patients receiving warfarin (Table 2
and Figure 1). The rate of intracranial hemorrhage was
significantly lower in the dabigatran group than the
warfarin group (HR, 0.51 [CI, 0.33 to 0.79]) (Figure 2).
Results were similar after excluding traumatic intracra-
nial hemorrhages (Figure 2). In additional sensitivity
and subgroup analyses, results were similar to those
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Table 1. Characteristics of Propensity Score–Matched Patients With Atrial Fibrillation Starting Dabigatran or Warfarin Therapy

Characteristic Dabigatran
(n � 25 289)

Warfarin
(n � 25 289)

Standardized
Difference

Demographic characteristics
Mean age (SD), y 68.48 (10.91) 68.34 (11.11) 0.01
Female, n (%) 9128 (36.1) 9033 (35.7) 0.01

Health service use
Mean combined comorbidity score (SD) 2.47 (2.22) 2.44 (2.19) 0.01
Mean prior hospitalizations (SD), n 0.66 (0.84) 0.66 (0.85) 0.01
Mean physician visits (SD), n 13.97 (8.27) 13.96 (8.28) 0.00
Mean unique National Drug Code numbers (SD), n 10.30 (7.27) 10.36 (7.60) 0.01

Medical history, n (%)
Advanced kidney dysfunction 2932 (11.6) 2931 (11.6) 0.00
Advanced liver disease 71 (0.3) 79 (0.3) 0.01
Alcoholism 157 (0.6) 153 (0.6) 0.00
Anemia 1492 (5.9) 1526 (6.0) 0.01
Atrial fibrillation 24 584 (97.2) 24 555 (97.1) 0.01
Atrial flutter 5288 (20.9) 5376 (21.3) 0.01
Chronic heart failure 9766 (38.6) 9596 (37.9) 0.01
Coagulation defects 375 (1.5) 402 (1.6) 0.01
Diabetes mellitus 7622 (30.1) 7473 (29.6) 0.01
Hospitalized gastrointestinal bleeding 272 (1.1) 287 (1.1) 0.01
Hospitalized intracranial bleeding 98 (0.4) 93 (0.4) 0.00
Hyperlipidemia 9887 (39.1) 9947 (39.3) 0.00
Hypertension 20 633 (81.6) 20 603 (81.5) 0.00
Ischemic stroke 2053 (8.1) 2038 (8.1) 0.00
Metastatic cancer 311 (1.2) 304 (1.2) 0.00
Myocardial infarction 1235 (4.9) 1221 (4.8) 0.00
Nonspecific cerebrovascular symptoms 416 (1.6) 426 (1.7) 0.00
Other arterial embolism 216 (0.9) 233 (0.9) 0.01
Other gastrointestinal ulcer disease 273 (1.1) 298 (1.2) 0.01
Other hospitalized bleeding 250 (1.0) 252 (1.0) 0.00
Other ischemic cerebrovascular disease 4435 (17.5) 4505 (17.8) 0.01
Other ischemic heart disease 1258 (5.0) 1249 (4.9) 0.00
Peripheral vascular disease 4401 (17.4) 4397 (17.4) 0.00
Smoking and tobacco use 3797 (15.0) 3810 (15.1) 0.00
Trauma with likely immobilization 1277 (5.0) 1261 (5.0) 0.00

Recent procedures, n (%)
Coronary artery bypass graft surgery 1810 (7.2) 1852 (7.3) 0.01
Other major surgery 1255 (5.0) 1307 (5.2) 0.01
Percutaneous coronary intervention 2886 (11.4) 2879 (11.4) 0.00

Frailty indicators, n (%)
Cane use 94 (0.4) 92 (0.4) 0.00
Commode chair use 277 (1.1) 301 (1.2) 0.01
Home oxygen use 1225 (4.8) 1211 (4.8) 0.00
Osteoporotic fracture 552 (2.2) 530 (2.1) 0.01
Recent fall 824 (3.3) 840 (3.3) 0.00
Walker use 660 (2.6) 678 (2.7) 0.00
Wheelchair use 258 (1.0) 258 (1.0) 0.00

Medication use, n (%)
Angiotensin-converting enzyme inhibitors 9931 (39.3) 10 008 (39.6) 0.01
Angiotensin-receptor blockers 5266 (20.8) 5263 (20.8) 0.00
Antiangina vasodilators 2327 (9.2) 2362 (9.3) 0.00
Antiarrhythmics 8733 (34.5) 8917 (35.3) 0.02
Antiplatelets 3335 (13.2) 3401 (13.4) 0.01
Aspirin 237 (0.9) 216 (0.9) 0.01
�-Blockers 18 087 (71.5) 18 126 (71.7) 0.00
Calcium-channel blockers 10 348 (40.9) 10 264 (40.6) 0.01
Diuretics 11 770 (46.5) 11 598 (45.9) 0.01
Other antihypertensives 2225 (8.8) 2222 (8.8) 0.00
Diabetes drugs 7622 (30.1) 7473 (29.6) 0.01
Estrogens 884 (3.5) 892 (3.5) 0.00
Progestins 301 (1.2) 295 (1.2) 0.00
Heparin and low-molecular-weight heparins 372 (1.5) 465 (1.8) 0.03
Nonsteroidal anti-inflammatory drugs 5336 (21.1) 5421 (21.4) 0.01
Statins 13 458 (53.2) 13 475 (53.3) 0.00
Nonstatin lipid-lowering drugs 3238 (12.8) 3299 (13.0) 0.01
Proton-pump inhibitors 6365 (25.2) 6453 (25.5) 0.01
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from the main analysis, although precision was limited
by the low number of events (Appendix Tables 6 to 14).

The incidence of combined stroke was lower in
patients receiving dabigatran (1.18 events per 100
person-years) than in matched patients receiving war-
farin (1.68 events per 100 person-years) (Table 2). The
HR was 0.74 (CI, 0.57 to 0.97) with inclusion of trauma-
related events and 0.75 (CI, 0.56 to 1.00) with their ex-
clusion (Figure 2). Results were quantitatively consis-
tent in sensitivity analyses, although they were not
statistically significant in the variable-ratio–matched
analysis (Appendix Table 6) or in subgroup analyses
(Appendix Tables 7 to 14).

Major Extracranial Bleeding
Patients receiving dabigatran had a rate of 2.12

events per 100 person-years for major extracranial
bleeding (primarily gastrointestinal), and matched pa-
tients receiving warfarin had a rate of 2.63 events per
100 person-years (Table 2 and Figure 1), with no signif-
icant association between dabigatran use and major
extracranial bleeding compared with warfarin (HR, 0.89
[CI, 0.72 to 1.09]) (Figure 2). In sensitivity analyses, re-
sults were similar to those from the main analysis (Ap-
pendix Table 6); however, in subgroup analyses, com-
pared with warfarin, dabigatran use was associated
with a lower rate of major extracranial bleeding in per-
sons aged 64 years or younger (HR, 0.51 [CI, 0.30 to
0.87]) and in women (HR, 0.73 [CI, 0.54 to 0.99]) (Ap-
pendix Tables 7 to 13).

We did not see a significant increase in gastrointes-
tinal bleeding associated with dabigatran compared
with warfarin in the primary analysis (HR, 1.04 [CI, 0.83
to 1.30]) (Figure 2), in sensitivity analyses related to
matching and characterizing warfarin exposure (Ap-
pendix Table 6), or in patients aged younger than 75
years (Appendix Tables 7 to 9). However, rates of gas-
trointestinal bleeding were higher with dabigatran than
warfarin in patients aged 75 to 84 years (HR, 1.47 [CI,
1.01 to 2.14]), those aged 85 years or older (HR, 1.84
[CI, 1.05 to 3.20]), and those classified as having re-
duced kidney function (HR, 1.91 [CI, 1.04 to 3.51]) (Ap-
pendix Tables 7 and 14).

Acute Myocardial Infarction
In the primary analysis, the rate of acute myocardial

infarction in patients receiving dabigatran was 0.77
events per 100 person-years, compared with 0.43
events per 100 person-years in matched patients re-
ceiving warfarin (Table 2 and Figure 1), with an HR of
1.88 (CI, 1.22 to 2.90) (Figure 2). However, in sensitivity
analyses using a conditional analytic approach (HR,
1.41 [CI, 0.82 to 2.43]) or a variable-ratio–matching
method (HR, 1.13 [CI, 0.78 to 1.64]), the association of
dabigatran use with myocardial infarction was smaller
and not statistically significant compared with warfarin
use. In additional sensitivity analyses using different
methods for classifying drug exposure, the association
between dabigatran use and myocardial infarction was
attenuated (using a 14-day grace period: HR, 1.43 [CI,
0.99 to 2.08]; using an expanded warfarin exposure al-
gorithm: HR, 1.38 [CI, 1.00 to 1.92]) and of borderline
statistical significance (Appendix Table 6). Finally, in
subgroup analyses, we saw a significant association in
men (HR, 2.09 [CI, 1.17 to 3.64]) but not women. We
saw notably stronger associations in patients aged 75
to 84 years (HR, 4.09 [CI, 1.39 to 12.03]) and those
aged 85 years or older (HR, 5.25 [CI, 1.17 to 23.60]),
but CIs were very wide (Appendix Tables 7 to 13).

DISCUSSION
In a large cohort of carefully matched patients start-

ing dabigatran or warfarin therapy for atrial fibrillation,
we found that dabigatran use was associated with a
lower rate of intracranial hemorrhage, similar rates of
ischemic stroke and extracranial hemorrhage, and a
potentially higher rate of myocardial infarction. Results
of sensitivity analyses using different analytic ap-
proaches and drug exposure definitions were similar
for ischemic stroke and bleeding outcomes. However,
the association between dabigatran use and myocar-
dial infarction was smaller and not statistically signifi-
cant in sensitivity analyses, including those using a con-
ditional modeling approach, variable-ratio matching, or
a 14-day grace period between serial prescriptions to

Table 2. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial Infarction:
Propensity Score–Matched Patients With Atrial Fibrillation Receiving Dabigatran or Warfarin

Outcome Dabigatran (n � 25 289) Warfarin (n � 25 289) Incidence Rate Difference
per 100 Person-Years
(95% CI)Patients With

Events, n
Incidence Rate
per 100 Person-Years

Patients With
Events, n

Incidence Rate
per 100 Person-Years

Ischemic stroke 68 0.80 67 0.94 −0.15 (−0.44 to 0.15)

Intracranial hemorrhage 33 0.39 55 0.77 −0.39 (−0.63 to −0.15)
Excluding trauma 18 0.21 38 0.54 −0.32 (−0.52 to −0.13)

Combined stroke 100 1.18 119 1.68 −0.51 (−0.88 to 0.13)
Excluding trauma 85 1.00 102 1.44 −0.44 (−0.79 to −0.09)

Major extracranial bleeding 181 2.12 186 2.63 −0.50 (−0.99 to −0.01)
Gastrointestinal 165 1.93 145 2.05 −0.11 (−0.55 to 0.33)
Nongastrointestinal 16 0.19 41 0.58 −0.39 (−0.59 to −0.19)

Myocardial infarction 66 0.77 30 0.43 0.35 (0.11 to 0.59)
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define continuous drug exposure. In subgroup analy-
ses, gastrointestinal bleeding was higher with dabiga-
tran than warfarin in older patients and in those classi-
fied as having reduced kidney function. A higher rate of
myocardial infarction with dabigatran was also seen in
men and those aged 75 years or older.

In RE-LY, 150 mg or 110 mg of dabigatran twice
daily was tested versus adjusted-dose warfarin in
18 113 adults with atrial fibrillation (7). Both dabigatran
doses resulted in lower intracranial hemorrhage rates;
in older participants, the 150-mg dose resulted in fewer
ischemic strokes and systemic emboli but more gastro-
intestinal bleeding (38). Myocardial infarction rates
were higher with 150 mg of dabigatran (relative risk,

1.38 [CI, 1.00 to 1.91]; P = 0.048) than with warfarin.
However, inclusion of additional myocardial infarction
events identified after the RE-LY trial database was
locked resulted in a slightly lower estimate that was no
longer statistically significant for the group receiving
dabigatran, 150 mg (relative risk, 1.27 [CI, 0.94 to 1.71];
P = 0.120) (8). Results with combined dabigatran doses
were similar to those with the 150-mg dose for myocar-
dial infarctions (HR, 1.28 [CI, 0.98 to 1.67]; P = 0.070)
(39).

Relatively few studies have rigorously evaluated
outcomes associated with dabigatran versus warfarin in
populations more generalizable to clinical practice, and
our analysis materially expands on previous studies.

Figure 1. Cumulative incidence curves for clinical outcomes in matched cohorts of patients with atrial fibrillation newly
receiving dabigatran and warfarin.
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The higher gastrointestinal bleeding rates we saw in
patients aged 75 years or older (38) are consistent with
results from RE-LY and a propensity score–matched co-
hort of patients with atrial fibrillation insured privately
and through Medicare Advantage (16). However, in a
retrospective Canadian cohort study (26) of matched
patients receiving dabigatran and warfarin, bleeding
rates with dabigatran, 150 mg, were lower in men (HR,
0.73 [CI, 0.64 to 0.84]) and borderline lower in women
(HR, 0.85 [CI, 0.71 to 1.01]) (25). Rates of myocardial
infarction with dabigatran in this Canadian cohort were
higher but not significant in men (HR, 1.27 [CI, 0.94 to
1.71]) and not significantly different in women (25).
Notably, many observational studies either did not
have a “new user” design with rigorous individual-level
matching or accounted for only a limited number of
confounders.

In 67 207 propensity score–matched pairs of Medi-
care beneficiaries with atrial fibrillation, patients start-
ing dabigatran therapy (24) had lower adjusted rates of
ischemic stroke (HR, 0.80 [CI, 0.67 to 0.96]) and intra-
cranial hemorrhage (HR, 0.34 [CI, 0.26 to 0.46]) than
those starting warfarin therapy. However, patients re-
ceiving dabigatran had excess major gastrointestinal
bleeding—particularly women aged 75 years or older
and men aged 85 years or older—but had no difference
in myocardial infarction (HR, 0.92 [CI, 0.78 to 1.08])
(24). This study used a similar design to ours and saw
more events, but it included only persons aged 65
years or older and used different analytic approaches,
including stratification by dabigatran dose (24).

Finally, outside of our study, separate analyses of
dabigatran versus warfarin were done using Sentinel
data for the same periods. These analyses imple-
mented Sentinel's new modular programs, which used
propensity score matching based on covariates similar

to those in our study. Results were similar for all out-
comes except myocardial infarction, where a nonsignif-
icant higher rate was seen with dabigatran (HR, 1.24
[CI, 0.85 to 1.83]). This finding is similar to results of
sensitivity analyses in our study.

Strengths of our study include the large sample of
highly matched patients newly receiving dabigatran or
warfarin, which minimizes certain types of biases (28).
Our analysis of data from the unique Sentinel network
involved a broad spectrum of patients and practice
settings that complement previous analyses in fee-for-
service Medicare patients (24). Using extensive match-
ing methods, we accounted for many potential con-
founders of the associations between anticoagulant
choice and outcomes. We also did several sensitivity
and subgroup analyses that produced results largely
consistent with those of the main analyses, except for
the outcomes of myocardial infarction and gastrointes-
tinal bleeding.

Our study had several limitations. Information on
outpatient international normalized ratios was not avail-
able for most warfarin-treated patients, which affected
our ability to characterize longitudinal exposure more
accurately and to characterize quality of anticoagula-
tion. We also could not examine outcomes by dabiga-
tran dose because we could not achieve acceptable
covariate balance between matched users by dabiga-
tran dose. We studied commercially insured patients,
so our results may not be generalizable to uninsured
patients or to all practice settings. As in previous stud-
ies (24), the duration of continuous exposure to dabiga-
tran or warfarin was relatively short, which limited pre-
cision for some outcomes, and we could not measure
drug adherence directly. Outpatient serum creatinine
data were not uniformly available, which precluded re-
liable estimates for outcomes by level of kidney func-

Figure 2. Adjusted HRs for thromboembolism, intracranial hemorrhage, extracranial hemorrhage, and acute myocardial
infarction among propensity score–matched patients with atrial fibrillation receiving dabigatran and warfarin.
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tion. Patients receiving long-term dialysis, who may be
at higher risk for adverse outcomes with the newer an-
ticoagulants, were excluded (40). Death could not be
systematically ascertained, and events that may have
occurred in nursing homes or skilled-nursing facilities
were not available. We also could not address out-
comes that occurred after withdrawal of dabigatran or
warfarin. Conditions may have been misclassified on
the basis of diagnostic or procedure codes, although
this probably would not differ between treatment
groups. Finally, despite highly matched cohorts across
a wide range of characteristics, we cannot rule out re-
sidual confounding.

In conclusion, among insured adults with atrial fi-
brillation treated in usual care settings, compared with
warfarin dabigatran was independently associated with
a lower rate of intracranial hemorrhage, no significant
differences in the rates of hospitalized ischemic stroke
or extracranial hemorrhage, and possibly an increased
risk for myocardial infarction. Gastrointestinal bleeding
and myocardial infarction were notably higher in pa-
tients aged 75 years or older, and gastrointestinal
bleeding risk was higher in those with diagnosed kid-
ney dysfunction. Collectively, these results provide re-
assurance about overall bleeding risks—particularly in-
tracranial hemorrhage—associated with dabigatran use
and give insights to potentially assist in decision mak-
ing about stroke prevention strategies for certain pa-
tients with atrial fibrillation. However, given the variabil-
ity of findings for the outcome of myocardial infarction
based on the analytic approach we used and results
from other studies, the association between dabigatran
and myocardial infarction remains uncertain.
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APPENDIX: ADDITIONAL DETAILS ABOUT THE

PROPENSITY SCORE–MATCHING PROCESS

Propensity score estimation and 1:1 matching of
patients newly receiving dabigatran and warfarin were
done separately within each data partner. To test our
process, we examined the distribution of propensity
scores between treatment groups within each data
partner, and that assessment did not reveal any con-
cerns. We also inspected data partner–specific covari-
ate distributions after matching, which showed good
balance within each data partner (data not shown).

For our exploratory subgroup analyses, we used
the data partner–specific propensity scores to rematch
patients rather than fitting separate propensity score
models within each subgroup, which would be limited
by the small numbers of patients in some subgroups
and data partners. In some cases, the rematching re-
sulted in fewer patients being included in the subgroup
analyses than in the overall analysis. For example,
20 068 patients in each treatment group were included
across the age subgroup analyses, compared with
25 289 in the overall analysis. In other cases, rematch-
ing resulted in more patients in a particular subgroup
analysis—for example, the female subgroup analysis in-
cluded 9143 matched pairs, whereas 9128 and 9033
women were in the dabigatran and warfarin groups,
respectively, in the overall analysis. We inspected data
partner–specific covariate distributions after rematch-
ing within each a priori–planned subgroup to evaluate
for potential covariate imbalances. Because few pa-
tients started the 75-mg dose of dabigatran, we did not
see acceptable balance in baseline characteristics in
this subgroup with corresponding matched patients re-
ceiving warfarin. For example, even after individual
propensity score matching, the mean ages of patients
in the dabigatran and warfarin groups differed by 5
years (79 vs. 74 years, respectively) and other important
confounders differed between groups. For any sub-
groups in which we did not achieve adequate covariate
balance between matched patients, we did not present
results.
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Appendix Table 1. International Classification of Diseases, Ninth Revision, Clinical Modification, Codes Used for Defining
Clinical Outcomes

Outcome Codes

Ischemic stroke 433.x1, 434.x1, 436.xx
Intracranial hemorrhage 430, 431, 432.0, 432.1, 432.9, 852.0x, 852.2x, 852.4x, 853.0

Traumatic 852.0x, 852.2x, 852.4x, 853.0
Major extracranial bleeding 423.0, 455.2, 455.5, 455.8, 456.0, 456.20, 459.0, 530.7, 530.82, 531.0-531.6, 532.0-532.6,

533.0-533.6, 534.0-534.6, 535.01-535.61, 537.83, 562.02, 562.03, 562.12, 562.13,
568.81, 569.3, 569.85, 578.0, 578.1, 578.9, 599.7, 719.11, 784.7, 784.8, and 786.3

Gastrointestinal bleeding 455.2, 455.5, 455.8, 456.0, 456.20, 530.7, 530.82, 531.0-531.6, 532.0-532.6, 533.0-533.6,
534.0-534.6, 535.01-535.61, 537.83, 562.02, 562.03, 562.12, 562.13, 568.81, 569.3,
569.85, 578.0, 578.1, and 578.9

Acute myocardial infarction 410.x0 or 410.x1

Appendix Table 2. Variables Included in Covariate Categories

Category Included Covariates

Risk factors for bleeding Prior hospitalized bleeding, other gastrointestinal ulcer disorder, and diagnosed coagulation defects
Risk factors for thromboembolism

or myocardial infarction
Age, sex, prior ischemic stroke, transient ischemic attack, other ischemic cerebrovascular events, acute coronary

syndrome, percutaneous coronary intervention, coronary artery bypass surgery, other arterial embolism,
venous thromboembolism or phlebitis, venous thromboembolism risk indicators, central venous thrombosis,
major trauma potentially causing prolonged immobilization, major surgery, chronic heart failure, peripheral
arterial disease, hypertension, hyperlipidemia, diabetes mellitus, advanced kidney dysfunction, advanced liver
disease, metastatic cancer, alcoholism, smoking, and anemia

Proxy measures of health status
and frailty

Number of distinct dispensed medications, number of prior hospitalizations, number of prior physician visits,
combined comorbidity score (43), use of home oxygen, wheelchair use, walker use, cane use, commode chair
use, prior osteoporotic fracture, and prior mechanical fall

Prescribed medications Clopidogrel, prasugrel, ticagrelor, ticlopidine, nonsteroidal anti-inflammatory drugs, statins, nonstatin
lipid-lowering agents, angiotensin-converting enzyme inhibitors, angiotensin II–receptor blocker, aldosterone
receptor antagonists, �-blockers, calcium-channel blockers, prescription H2-blocker or proton-pump
inhibitors, prescription aspirin, antidiabetic drugs, antiarrhythmic drugs, diuretics, other antihypertensives,
antiangina vasodilators, estrogens, progestins, selective serotonin receptor inhibitors, selective serotonin
reuptake inhibitors and serotonin-norepinephrine reuptake inhibitors, heparin, and low-molecular-weight
heparins
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Appendix Figure. Study flow diagram.

All patients
receiving

dabigatran
(n = 128 363)

Excluded (n = 72 723)
   Aged <21 y or unknown
      sex: 9363
   <365 d of continuous
      enrollment before index
      date: 63 360

Total
(n = 55 640)

Eligible patients
with nonvalvular
atrial fibrillation

starting dabigatran
therapy

(n = 26 390)

Eligible patients
with nonvalvular
atrial fibrillation
starting warfarin

therapy
(n = 83 084)

Total
(n = 296 929)

All patients
receiving
warfarin

(n = 843 112)

Excluded (n = 29 060)
   No atrial fibrillation
      diagnosis: 6018
   Prior exposure to dabigatran,
      warfarin, rivaroxaban, or 
      apixaban: 21 629
   Known mechanical heart
      valve or mitral stenosis: 
      452
   Prior kidney transplant: 128
   Located in skilled-nursing
      facility or nursing home
      at index date: 833

Excluded (n = 546 183)
   Aged <21 y or unknown
      sex: 55 781
   <365 d of continuous
      enrollment before index
      date: 490 402

Excluded (n = 213 638)
   No atrial fibrillation
      diagnosis: 191 112
   Prior exposure to dabigatran,
      warfarin, rivaroxaban, or 
      apixaban: 6206
   Known mechanical heart
      valve or mitral stenosis:
      5918
   Prior kidney transplant: 2572
   Located in skilled-nursing
      facility or nursing home
      at index date: 7830
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Appendix Table 3. Baseline Characteristics of Unmatched Cohort

Characteristic Dabigatran
(n � 26 390)

Warfarin
(n � 83 084)

Standardized
Difference

Demographic characteristics
Mean age (SD), y 67.9 (11.1) 72.4 (10.8) 0.42
Female, n (%) 9271 (35.1) 35 086 (42.2) 0.15

Health service use
Mean combined comorbidity score (SD) 2.4 (2.2) 3.5 (2.8) 0.42
Mean prior hospitalizations (SD), n 0.7 (0.8) 0.9 (1.1) 0.28
Mean physician visits (SD), n 10.2 (7.2) 11.0 (8.3) 0.10
Mean unique National Drug Code numbers (SD), n 13.9 (8.2) 15.4 (8.9) 0.18

Medical history, n (%)
Advanced kidney dysfunction 2935 (11.1) 18 332 (22.1) 0.30
Advanced liver disease 71 (0.3) 335 (0.4) 0.02
Alcoholism 162 (0.6) 684 (0.8) 0.02
Anemia 1514 (5.7) 7249 (8.7) 0.12
Atrial fibrillation 25 644 (97.2) 80 675 (97.1) 0.00
Atrial flutter 5741 (21.8) 15 282 (18.4) 0.08
Chronic heart failure 9932 (37.6) 38 842 (46.8) 0.19
Coagulation defects 376 (1.4) 3075 (3.7) 0.14
Diabetes mellitus 7770 (29.4) 29 386 (35.4) 0.13
Hospitalized gastrointestinal bleeding 274 (1.0) 2248 (2.7) 0.12
Hospitalized intracranial bleeding 98 (0.3) 664 (0.8) 0.06
Hyperlipidemia 10 417 (39.5) 28 459 (34.3) 0.11
Hypertension 21 374 (81.0) 71 045 (85.5) 0.12
Ischemic stroke 2069 (7.8) 9807 (11.8) 0.13
Metastatic cancer 311 (1.2) 2157 (2.6) 0.10
Myocardial infarction 1242 (4.7) 6556 (7.9) 0.13
Nonspecific cerebrovascular symptoms 419 (1.6) 2283 (2.7) 0.08
Other arterial embolism 217 (0.8) 1710 (2.1) 0.10
Other gastrointestinal ulcer disease 280 (1.1) 1467 (1.8) 0.06
Other hospitalized bleeding 251 (1.0) 1894 (2.3) 0.11
Other ischemic cerebrovascular disease 4532 (17.2) 18 199 (21.9) 0.12
Other ischemic heart disease 1280 (4.9) 5357 (6.4) 0.07
Peripheral vascular disease 4443 (16.8) 20 637 (24.8) 0.20
Smoking and tobacco use 3982 (15.1) 15 862 (19.1) 0.11
Trauma with likely immobilization 1303 (4.9) 6043 (7.3) 0.10

Recent procedures, n (%)
Coronary artery bypass surgery 1821 (7.0) 8572 (10.3) 0.12
Other major surgery 1257 (4.8) 7967 (9.6) 0.19
Percutaneous coronary intervention 2948 (11.2) 11 644 (14.0) 0.09

Frailty indicators, n (%)
Cane use 94 (0.4) 533 (0.6) 0.04
Commode chair use 277 (1.0) 1714 (2.1) 0.08
Home oxygen use 1235 (4.7) 5888 (7.1) 0.10
Osteoporotic fracture 556 (2.1) 3560 (4.3) 0.12
Recent fall 831 (3.1) 4940 (5.9) 0.13
Walker use 664 (2.5) 4126 (5.0) 0.13
Wheelchair use 259 (1.0) 1574 (1.9) 0.08

Medication use, n (%)
Angiotensin-converting enzyme inhibitors 10 157 (38.4) 35 468 (42.7) 0.09
Angiotensin-receptor blockers 5559 (21.1) 15 704 (18.9) 0.05
Antiangina vasodilators 2374 (9.0) 10 749 (12.9) 0.13
Antiarrhythmics 9221 (34.9) 26 488 (31.9) 0.06
Antiplatelets 3472 (13.2) 11 452 (13.8) 0.02
Aspirin 239 (1.0) 2012 (2.4) 0.12
�-blockers 18 910 (71.7) 59 719 (71.9) 0.00
Calcium channel blockers 10 790 (40.9) 33 933 (40.8) 0.00
Diabetes drugs 5357 (20.3) 20 046 (24.1) 0.09
Diuretics 11 975 (45.4) 44 998 (54.2) 0.18
Estrogens 930 (3.5) 2631 (3.2) 0.02
Heparin and low-molecular-weight heparins 372 (1.4) 9999 (12.0) 0.43
Nonsteroidal anti-inflammatory drugs 5667 (21.5) 16 386 (19.7) 0.04
Nonstatin lipid-lowering drugs 3429 (13.0) 8929 (10.7) 0.07
Other antihypertensives 2267 (8.6) 9941 (12.0) 0.11
Proton-pump inhibitors 6591 (25.0) 25 797 (31.0) 0.14
Progestins 328 (1.2) 1235 (1.5) 0.02
Selective serotonin reuptake inhibitors and selective

norepinephrine reuptake inhibitors
3854 (14.6) 13 544 (16.3) 0.05

Statins 13 902 (52.7) 46 871 (56.4) 0.08
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Appendix Table 4. Number of Patients and Associated Data Extraction Period From Each Participating Data Partner

Data Partner Start Date End Date Years, n Matched
Pairs, n

Incident
Dabigatran
Users, n

Incident
Warfarin
Users, n

1 11/1/2010 8/30/2013 2.83 5127 5651 9931
2 11/1/2010 12/31/2013 3.17 6193 6363 20 440
3 11/1/2010 9/30/2013 2.92 529 529 10 363
4 11/1/2010 10/31/2013 3.00 5421 5785 12 178
5 11/1/2010 3/31/2014 3.42 6948 6962 23 892
6 11/1/2010 12/30/2013 3.17 314 314 3238
7 11/1/2010 5/31/2014 3.58 368 393 1111
8 11/1/2010 12/31/2012 2.17 389 393 1931

Appendix Table 5. Distribution of Reasons for Censoring, by Treatment Group*

Reason for Censoring Incident Dabigatran
Users (n � 25 289)

Incident Warfarin
Users (n � 25 289)

Clinical outcome 68 (0.3) 67 (0.3)
Discontinuation of index anticoagulant medication 18 537 (73.3) 17 911 (70.8)
Initiation of another anticoagulant 1584 (6.3) 1014 (4.0)
Death and administrative censoring (disenrollment, end of data,

admission to nursing home or skilled-nursing facility)
5100 (20.2) 6297 (24.9)

* Values are numbers (percentages).

Appendix Table 6. Association of Dabigatran Versus Warfarin Exposure With Outcomes in Sensitivity Analyses

Outcome Hazard Ratio (95% CI)

Variable-Ratio
Matched*

14-Day Grace Period
for Classifying
Continuous Drug Use
(n � 25 289 pairs)

Warfarin Use Based
on Prescriptions and
International Normalized
Ratio Testing
(n � 25 289 pairs)†

Ischemic stroke 0.94 (0.67–1.31) 0.87 (0.64–1.17) 0.83 (0.62–1.12)

Intracranial hemorrhage 0.52 (0.33–0.82) 0.55 (0.38–0.80) 0.53 (0.36–0.78)
Excluding trauma 0.42 (0.24–0.73) 0.49 (0.30–0.79) 0.41 (0.24–0.68)

Combined stroke 0.78 (0.59–1.02) 0.74 (0.58–0.93) 0.71 (0.56–0.90)
Excluding trauma 0.78 (0.58–1.04) 0.75 (0.58–0.97) 0.80 (0.67–0.95)

Major extracranial bleeding 0.91 (0.74–1.10) 0.87 (0.72–1.06) 0.86 (0.72–1.04)
Gastrointestinal 1.04 (0.84–1.28) 1.06 (0.86–1.31) 1.03 (0.84–1.26)
Nongastrointestinal 0.28 (0.16–0.46) 0.32 (0.19–0.54) 0.31 (0.18–0.53)

Myocardial infarction 1.13 (0.78–1.64) 1.43 (0.99–2.08) 1.38 (1.00–1.92)

* Dabigatran, n = 25 289. Warfarin, n = 83 084.
† Reference 5.
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Appendix Table 7. Association of Dabigatran Versus Warfarin Use and Outcomes in Subgroup Analyses

Outcome Hazard Ratio (95% CI)

Age Group Sex Reduced Kidney
Function
(n � 1815 pairs)

<65 y
(n � 9438 pairs)

65-74 y
(n � 7334 pairs)

75-84 y
(n � 1287 pairs)

>85 y
(n � 2009 pairs)

Male
(n � 16 113 pairs)

Female
(n � 9143 pairs)

Ischemic stroke 1.09 (0.55–2.17) 1.10 (0.53–2.30) 0.87 (0.49–01.55) 1.00 (0.41–2.41) 0.86 (0.52–1.40) 1.00 (0.62–1.62) 0.27 (0.06–1.29)

Intracranial hemorrhage 0.39 (0.14–1.11) 0.30 (0.12–0.74) 0.68 (0.34–1.34) 0.67 (0.24–1.83) 0.54 (0.32–0.94) 0.49 (0.24–0.99) 0.72 (0.20–2.54)
Excluding trauma 0.53 (0.18–1.59) 0.19 (0.05–0.65) 0.58 (0.21–1.64) 0.65 (0.17–2.56) 0.51 (0.25–1.02) 0.32 (0.13–0.83) –

Combined stroke 0.77 (0.44–1.37) 0.64 (0.37–1.12) 0.81 (0.52–1.26) 0.84 (0.43–1.62) 0.71 (0.49–1.03) 0.83 (0.56–1.23) 0.47 (0.18–1.21)
Excluding trauma 0.88 (0.49–1.58) 0.64 (0.35–1.15) 0.82 (0.50–1.37) 0.88 (0.42–1.84) 0.74 (0.49–1.11) 0.81 (0.53–1.23) 0.20 (0.05–0.91)

Major extracranial bleeding 0.51 (0.30–0.87) 0.69 (0.46–1.04) 1.20 (0.86–1.68) 1.60 (0.96–2.69) 1.01 (0.76–1.34) 0.73 (0.54–0.99) 1.59 (0.93–2.72)
Gastrointestinal 0.59 (0.32–1.07) 0.81 (0.52–1.24) 1.47 (1.01–2.14) 1.84 (1.05–3.20) 1.26 (0.92–1.73) 0.78 (0.57–1.07) 1.91 (1.04–3.51)
Nongastrointestinal 0.11 (0.03–0.36) 0.12 (0.03–0.50) 0.29 (0.14–0.61) 0.33 (0.07–1.63) 0.20 (0.10–0.39) 0.22 (0.08–0.58) 0.52 (0.17–1.56)

Myocardial infarction 2.13 (0.98–4.66) 0.97 (0.06–15.56) 4.09 (1.39–12.03) 5.25 (1.17–23.60) 2.06 (1.17–3.64) 1.69 (0.84–3.38) 2.18 (0.20–24.18)

Appendix Table 8. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial
Infarction: Patients Younger Than 65 Years With Atrial Fibrillation Receiving Dabigatran or Warfarin

Outcome Dabigatran (n � 9438) Warfarin (n � 9438) Hazard Ratio
(95% CI)

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Ischemic stroke 18 0.62 15 0.62 1.09 (0.55–2.17)

Intracranial hemorrhage 5 0.17 12 0.50 0.39 (0.14–1.11)
Excluding trauma 5 0.17 9 0.37 0.53 (0.18–1.59)

Combined stroke 22 0.76 26 1.08 0.77 (0.44–1.37)
Excluding trauma 22 0.76 23 0.95 0.88 (0.49–1.58)

Major extracranial bleeding 21 0.72 37 1.54 0.51 (0.30–0.87)
Gastrointestinal 18 0.62 27 1.12 0.59 (0.32–1.07)
Nongastrointestinal 1 0.04 9 0.37 0.11 (0.03–0.36)

Myocardial infarction 22 0.76 9 0.38 2.13 (0.98–4.66)

Appendix Table 9. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial
Infarction: Patients Aged 65–74 Years With Atrial Fibrillation Receiving Dabigatran or Warfarin

Outcome Dabigatran (n � 7334) Warfarin (n � 7334) Hazard Ratio
(95% CI)

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Ischemic stroke 16 0.62 13 0.59 1.10 (0.53–2.30)

Intracranial hemorrhage 6 0.23 19 0.87 0.30 (0.12–0.74)
Excluding trauma 3 0.12 5 0.23 0.19 (0.05–0.65)

Combined stroke 22 0.86 31 1.42 0.64 (0.37–1.12)
Excluding trauma 19 0.74 27 1.24 0.64 (0.35–1.15)

Major extracranial bleeding 41 1.60 54 2.48 0.69 (0.46–1.04)
Gastrointestinal 39 1.52 44 2.02 0.81 (0.52–1.24)
Nongastrointestinal 1 0.04 10 0.46 0.12 (0.03–0.50)

Myocardial infarction 11 0.43 19 0.88 0.54 (0.26–1.13)
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Appendix Table 10. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial
Infarction: Patients Aged 75–84 Years With Atrial Fibrillation Receiving Dabigatran or Warfarin

Outcome Dabigatran (n � 6411) Warfarin (n � 6411) Hazard Ratio
(95% CI)

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Ischemic stroke 23 0.98 24 1.25 0.87 (0.49–01.55)

Intracranial hemorrhage 15 0.64 19 0.99 0.68 (0.34–1.34)
Excluding trauma 6 0.26 9 0.47 0.58 (0.21–1.64)

Combined stroke 38 1.63 42 2.20 0.81 (0.52–1.26)
Excluding trauma 29 1.24 32 1.67 0.82 (0.50–1.37)

Major extracranial bleeding 80 3.44 61 3.20 1.20 (0.86–1.68)
Gastrointestinal 71 3.06 44 2.32 1.47 (1.01–2.14)
Nongastrointestinal 6 0.26 16 0.84 0.29 (0.14–0.61)

Myocardial infarction 20 0.86 4 0.21 4.09 (1.39–12.03)

Appendix Table 11. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial
Infarction: Patients Aged 85 Years and Older With Atrial Fibrillation Receiving Dabigatran or Warfarin

Outcome Dabigatran (n � 2009) Warfarin (n � 2009) Hazard Ratio
(95% CI)

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Ischemic stroke 10 0.47 10 0.55 1.00 (0.41–2.41)

Intracranial hemorrhage 7 0.33 9 0.50 0.67 (0.24–1.83)
Excluding trauma 4 0.19 5 0.28 0.65 (0.17–2.56)

Combined stroke 17 0.81 19 1.05 0.84 (0.43–1.62)
Excluding trauma 14 0.67 15 0.83 0.88 (0.42–1.84)

Major extracranial bleeding 39 1.87 23 1.28 1.60 (0.96–2.69)
Gastrointestinal 37 1.78 19 1.06 1.84 (1.05–3.20)
Nongastrointestinal 1 0.05 2 0.11 0.33 (0.07–1.63)

Myocardial infarction 13 0.63 2 0.11 5.25 (1.17–23.60)

Appendix Table 12. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial
Infarction: Adult Men With Atrial Fibrillation Receiving Dabigatran or Warfarin

Outcome Dabigatran (n � 16 113) Warfarin (n � 16 113) Hazard Ratio
(95% CI)

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Ischemic stroke 31 0.58 33 0.73 0.86 (0.52–1.40)

Intracranial hemorrhage 21 0.39 35 0.73 0.54 (0.32–0.94)
Excluding trauma 12 0.23 22 0.49 0.51 (0.25–1.02)

Combined stroke 51 0.96 65 1.44 0.71 (0.49–1.03)
Excluding trauma 42 0.79 52 1.15 0.74 (0.49–1.11)

Major extracranial bleeding 101 1.90 94 2.09 1.01 (0.76–1.34)
Gastrointestinal 90 1.70 67 1.49 1.26 (0.92–1.73)
Nongastrointestinal 8 0.15 26 0.58 0.20 (0.10–0.39)

Myocardial infarction 42 0.79 17 0.38 2.06 (1.17–3.64)
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Appendix Table 13. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial
Infarction: Adult Women With Atrial Fibrillation Receiving Dabigatran or Warfarin

Outcome Type Dabigatran (n � 9143) Warfarin (n � 9143) Hazard Ratio
(95% CI)

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Ischemic stroke 36 1.13 32 1.26 1.00 (0.62–1.62)

Intracranial hemorrhage 12 0.38 21 0.83 0.49 (0.24–0.99)
Excluding trauma 6 0.19 16 0.63 0.32 (0.13–0.83)

Combined stroke 48 1.51 51 2.01 0.83 (0.56–1.23)
Excluding trauma 42 1.33 46 1.81 0.81 (0.53–1.23)

Major extracranial bleeding 80 2.53 96 3.79 0.73 (0.54–0.99)
Gastrointestinal 75 2.38 84 3.32 0.78 (0.57–1.07)
Nongastrointestinal 1 0.03 10 0.40 0.22 (0.08–0.58)

Myocardial infarction 24 0.76 12 0.48 1.69 (0.84–3.38)

Appendix Table 14. Frequency and Rates of Thromboembolism, Intra- and Extracranial Hemorrhage, and Acute Myocardial
Infarction: Patients With Atrial Fibrillation and Reduced Kidney Function Receiving Dabigatran or Warfarin

Outcome Type Dabigatran (n � 1815) Warfarin (n � 1815) Hazard Ratio
(95% CI)

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Patients
With Events, n

Incidence
Rate per 100
Person-Years

Ischemic stroke 2 0.37 8 1.55 0.27 (0.06–1.29)

Intracranial hemorrhage 4 0.73 6 1.7 0.72 (0.20–2.54)
Excluding trauma 0 0.00 3 0.58 –

Combined stroke 6 1.10 14 2.72 0.47 (0.18–1.21)
Excluding trauma 2 0.37 11 2.14 0.20 (0.05–0.91)

Major extracranial bleeding 35 6.50 22 4.32 1.59 (0.93–2.72)
Gastrointestinal 30 5.58 16 3.15 1.91 (1.04–3.51)
Nongastrointestinal 2 0.37 5 0.98 0.52 (0.17–1.56)

Myocardial infarction 2 0.37 1 0.20 2.18 (0.20–24.18)
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The safety and scientific validity of this
study is the responsibility of the study
sponsor and investigators. Listing a
study does not mean it has been
evaluated by the U.S. Federal
Government. Know the risks and
potential benefits of clinical studies and
talk to your health care provider before
participating. Read our disclaimer for
details.
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Lithium for Suicidal Behavior in Mood Disorders (Li+)

Sponsor:
VA Office of Research and Development

Information provided by (Responsible Party):
VA Office of Research and Development

Study Description

Brief Summary:

Observational evidence and findings from clinical trials conducted for other reasons suggest that
lithium, a drug used for the treatment of bipolar disorder, and, to a lesser extent, depression, may
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reduce rates of suicides and suicide attempts. However, this hypothesis has not yet been adequately
examined in a randomized clinical trial conducted specifically to test lithium's efficacy in preventing
suicides. This clinical trial fills this gap.

This study is feasible within the Department of Veterans Affairs (VA) because it is a large, integrated
health system with existing programs for identifying patients at risk for suicide and delivering enhanced
services. In VA, approximately 12,000 patients with depression or bipolar disorder survive a suicide
attempt or related behavior each year, and 15% of them repeat within one year. Experimental treatment
in this study will supplement usual care for major depression or bipolar disorder, as well as VA's
standard, enhanced management for patients at high risk.

The investigators will recruit 1862 study participants, from approximately 30 VA Hospitals. Participants
will be patients with bipolar disorder or depression who have survived a recent episode of suicidal self-
directed violence or were hospitalized specifically to prevent suicide. Randomly, half will receive lithium,
and half will receive placebo. Neither the patients nor their doctors will know whether a particular person
has received lithium or placebo. The treatment will be administered and the patients will be followed for
one year, after which patients will go back to usual care. Recruitment will occur over 3 years.

The investigators are primarily interested in whether lithium leads to increases in the time to the first
repeated episode of suicidal behavior, including suicide attempts, interrupted attempts, hospitalizations
specifically to prevent suicide, and deaths from suicide. In addition, this study will allow us to explore
whether lithium decreases the total number of suicidal behaviors, and whether it has comparable
effects on impulsive and non-impulsive behaviors. If there is an effect of lithium, the investigators will be
interested in whether or not it could be attributed to improved control of the underlying mental health
condition, or, alternatively, whether it represents a direct effect of suicide-related behavior.

Condition or disease  Intervention/treatment  Phase 

Depressive Disorder

Bipolar Disorder

Suicide

Suicide, Attempted

Drug: Lithium

Drug: Placebo

Phase 2

Phase 3

   Hide Detailed Description 

Detailed Description:

Objective: To test the hypothesis that lithium augmentation of enhanced usual care will reduce the rate
of repeated episodes of suicidal self-directed violence (repeated suicide attempts, interrupted attempts,
hospitalizations specifically to prevent suicide, and deaths from suicide) in participants with bipolar
disorder or depression who have survived a recent event.

https://clinicaltrials.gov/ct2/show/study/NCT01928446?term=lithium&cond=suicide&rank=3#desc
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Background: The hypothesis that lithium can prevent suicide in patients with bipolar disorder and
depression is based on data from observational studies and randomized clinical trials conducted to
evaluate other outcomes. The question about the effectiveness of lithium for suicide prevention is one of
major scientific, clinical, and public health significance. There have been no adequately powered clinical
trials conducted specifically to evaluate suicide behaviors as an outcome. Two recent randomized
clinical trials failed to recruit adequate numbers of subjects to be conclusive.

The VHA, as a large national healthcare system with an established program for identifying new suicide
attempts, evaluating patients for underlying mental health and medical conditions, providing needed
services, connecting Veterans to state-of-the-art suicide risk management, and monitoring outcomes is
uniquely able to conduct a large scale clinical trial of lithium for suicide prevention.

The rationale for the study is based on the following:

Data from observational studies and double-blind randomized clinical trials suggest that lithium can
prevent suicide-related behaviors in patients with bipolar disorder and major depression.

The high risk of suicide in Veterans receiving health care services from VHA has persisted despite
extensive improvements in mental health services and in programs for suicide prevention.

Each month, there are over 1,100 unique VHA patients with bipolar disorder or depression who
attempt suicide and survive.

Surviving a suicide attempt is the most powerful known risk factor for death from suicide in VA and
elsewhere.

Approximately 15% of VA survivors reattempt or die from suicide within one year.

Evaluating rates of reattempts in those who have survived attempts is an established and effective
method for testing interventions that may prevent suicide.

Experimental treatment in CSP-590 would supplement usual care for major depression or bipolar
disorder.

Study procedures for the management of suicide risk would meet or exceed VA standards and
requirements.

Study procedures optimize the safety of lithium, including the potential risk of overdoses, and meet
or exceed all published practice standards. The trial will utilize multiple strategies to minimize risks
including frequent monitoring and assessment, determination of lithium levels during titration and at
steady state, and dispensing medications in limited quantities in blister packs.

The investigator's survey of VA psychiatrists indicates that the question is clinically important and
compelling and that a clinical trial that demonstrated the hypothesized effect would transform the
clinical management of suicidality.

Design: Randomized, double-blind, placebo-controlled clinical trial of lithium versus placebo
augmentation of enhanced usual care.

Patient population: VHA patients with bipolar disorder or depression who have survived a recent
episode of suicidal self-directed violence.
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Primary outcome: Time to the first repeated episode of suicidal self-directed violence, including suicide
attempts, interrupted attempts, hospitalizations specifically to prevent suicide, and deaths from suicide

Duration: Total study duration will be 4.5 years. Recruitment will occur over 3 years. Participants will be
followed for one year.

Sample size calculations and number of sites required: The design of the study is based on testing for a
37% reduction in the rate of repeated suicidal self-directed violence, a figure based on an effect size of
approximately 43% observed in recent studies and then allowing for attenuation due to non-adherence.
Adjusting for potential data loss due to attrition, 90% statistical power to detect a significant 37%
reduction in reattempt rates at 5% overall type I error would require 1862 subjects. With recruitment of
20% of eligible subjects over a three year period, this would require approximately 9310 potentially
eligible subjects. Based on current suicide surveillance data, this could be achieved with 29 sites.

Study Design

Study Type  : Interventional  (Clinical Trial)
Estimated Enrollment  : 1862 participants

Allocation: Randomized
Intervention Model: Parallel Assignment

Masking: Quadruple (Participant, Care Provider, Investigator, Outcomes
Assessor)

Primary Purpose: Prevention
Official Title: CSP #590 - Lithium for Suicidal Behavior in Mood Disorders

Actual Study Start Date  : July 8, 2015
Estimated Primary Completion Date  : May 31, 2019

Estimated Study Completion Date  : August 30, 2019

Resource links provided by the National Library of
Medicine

Genetics Home Reference related topics: Bipolar disorder

MedlinePlus related topics: Mood Disorders Suicide

Drug Information available for: Lithium carbonate
Lithium citrate

U.S. FDA Resources

Arms and Interventions

Go to  

Go to  

https://ghr.nlm.nih.gov/
https://ghr.nlm.nih.gov/condition/bipolar-disorder
https://medlineplus.gov/
https://medlineplus.gov/mooddisorders.html
https://medlineplus.gov/suicide.html
https://druginfo.nlm.nih.gov/drugportal
https://druginfo.nlm.nih.gov/drugportal/name/Lithium+carbonate
https://druginfo.nlm.nih.gov/drugportal/name/Lithium+citrate
https://clinicaltrials.gov/ct2/info/fdalinks
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Arm  Intervention/treatment 

Experimental: Lithium

Lithium in the form of extended release
lithium carbonate. Subjects will be started on
600 mg/day (300mg bid) until steady state at
target plasma levels between 0.6 and 0.8
meq/liter is achieved. The lowest dose will be
300 mg/day. Lithium will be prescribed for the
duration of follow-up (1 year).

Drug: Lithium

Lithium in the form of extended release
lithium carbonate. Subjects will be started on
600 mg/day (300mg bid) until steady state at
target plasma levels between 0.6 and 0.8
meq/liter is achieved. The lowest dose will be
300 mg/day. Lithium will be prescribed for the
duration of follow-up (1 year).

Placebo Comparator: Placebo

Placebo tablets will be given to the patients for
the duration of follow-up (1 year). Dose
adjustments will mimic the intervention arm of
the study

Drug: Placebo

Oral placebo tablets will be administered for
the duration of follow-up (1 year).

Outcome Measures

Primary Outcome Measures  :

1. Time to the first repeated episode of suicidal self-directed violence, including suicide attempts,
interrupted attempts and hospitalizations for prevention of attempts. [ Time Frame: Primary outcome
is assessed from randomization up to 12 months. ]

The primary hypothesis tested is that lithium augmentation of enhanced usual care is superior to
enhanced usual care plus placebo for the prevention of repeated episodes of suicidal self-directed
violence over time. The investigators posit a one-year repeat rate of 15% in the placebo group
and a 37% reduction of events in the intervention group.

Suicidal self-directed violence includes non-fatal suicide attempts, interrupted attempts (attempts
interrupted by patient or by others), hospitalization to prevent suicide and deaths from suicide.

Eligibility Criteria

Information from the National Library of Medicine

Go to  

Go to  
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Choosing to participate in a study is an important personal decision. Talk with
your doctor and family members or friends about deciding to join a study. To learn
more about this study, you or your doctor may contact the study research staff
using the contacts provided below. For general information, Learn About Clinical
Studies.

Ages Eligible for Study:  Child, Adult, Senior
Sexes Eligible for Study:  All

Accepts Healthy Volunteers:  No

Criteria

Inclusion Criteria:

Must be a Veteran of the United States Armed Forces

Survived an episode of suicidal self-directed violence (including suicide attempts and interrupted
attempts) that occurred within six months of admission to the study, or they were admitted within the
past six months to a mental health inpatient unit specifically to prevent suicide

Have a diagnosis of an affective disorder meeting DSM-IV-TR (2000) criteria for Bipolar I Disorder,
Bipolar II Disorder, or current or recurrent Major Depressive Disorder

Are able and willing to identify one or more family members, friends, or other contacts and give
permission for both clinical providers and the Research Team to contact them if the patient cannot
be reached

Are able to provide informed consent

There is concurrence from the patient's mental health provider about inclusion/exclusion criteria and
confirmation of the providers' willingness to work with the research team in managing the patient
during the course of the study. The provider responsible for the patient's general medical care has
been made aware of the participation

Must be registered at a VA Medical Center

Exclusion Criteria:

Schizophrenia or schizoaffective disorder

Cognitive impairment defined as a Brief Orientation Memory and Concentration Test score > 10

Lack of decision-making capacity to evaluate the risks versus the benefits of participation as
determined by Jeste's brief instrument for assessing decisional capacity, or adjudication of
incompetence and the appointment of a guardian or conservator

Six or more previous lifetime suicide attempts as ascertained through SPAN, reports from family, or
patient self-report

Current or recent (within six months) use of lithium

https://clinicaltrials.gov/ct2/about-studies/learn
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History of significant adverse effects of lithium as ascertained through the medical record or self-
report

Unstable medical conditions or specific medical comorbidity:

Congestive heart failure by Framingham criteria

QTc greater than or equal to 450 ms for men and greater than or equal to 460 ms for women

Chronic renal failure defined by national Kidney Foundation Disease Outcome Quality Initiative
(KDOQI) criteria

Any possibility of being pregnant or not on appropriate birth control

Lactation and breastfeeding

Concurrent medications:

All diuretics except amiloride

Haloperidol

Clozapine

Active substance abuse:

Active alcohol or opiate dependence requiring medically supervised withdrawal and stabilization

Active cocaine, methamphetamine, other stimulant, hallucinogen, or cannabis abuse requiring
stabilization

Enrollment in another randomized interventional clinical trial

Contacts and Locations

Information from the National Library of Medicine

To learn more about this study, you or your doctor may contact the study
research staff using the contact information provided by the sponsor.

Please refer to this study by its ClinicalTrials.gov identifier (NCT number):
NCT01928446

Contacts

Contact: Matthew H Liang, MD (857) 364-6116 Matthew.Liang@va.gov

Contact: Melynn Nuite, RN BS CCRC (617) 232-9500 Melynn.Nuite@va.gov

Go to  

mailto:Matthew.Liang%40va.gov?subject=NCT01928446,%20590,%20Lithium%20for%20Suicidal%20Behavior%20in%20Mood%20Disorders
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VA Office of Research and Development

Investigators

More Information

Responsible Party: VA Office of Research and Development
ClinicalTrials.gov Identifier: NCT01928446     History of Changes
Other Study ID Numbers: 590  
First Posted: August 26, 2013    Key Record Dates
Last Update Posted: February 15, 2018
Last Verified: February 2018

Individual Participant Data (IPD) Sharing Statement:
Plan to Share IPD: Yes

Plan Description: Individual Participant Data will be made available after study closure only to
research credentialed Veterans Affairs researchers who submit a valid study
question to their IRB of record. A Data Use Agreement will be in effect
between the researcher and the coordinating center

URL: http://

Studies a U.S. FDA-regulated Drug Product: Yes
Studies a U.S. FDA-regulated Device Product: No
Product Manufactured in and Exported from the U.S.: Yes

Keywords provided by VA Office of Research and Development:
Lithium 
Placebo 
Double-blind methods 
Clinical Trials, Randomized 
Veterans 

Additional relevant MeSH terms:

Study Chair: Ira R Katz, MD PhD Corporal Michael J. Crescenz VA Medical Center, Philadelphia, PA
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Office of Research & Development

A counselor in action at VA's Center of
Excellence for Suicide Prevention, which
houses the Veterans Crisis Line and other
services. The center will play a role in a VA
clinical trial of the drug lithium for suicide
prevention. (Photo by Robert Turtil)
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New studies

Can lithium help stem suicide rate? VA study aims to find out

September 17, 2014

As a drug, lithium has been around since the 1800s. Made from a whitish
mineral found in rocks, the drug is widely used today as a mood stabilizer,
especially for those with bipolar disorder.

Some studies suggest it may also be useful for preventing suicide. But the
theory needs further testing.

Enter VA's Cooperative Studies Program (CSP). The program is gearing up
to launch a major trial involving more than 1,800 Veterans from 28 VA
medical centers. The study will include only those with bipolar disorder or
depression who recently survived a suicide attempt, or were hospitalized to
prevent one.

Some 12,000 VA patients with bipolar disorder or depression survive a
suicide attempt every year. Experts say such patients remain at increased
risk of suicide for the rest of their lives.

The new study will enroll Veterans for three years and follow each patient one year. The study team will look at
outcomes such as repeat suicide attempts and hospitalizations to prevent suicide, as well as deaths from suicide.
Half the study volunteers in the randomized, double-blinded trial will get a form of the drug known as lithium
carbonate, in an extended-release tablet to minimize side effects. The other half will get a placebo.

All will get VA's standard mental health care, plus extra care coordination:
The study team will follow up with each patient throughout the study, and
give regular updates to other care providers.

VA Research Currents spoke with three members of the study team to learn
more about the research effort, which was announced by President Obama
at the American Legion national convention in August 2014.

Study chair Dr. Ira Katz, a psychiatrist based in Philadelphia, is a senior
consultant for VA's Office of Mental Health Operations.

Study director Dr. Matt Liang is a "trialist" at the Boston CSP Coordinating
Center who has led close to 30 clinical trials in his career, some with VA but
most through the National Institutes of Health and the Centers for Disease
Control and Prevention. He is also an internist with Brigham and Women's
Hospital and a professor at Harvard Medical School.

Study project manager Natalie Morgenstern is a health science specialist
for the Boston CSP Coordinating Center.
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employment front

Down on the farm
Why study lithium?

Katz: The observation that patients on lithium were less likely to die from
suicide has been around at least since the 1980s or early 1990s. It's been
seen mainly in studies in which lithium was being used to treat bipolar disorder or depression. There have also been
epidemiologic studies in different parts of the world that have found a correlation between lower suicide rates and
higher levels of lithium in the drinking water.

This has all helped lay the groundwork for our study. We're looking directly at whether pharmacologic doses of lithium
do indeed have an anti-suicide effect.

This has been a confusing and difficult issue from a research standpoint because lithium has a substantial number of
side effects, and it is dangerous in over-dosage. In fact, it can be fatal. So the question has always been this: When
we see that patients on lithium are less likely to commit suicide, is it because lithium really does have anti-suicide
effects, or is it because doctors don't dare give lithium to anyone who is at risk for suicide, for fear they might
intentionally overdose?

That sort of puzzle, in which it looks like lithium has anti-suicide effects, but it may be because the people who are
prescribed the drug are at less risk to begin with, is called an indication bias. That's been the major problem in
interpreting the observational studies.

To the extent researchers have been able to tease out the answer from database studies, they've argued that the
drug probably does have anti-suicide effects. But the gold standard to know about causality and to establish the
effectiveness of a treatment is a randomized clinical trial, and that's what we're doing.

What is the study team doing to ensure lithium is used safely?

Liang: Lithium has a narrow toxicity-efficacy ratio. That means there's a relatively small difference between the
effective therapeutic dose and the higher dose that would be toxic. So we've tried very hard to minimize the
possibility of harm. We're being extremely careful about who we include, and how we monitor the lithium levels and
potential side effects. We have two central consultants, Dr. Malcolm Rogers, a psychiatrist, and Dr. Chester Conrad,
a cardiologist, who will be available 24/7 to assist the sites. The protocol meets or exceeds any published guideline
on safe usage, and is probably over and above what is done in normal clinical practice, in VA or the general
psychiatry community.

Morgenstern: We're also using an extended-release form of the drug. The coating tends to make it more tolerable
and decrease the severity and frequency of side effects.

Do scientists understand how lithium might work in the brain to prevent suicide?

Katz: We have some insight on this from looking at what happens in clinical populations receiving lithium. Suicide
rates seem to be lower both in patients for whom lithium has worked well to treat the underlying psychiatric
symptoms, and in those for whom lithium has worked less well. And that's led to the notion that the drug may have
anti-suicide effects that are independent of its effect on depression or bipolar disease.

So while the primary goal of the study is to see if lithium prevents repeat suicide attempts, one of the secondary
goals is to determine, if we do have a lithium effect, whether it is due to better control of the symptoms of depression
or bipolar disorder. That's an important secondary analysis.

But we really don't know in-depth the cellular or molecular mechanisms of lithium for treatment of bipolar disorder or
depression, and we know even less about what could explain its possible anti-suicide effects. We suspect if this study
is positive, and we have definite evidence that a drug can prevent suicidal behavior, it will stimulate a good deal of
pharmacologic research trying to look for other medications that may have a comparable effect.

How is the study going to recruit participants?

Morgenstern: One source will be referrals from clinicians. There'll also be some targeted outreach, and limited
advertising in the form of flyers around the VA medical centers that are taking part. We chose those centers that had
higher numbers of patients with documented past suicide attempts. We determined that by using the SPAN database.
[SPAN is VA's Suicide Prevention and Application Network, coordinated out of the Center of Excellence for Suicide
Prevention at the VA in Canandaigua, New York.] We'll also have access to the screening logs that the sites use, and
then we can supplement them with people that they might be missing, so they can try and target those people as
well. SPAN will be an invaluable asset. We couldn't do the study without it.

All VA medical centers have suicide prevention coordinators. What role will they play?
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Liang: We're collaborating with the suicide prevention coordinators, but we're trying to do it in the most ethical
manner possible. They will let potential participants know about the study but won't explain it in any great detail, or
actually enroll them. We didn't want any care providers to be conflicted, or to potentially be coercive to people who
are potentially vulnerable after a suicide attempt.

If lithium proves effective for suicide prevention, will patients be able to stay on the drug long- term?

Katz: The study itself is one year. In terms of how lithium might be used if we demonstrate an effect, it's important to
note that many people with bipolar disorder have been on lithium for or 10, 20, 30 years and managing quite well. We
also know that people who have survived a suicide attempt can be at increased risk for suicide for the rest of their
life. On the other hand, there are concerns that long-term use of lithium may lead to decreased kidney function.

So the first question will be whether lithium is effective over the time period of the year. A downstream question will
be what the risks versus the benefits are of its use over the long term.

Will the patients in the study be followed longer than one year?

Katz: Because they are in the VA system, we'll be able to keep an eye on these patients over the longer term. VA
already has an infrastructure and a system for tracking suicide-related behaviors, mainly through the suicide
prevention coordinators, who are funded separately from the study. We have that system of care in place, and it is
one of the unique benefits of VA.

What might be some next steps after the study ends?

Katz:This study is looking at the effects of lithium in doses that are used pharmacologically. If this is positive, our next
question might be whether you need such high doses, or whether far lower doses might also be effective. However,
the most important question is about how we would translate findings from the study into improved care. For this, we
would make sure that mental health staff and other care providers in VA are aware of the results, and that all VA
psychiatrists know how to use lithium to prevent suicide.

Liang: This is the first real test of lithium for suicidality. If the results are positive, it will open up a number of
opportunities for understanding how the finding might be applied to a broader population, both in and beyond VA.

To learn more about the trial, expected to launch this fall, click here or go to clinicaltrials.gov and enter the search
term CSP 590.

Questions about the R&D website? Email the Web Team. 

Any health information on this website is strictly for informational purposes and is not intended as medical advice. It should not be used to diagnose or
treat any condition.
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Use of Health Care Databases to Support Supplemental
Indications of Approved Medications
Michael Fralick, MD; Aaron S. Kesselheim, MD, JD, MPH; Jerry Avorn, MD; Sebastian Schneeweiss, MD, ScD

IMPORTANCE Manufacturers of US Food and Drug Administration–approved prescription
drugs often apply for additional indications based on randomized clinical trials. Real-world
database analyses on a medication’s use and outcomes in routine settings of care might help
to inform decision making regarding such supplemental indications.

OBJECTIVE To examine whether longitudinal data from a health care database can support
the results of a randomized clinical trial that led to a supplemental indication for telmisartan.

DESIGN, SETTING, AND PARTICIPANTS This cohort study of patients newly prescribed
telmisartan or ramipril used insurance claims data from a nationwide health care database
from January 1, 2003, through September 30, 2009, to compare patient outcomes. This
study replicated the inclusion and exclusion criteria used in the Ongoing Telmisartan Alone
and in Combination with Ramipril Global End-point Trial (ONTARGET) and used propensity
score matching to balance 74 patient characteristics. Data analysis was performed from
February 15, 2017, to May 24, 2017.

EXPOSURES Telmisartan use vs ramipril use.

MAIN OUTCOMES AND MEASURES The primary outcome was a composite of myocardial
infarction, stroke, or hospitalization for congestive heart failure.

RESULTS Of the 640 951 patients included in the study, 48 053 were newly prescribed
ramipril (mean [SD] age, 68.29 [9.52] years; 31 940 male [66.5%]) and 4665 were newly
prescribed telmisartan (mean [SD] age, 69.43 [9.60] years; 2413 male [51.7%]). After
propensity score matching, a total of 4665 patients were newly prescribed telmisartan (mean
[SD] age, 69.43 [9.60] years; 2413 [51.7%]), and 4665 patients were newly prescribed
ramipril (mean [SD] age, 69.36 [9.67] years; 2343 male [50.2%]). As seen in ONTARGET, the
composite risk of stroke, myocardial infarction, and hospitalization for congestive heart
failure was similar for the 2 medications (hazard ratio, 1.0; 95% CI, 0.9-1.1). In addition, the
study found that telmisartan was associated with a substantially decreased risk of
angioedema (hazard ratio, 0.1; 95% CI, 0.03-0.56) compared with ramipril.

CONCLUSIONS AND RELEVANCE Real-world data analyses of patients receiving routine care
provided findings similar to those found in the randomized clinical trial that established
telmisartan’s supplemental indication. In certain situations, database studies may support
supplemental applications for effectiveness for already approved medications.

JAMA Intern Med. 2018;178(1):55-63. doi:10.1001/jamainternmed.2017.3919
Published online November 20, 2017.
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I n December 2016, the 21st Century Cures Act was signed into
law in the United States.1 It contained a provision
intended to promote real-world data studies of medica-

tion use and outcomes in routine clinical settings in US Food
and Drug Administration (FDA) authorization of additional
indications for already approved prescription drugs.1 Such
data, with or without randomization, are drawn from health
care use data, insurance claims, registry studies, and/or elec-
tronic health record systems in typical clinical settings of
care.2-4 Although the FDA has long used such data to clarify
the safety of medications, the data can seldom establish a
drug’s effectiveness. Well-designed randomized clinical trials
are the criterion standard for assessing whether a drug is effi-
cacious because random treatment assignment and a con-
trolled research environment can more readily support
causal inferences.

In recent years, new methodologic approaches have im-
proved the validity and reproducibility of nonrandomized data,
including new-user designs,5 active comparators, propensity
score (PS) matching, and controlling for disease risk scores.6,7

Other important aspects include assessing covariates before
cohort entry (to avoid adjusting for intermediate variables) and
defining cohort entry as the time when the patient first re-
ceives the exposure of interest (to decrease the possibility of
immortal time bias).6-8

Can such analytic techniques confirm supplemental indi-
cations for already approved drugs? Approximately half of all
drugs approved in the United States are later approved for
supplemental indications, modifications to the initial indica-
tion, or expanded populations.9,10 Supplemental indications
are typically identified on the basis of prospective clinical trials.
To determine whether real-world data analyses can confirm a
supplemental indication, we identified a supplemental ap-
proval amenable to study and applied the same inclusion and
exclusion criteria and outcomes measurements that were used
in the pivotal randomized clinical trial.

Methods
Our cohort study was conducted in commercially insured
patients using the MarketScan health care database pro-
vided by Truven (January 1, 2003, through September 30,
2009). This nationwide database captures anonymized lon-
gitudinal, individual-level data on health care use, patient
demographics, inpatient and outpatient diagnostic and pro-
cedural codes, and pharmacy dispensing of prescription
drugs for more than 60 million commercially insured
people in the United States. The study was approved by the
institutional review board at Brigham and Women’s Hospi-
tal, including a waiver for informed consent, and a valid
data licensing agreement was in place. All data were anony-
mized and deidentified.

Data Sources
To identify an experimental setting, we reviewed all supple-
mental applications to the FDA from 2005 to 2014 and their
accompanying clinical trials.9 The supplemental indications

were classified into 3 mutually exclusive categories: new in-
dication (n = 138), modification (n = 86), and expansion (n = 66)
(eAppendix in the Supplement).9 Of the 138 new indications,
108 (78.3%) of the pivotal clinical trials had a primary out-
come that was not identifiable in US longitudinal health care
databases (eg, pathology results, change in clinical scores, and
radiologic tumor response), 12 (8.7%) did not have an active
comparator, 4 (2.9%) were based on in-hospital medication ad-
ministration (eg, postoperative nausea medication, anes-
thetic medications), and 14 (10.1%) were potentially repli-
cable with the claims data available to us. Of the 14, we selected
telmisartan a priori and did not analyze data for the other 13
(eAppendix in the Supplement).

The angiotensin receptor blocker (ARB) telmisartan
(Micardis) was approved as an antihypertensive in 1998. In
October 2009, it was approved supplementarily for cardio-
vascular risk reduction in patients 55 years or older who
are unable to take angiotensin-converting enzyme inhibitors
(ACE-Is) and have a high risk of major cardiovascular events.
Telmisartan was an optimal case study for 3 reasons. First,
the primary outcome in the pivotal supplemental indication
trial could be accurately identified in health care use data.
Second, the randomized clinical trial used an active com-
parator, the ACE-I ramipril (Altace), which would minimize
confounding in cohort studies.3,7 Third, the inclusion crite-
ria, exclusion criteria, and baseline patient characteristics
were identifiable in claims data.

The trial that identified the supplemental indication for
telmisartan for cardiovascular risk reduction, Ongoing Telmis-
artan Alone and in Combination with Ramipril Global End-
point Trial (ONTARGET), was published in April 2008.11

ONTARGET’s primary objectives were to determine whether
telmisartan was at least as effective as ramipril at reducing
cardiovascular risk and to assess whether the combination of
telmisartan and ramipril was more effective than ramipril
alone. The trial was conducted across 733 centers in 40 coun-
tries between 2001 and 2008.11

Study Cohort
Potentially eligible patients must have had at least 6 months
of continuous enrollment in a participating health plan be-
fore the date of cohort entry. Our inclusion and exclusion cri-

Key Points
Question Can health care databases be used to confirm a
supplemental indication that has been demonstrated in a
randomized clinical trial for an approved medication?

Findings This cohort study replicated the results of a randomized
clinical trial that established the supplemental indication for
telmisartan by using data from a US health care database
(insurance claims data) available at the time that the supplemental
indication was approved. Similar to the randomized clinical trial,
our study revealed a decreased risk of angioedema with
telmisartan compared with ramipril.

Meaning In certain clinical scenarios, database studies may
support supplemental effectiveness applications for already
approved medications.

Research Original Investigation Health Care Database Use for Supplemental Medication Indications
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teria mirrored those of ONTARGET.11 We included patients 55
years or older who filled a new prescription for telmisartan or
ramipril (no fills for either drug or any other ACE-I or ARB dur-
ing the prior 180 days). Cohort entry date was the first day of
a prescription fill. As in ONTARGET, we included patients with
a diagnosis of coronary artery disease, peripheral artery dis-
ease, cerebrovascular disease, or diabetes mellitus during the
180 days before cohort entry.

As in ONTARGET, we excluded patients with a limited life
expectancy (ie, living in a hospice, palliative care facility, or a
nursing home and those with cancer), liver disease, syncope
or a recent myocardial infarction (within 2 days of cohort
entry), transient ischemic attack (within 7 days of cohort
entry), percutaneous transluminal coronary angiography
(within 30 days of cohort entry), or hospitalization for con-
gestive heart failure during the 180 days before cohort entry.
Other exclusion criteria used in ONTARGET were not applied
because they were not readily identifiable (known allergy to
study medication, unable to tolerate study medication,
hemodynamically significant primary valvular or outflow
tract obstruction, uncorrected volume or sodium depletion,
planned cardiac procedure, blood pressure >160/100 mm Hg
despite treatment, significant renal artery stenosis, and
angina in the absence of multivessel coronary artery disease)
or rare (hereditary fructose intolerance, complex congenital
heart disease, primary hyperaldosteronism, and heart trans-
plant). We also excluded patients who previously received
any ACE-I or ARB.

Study End Point
Our primary outcome was a composite of myocardial infarc-
tion, stroke, or hospitalization for congestive heart failure
using the primary discharge diagnosis code for an inpatient
visit (see eTable 1 in the Supplement for International Classi-
fication of Diseases, Ninth Revision codes). These definitions
have satisfactory measurement characteristics; the positive
predictive value for myocardial infarction was 93% or
higher; stroke, 81% or higher; and congestive heart failure,
87% or higher.12-14 Cardiovascular deaths were included in
the composite outcome if they occurred during a hospital-
ization for myocardial infarction, stroke, or heart failure but
not outside the hospital.

Statistical Analysis
Our primary analysis compared the rates of the composite end
point among patients initiating treatment with telmisartan vs
ramipril. Data were censored for patients when they dis-
continued use of their initial medication, switched to the
comparator medication, experienced a study outcome, disen-
rolled from their health plan, or died, or on September 30,
2009.15 To address confounding, we adjusted for 74 patient
characteristics, including demographics, comorbid condi-
tions, concurrent medications, and health care use mea-
sures, using PS methods (Table 1 and eTable 2 in the Supple-
ment). To balance patient characteristics, we used 1:1 PS
matching with a caliper of 0.05 and did not perform further
variable selection. We compared standardized differences to
evaluate the level of balance achieved in patient characteris-

tics after PS matching16 and used unstratified Cox propor-
tional hazards regression to compute hazard ratios (HRs) and
95% CIs. We then performed a predefined secondary analysis
that carried forward the exposure to the first-used medica-
tion for 365 days.6

To assess the robustness of our results, we also sought
to confirm the well-established increased risk of angio-
edema for ramipril, expecting that rates of angioedema
would be lower for telmisartan, as also demonstrated in
ONTARGET. To further assess robustness, we replicated all
study end points using a larger cohort derived from less
stringent exclusion criteria by creating a cohort that allowed
for past ACE-I or ARB use other than telmisartan or ramipril
in the preceding 180 days. All analyses were conducted
using the Aetion platform and R, version 3.1.2.5 (R Founda-
tion for Statistical Computing), which has been previously
validated for a range of studies17,18 and for predicting clini-
cal trial findings.19

Results
We identified 640 951 patients who filled a prescription for
ramipril or telmisartan from January 1, 2003, through Sep-
tember 30, 2009, and had a sufficient baseline enrollment pe-
riod of at least 180 days. After applying study inclusion and
exclusion criteria, 52 739 patients were included (Figure), of
whom 48 053 were newly prescribed ramipril (mean [SD] age,
68.29 [9.52] years; 31 940 male [66.5%]) and 4665 were newly
prescribed telmisartan (mean [SD] age, 69.43 [9.60] years; 2413
male [51.7%]) (a total of 21 patients did not begin follow-up).
Patients prescribed ramipril were more likely to be male and
have cardiac disease, whereas patients prescribed telmisar-
tan were more likely to have hypertension, kidney disease, and
previous transient ischemic attack or stroke and be pre-
scribed a calcium channel blocker (Table 1). After PS match-
ing 4665 telmisartan users (mean [SD] age, 69.43 [9.60] years;
2413 [51.7%]) to 4665 ramipril users (mean [SD] age, 69.36
[9.67] years; 2343 male [50.2%]), these differences were well
balanced with standardized differences less than 0.1 (Table 1).
Most frequencies of baseline characteristics were consistent
with ONTARGET (eg, similar age, rates of hypertension, coro-
nary artery disease, diabetes, and stroke), whereas some were
not (ie, lower rates of angina, lower rates of smoking, less docu-
mented antiplatelet use, and more women included in our
study) (eTable 2 in the Supplement). In the unmatched co-
hort, mean follow-up time was 232 days (interquartile range,
113-454 days) for the ramipril group and 188 days (interquar-
tile range, 108-427 days) for the telmisartan group. The most
common reason for censoring was treatment discontinua-
tion, in 32 135 ramipril users (66.9%) and 3483 telmisartan
users (74.7%).

In ONTARGET, the relative risk of the composite out-
come of death from cardiovascular causes, myocardial infarc-
tion, stroke, or hospitalization for congestive heart failure was
1.01 (95% CI, 0.94-1.09), indicating no significant difference
between telmisartan and ramipril. In our study, the PS-
matched relative risk of the composite of myocardial infarc-
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tion, stroke, or hospitalization for congestive heart failure was
almost identical (HR, 0.99; 95% CI, 0.85-1.14) (Table 2).

Sensitivity Analysis
A sensitivity analysis using the last exposure to the first-used
medication for 365 days without considering treatment dis-
continuation found that the primary end point occurred in 402
ramipril users (86 events per 1000 patients) and 363 telmis-

artan users (78 events per 1000 patients). This resulted in no
significant difference in risk after PS matching (HR, 0.90; 95%
CI, 0.77-1.04).

Validation Against a Known Causal Association
Among PS-matched individuals, there were 18 angioedema
events in new users of ramipril (3.1 events per 1000 person-
years) and 2 events in new users of telmisartan (0.4 events

Table 1. Baseline Patient Characteristics Before Receiving Telmisartan or Ramiprila,b

Characteristic

Unmatched Population PS-Matched Population

Ramipril
(n = 48 053)

Telmisartan
(n = 4665)

Standardized
Difference

Ramipril
(n = 4665)

Telmisartan
(n = 4665)

Standardized
Difference

Age, mean (SD), y 68.29 (9.52) 69.43 (9.60) 0.119 69.36 (9.67) 69.43 (9.60) 0.007

Age category, y

55-59 9747 (20.3) 802 (17.2)

0.149

839 (18.0) 802 (17.2)

0.031

60-64 11 539 (24.0) 985 (21.1) 947 (20.3) 985 (21.1)

65-69 6262 (13.0) 626 (13.4) 655 (14.0) 620 (13.4)

70-74 6468 (13.5) 681 (14.6) 666 (14.3) 681 (14.6)

≥75 14 037 (29.2) 1571 (33.7) 1558 (33.4) 1571 (33.7)

Male 31 940 (66.5) 2413 (51.7) 0.303 2343 (50.2) 2413 (51.7) 0.030

Date of cohort entry

First quarter 13 667 (28.4) 1198 (25.7)

0.046

1149 (24.6) 1198 (25.7)

0.053
Second quarter 10 080 (21.0) 1038 (22.3) 1005 (21.5) 1038 (22.3)

Third quarter 12 730 (26.5) 1310 (28.1) 1395 (29.9) 1310 (28.1)

Fourth quarter 11 576 (24.1) 1119 (24.0) 1116 (23.9) 1119 (24.0)

Comorbid conditions

Hypertension 21 361 (44.5) 2835 (60.8) 0.331 2832 (60.7) 2835 (60.8) 0.001

Coronary artery disease 37 591 (78.2) 3105 (66.6) 0.263 3053 (65.4) 3105 (66.6) 0.024

Diabetes mellitus 14 375 (29.9) 1524 (32.7) 0.059 1514 (32.5) 1524 (32.7) 0.005

PAD 2651 (5.5) 362 (7.8) 0.090 355 (7.6) 362 (7.8) 0.006

Stroke or TIA 5727 (11.9) 730 (15.6) 0.108 783 (16.8) 730 (15.6) 0.031

Angina 11 272 (23.5) 815 (17.5) 0.149 817 (17.5) 815 (17.5) 0.001

Heart failure 7205 (15.0) 510 (10.9) 0.121 526 (11.3) 510 (10.9) 0.011

Renal disease 3549 (7.4) 545 (11.7) 0.147 515 (11.0) 545 (11.7) 0.020

Smoking 1734 (3.6) 115 (2.5) 0.067 128 (2.7) 115 (2.5) 0.017

Previous CABG or PCI 5454 (11.3) 124 (2.7) 0.346 111 (2.4) 124 (2.7) 0.018

Medications

Statin 22 441 (46.7) 2104 (45.1) 0.032 2073 (44.4) 2104 (45.1) 0.013

β-Blocker 20 957 (43.6) 1926 (41.3) 0.047 1913 (41.0) 1926 (41.3) 0.006

Antiplatelet agent 11 031 (23.0) 1127 (24.2) 0.028 1148 (24.6) 1127 (24.2) 0.010

Calcium channel blocker 5386 (11.2) 833 (17.9) 0.189 825 (17.7) 833 (17.9) 0.004

Diuretic 11 396 (23.7) 1342 (28.8) 0.115 1325 (28.4) 1342 (28.8) 0.008

ACE-I or ARB 0 0 0 0 0 0

Health care use

Cardiology visit 29 928 (62.3) 2526 (54.1) 0.165 2585 (55.4) 2526 (54.1) 0.025

General practitioner visit 35 314 (73.5) 3571 (76.5) 0.071 3573 (76.6) 3571 (76.5) 0.001

Emergency department visit 9946 (20.7) 907 (19.4) 0.031 911 (19.5) 907 (19.4) 0.002

Influenza vaccination 4141 (8.6) 401 (8.6) 0.001 392 (8.4) 401 (8.6) 0.007

Transthoracic echocardiogram 19 496 (40.6) 1589 (34.1) 0.135 1638 (35.1) 1589 (34.1) 0.022

Abbreviations: ACE-I, angiotensin-converting enzyme inhibitor;
ARB, angiotensin receptor blocker; CABG, coronary artery bypass graft;
PAD, peripheral arterial disease; PCI, percutaneous coronary intervention;
PS, propensity score; TIA, transient ischemic attack.

a Data are presented as number (percentage) of patients unless otherwise
indicated.

b In the preceding 180 days.
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per 1000 person-years). A decreased risk (HR, 0.13; 95% CI,
0.03-0.56) of angioedema with telmisartan was also
observed in ONTARGET (HR, 0.40; P = .01).

Robustness of Findings
In the cohort with less stringent exclusion criteria to allow for
past ACE-I or ARB use apart from ramipril or telmisartan, we
identified 8656 PS-matched new users of telmisartan and 8656
PS-matched new users of ramipril. In this cohort, there was a
similar PS-matched relative risk of the composite of myocar-
dial infarction, stroke, or hospitalization for congestive heart
failure (HR, 0.97; 95% CI, 0.88-1.08) (Table 3). A decreased PS-
matched risk of angioedema with telmisartan compared with
ramipril (HR, 0.35; 95% CI, 0.17-0.71) was also revealed.

Discussion
Among patients newly prescribed telmisartan and ramipril be-
fore the FDA’s decision to approve a supplemental indication
for telmisartan, we found results that were almost identical to
those of the randomized clinical trial that led to telmisartan’s
supplemental indication. We further identified and quanti-
fied the known causal association between ramipril and an-
gioedema. This finding suggests that our data and analysis plan
were sufficiently valid to detect known causal associations first
identified in a prospective trial.20

This study is one of the largest to analyze real-world data
to mirror a large randomized clinical trial that had estab-
lished the clinical basis for a supplemental indication for a
medication. In contrast to ONTARGET, which took approxi-
mately 7 years to complete and cost tens of millions of dol-
lars, our study took approximately 12 weeks to implement for
less than a hundredth of the cost. The fact that our case study
bolstered the conclusions of a trial designed to identify a
supplemental indication for a marketed medication and was
done relatively efficiently using available data sets, rigorous
epidemiologic methods, and modern software platforms sup-
ports the concept of conducting similar database analyses as
part of routine practice for manufacturers submitting appli-
cations for supplemental indications to the FDA.21

Results concordant with the pivotal clinical trial can pro-
vide regulators with greater confidence in approving the in-
dication, whereas discordant results could warrant deeper re-
examination of the clinical trial or nonrandomized data. When
results are discordant with the pivotal trial, an in-depth analy-
sis of the trial and the nonrandomized study will be neces-
sary to identify reasons for this discordance. These reasons can
include issues related to study design, statistical analysis, and
patient population. Additional research will be necessary to
help navigate this scenario.22 Eventually, the FDA can de-
velop empirically based guidance on when database analyses
are useful in this context and when they are less reliable as a
confirmatory source.

Validity of Nonrandomized Real-world Data Analyses
There have been examples of real-world data providing results
before the randomized clinical trial was completed23-25 and non-

randomized real-world studies that changed prescribing prac-
tices for which there will likely never be randomized clinical trial
findings.26-29 A common signal of quality among these studies
and our current study was the use of a new-user, active-
comparator design. This approach compares 2 groups of pa-
tients who newly start taking a medication and avoids compar-
ing 2 groups with intrinsically discrepant risk profiles as would
be found using a nonuser comparator or comparing new users
with ongoing users. The new-user design with an active com-
parator allows a more homogeneous baseline population and
was one of the main reasons why the observed baseline char-
acteristics for our patients were similar even before matching.
By design, approximately 80% of the 74 baseline characteris-
tics were well balanced before PS matching, suggesting that un-
measured factors may be equally balanced. Similar results were
observed in the recent new-user, active-comparator study by
Graham et al26 that compared the safety and effectiveness of
rivaroxaban with those of dabigatran.

By contrast, some nonrandomized real-world studies30,31

found results that differed from those in subsequent random-
ized clinical trials.32-34 This difference can occur for many rea-
sons, including incorrect study design implementation, re-
verse causation,35 immortal time bias,8 depletion of
susceptibles,36 failure to identify important unmeasured con-
founding factors, or the inclusion of a different study popu-
lation than was used in the clinical trial. In particular, com-
parators that use patients defined as those who did not fill a
prescription (nonusers) may introduce treatment selection bias
that may not be controllable with any statistical method.37,38

Studies such as ours require that inclusion and exclusion
criteria and end points be adequately defined in a random-
ized clinical trial report and subsequently identifiable in the
health care data set being studied. Many trials include study

Figure. Flowchart of Patients in the Study

695 854 Excluded
107 642 Insufficient enrollment

8910 Lack of CAD, PAD, CVD, or T2DM
4662 Age < 55 y
2106 Recent TIA, MI, CHF, or PCI
1151 Cancer

357 Liver disease or pericarditis
0 Syncope
0 Hospice or palliative care

424 709 Prior use of ramipril
88 122 Prior use of telmisartan
58 195 Prior use of any ACE-I or ARB

748 593 Patients meeting cohort
entry criteria

52 739 Final cohort

Cohort criteria included receiving a prescription for ramipril or telmisartan
between January 2003 (start of available data) and September 2009 (prior to
the Food and Drug Administration approval of the supplemental indication).
ACE-I indicates angiotensin converting enzyme inhibitor; ARB, angiotensin
receptor blocker; CAD, coronary artery disease; CHF, congestive heart failure;
CVD, cerebrovascular disease; MI, myocardial infarction; PAD, peripheral arterial
disease; PCI, percutaneous coronary intervention; T2DM, type 2 diabetes
mellitus; and TIA, transient ischemic attack.
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end points that are not recorded in claims data or electronic
health care records (eg, rating scales used in trials of psychi-
atric medications) or not easily identifiable (eg, progression-
free survival used in oncology trials) without requiring chal-
lenging natural language processing of free-text information.
It would also be difficult to replicate results from randomized
clinical trials that include different treatment modalities with
substantially different risk-benefit profiles (eg, implantable car-
dioverter defibrillators compared with medical therapy) be-

cause of fundamental differences in risk profiles between the
2 populations.7,38

Pharmacoepidemiology analysis of data from nonrandom-
ized, real-world health care databases can be used to support
supplemental indications established in prospective random-
ized clinical trials of marketed medications. This is powerful
because they represent outcomes in settings of typical care,
rather than the highly controlled research environments of
RCTs, and can be accomplished quickly and inexpensively. The

Table 2. Incidence of the Composite End Point, Its Components, and the Risk of Angioedema

Variable

Observational Cohort Study ONTARGET Clinical Trial
Ramipril
(n = 4665)

Telmisartan
(n = 4665)

Ramipril
(n = 8576)

Telmisartan
(n = 8542)

Composite End Point

No. of person-years 5579 4570 NA NA

No. of events 403 343 1412 1423

Incidence rate per 1000
person-years

72.23 75.05 NA NA

Rate difference per 1000
person-years

1 [Reference] 2.82 (−7.80 to 13.44) NA NA

Unadjusted relative risk 1 [Reference] 0.99 (0.89 to 1.11) NA NA

Relative risk 1 [Reference] 0.99 (0.85 to 1.14)a 1 [Reference] 1.01 (0.94 to 1.09)

Stroke

No. of person-years 5808 4718 NA NA

No. of events 107 86 405 369

Incidence rate per 1000
person-years

18.42 18.23 NA NA

Rate difference per 1000
person-years

1 [Reference] −0.20 (−5.40 to 5.00) NA NA

Unadjusted relative risk 1 [Reference] 1.08 (0.87 to 1.35) NA NA

Relative risk 1 [Reference] 0.95 (0.71 to 1.26)a 1 [Reference] 0.91 (0.70 to 1.05)

Myocardial Infarction

No. of person-years 5824 4726 NA NA

No. of events 84 68 413 440

Incidence rate per 1000
person-years

14.42 14.39 NA NA

Rate difference per 1000
person-years

1 [Reference] −0.03 (−4.64 to 4.57) NA NA

Unadjusted relative risk 1 [Reference] 0.97 (0.76 to 1.24) NA NA

Relative risk 1 [Reference] 0.92 (0.67 to 1.27)a 1 [Reference] 1.07 (0.94 to 1.22)

Hospitalization for Heart Failure

No. of person-years 5684 4656 NA NA

No. of events 284 231 354 394

Incidence rate per 1000
person-years

49.97 49.61 NA NA

Rate difference per 1000
person-years

1 [Reference] −0.35 (−9.00 to 8.29) NA NA

Unadjusted relative risk 1 [Reference] 0.94 (0.82 to 1.08) NA NA

Relative risk 1 [Reference] 0.95 (0.79 to 1.13)a 1 [Reference] 1.12 (0.97 to 1.29)

Angioedema

No. of person-years 5885 4772 NA NA

No. of events 18 2 25 10

Incidence rate per 1000
person-years

3.06 0.42 NA NA

Rate difference per 1000
person-years

1 [Reference] −2.64 (−4.17 to −1.11) NA NA

Unadjusted relative risk 1 [Reference] 0.18 (0.04 to 0.70) NA NA

Relative risk 1 [Reference] 0.13 (0.03 to 0.56)a 1 [Reference] 0.4 (P = .01)b

Abbreviations: NA, not applicable;
ONTARGET, Ongoing Telmisartan
Alone and in Combination with
Ramipril Global End-point Trial.
a Relative risk using 1:1 propensity

score matching.
b The CIs are not provided in the

ONTARGET article.
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analyses can also include subgroups of patients who are un-
derrepresented in clinical trials, including elderly individu-
als, patients with many comorbidities, pregnant women, and
other at-risk groups. In our study, for example, 50% of pa-
tients were women compared with approximately 26% in
ONTARGET. Finally, such studies can evaluate a larger popu-
lation of patients and can assess end points that trials are
often underpowered to detect, such as rare adverse events.

Limitations
Our observed null finding might reflect limitations within our
data set (eg, lack of out-of-hospital death data), duration of fol-
low-up, or study design rather than a true observation. It is well
established that noninferiority can appear to be present be-
cause of inadequate rigor or scale in any study, whether a ran-
domized clinical trial or an observational analysis.39,40 How-
ever, this does not explain the increased risk of angioedema
that we observed with ramipril but not telmisartan. Some
authors41,42 have questioned the value of PS matching over tra-
ditional risk-adjusted regression analysis, neither of which
guarantee full account for unmeasured confounding. How-
ever, our unadjusted primary, secondary, and sensitivity analy-
ses did not change meaningfully after PS matching. Another
limitation of our study was an inability to assess medication
adherence beyond prescription filling, although this is gener-
ally seen as a valid measure of actual use.15

Conclusions
The FDA is currently considering how it will use nonrandom-
ized, real-world data as part of supplemental indication
applications.42,43 In the absence of large-scale empirical com-
parative analyses that identify the reasons for failure and suc-
cess to replicate randomized controlled findings with real-
world data analyses, we performed a case study that highlights
some important considerations. Many context-specific ques-
tions about study design, confounding control, data quality,
and outcome validity will need to be considered.4,6 Pre-
registering study designs and analysis plans and providing
a publicly available summary of the results when available,
similar to the current practice of randomized clinical trials, pro-
motes ethical conduct of these studies.

Even well-designed analyses sometimes result in incor-
rect conclusions, and some randomized clinical trials may be
inaccurate.44 Retrospective reviews of the literature34,45-48 pro-
vide single summarizations of the differences between these
2 approaches but provide few insights on the validity of indi-
vidual real-world data analyses. To establish a meaningful base-
line, the FDA will need many sets of randomized clinical trials
with prospectively designed, nonrandomized analyses to
match the populations included in randomized clinical trials

across a range of clinical questions, each investigated with a
set of designs and methods following rigorous epidemiologic
principles.

Regulators have a difficult task in providing specific rules
for decision making in this maturing yet still developing and
highly context-specific field. However, if done selectively and
with principled methods, it might be feasible to use nonran-
domized, real-world data to provide supportive evidence in
establishing supplemental drug indications.
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Table 3. Results From Secondary Analyses That Expanded the
Population by Including Patients Who Had Used Angiotensin-Converting
Enzyme Inhibitors or Angiotensin Receptor Blockers
in the Past 180 Days

Variable
Ramipril
(n = 8656)

Telmisartan
(n = 8656)

Composite End Point

No. of person-years 10 227 8749

No. of events 799 695

Incidence rate per 1000
person-years

78.13 79.44

Unadjusted 1 [Reference] 0.96 (0.89-1.04)

PS matched 1 [Reference] 0.97 (0.88-1.08)

Stroke

No. of person-years 10 760 9098

No. of events 184 173

Incidence rate per 1000
person-years

17.1 19.01

Unadjusted 1 [Reference] 1.08 (0.92-1.27)

PS matched 1 [Reference] 1.07 (0.87-1.32)

Myocardial Infarction

No. of person-years 10 755 9132

No. of events 156 126

Incidence rate per 1000
person-years

14.5 13.8

Unadjusted 1 [Reference] 0.87 (0.72-1.04)

PS matched 1 [Reference] 0.91 (0.72-1.15)

Hospitalization for Heart Failure

No. of person-years 10 433 8928

No. of events 589 481

Incidence rate per 1000
person-years

56.46 53.88

Unadjusted 1 [Reference] 0.93 (0.84-1.02)

PS matched 1 [Reference] 0.91 (0.81-1.03)

Angioedema

No. of person-years 10 885 9220

No. of events 32 10

Incidence rate per 1000
person-years

2.94 1.08

Unadjusted 1 [Reference] 0.43 (0.23-0.82)

PS matched 1 [Reference] 0.35 (0.17-0.71)

Abbreviation: PS, propensity score.
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Invited Commentary

Comparison of Observational Data and the ONTARGET
Results for Telmisartan Treatment of Hypertension
Bull’s-eye or Painting the Target Around the Arrow?
Robert M. Califf, MD

In this issue of JAMA Internal Medicine, Fralick and colleagues1

create a straw man to demonstrate that observational treat-
ment comparisons could be useful for expanding indica-
tions for medical products. The authors modeled the Ongo-

ing Telmisartan Alone and in
Combination with Ramipril
Global End-point Trial
(ONTARGET),2 which com-

pared the angiotensin receptor antagonist telmisartan and the
angiotensin-converting enzyme inhibitor ramipril for the treat-
ment of hypertension. That trial,2 published in 2008, found
that telmisartan was equally effective to ramipril, with fewer
incidences of angioedema. Participants who received both
drugs experienced more adverse events but no increase in
benefits.

ONTARGET was a good choice for this demonstration:
telmisartan, with a toxicity and adverse effect profile similar
to ramipril, was already approved for treating hypertension,
and many angiotensin receptor antagonists are noninferior to
angiotensin-converting enzyme inhibitors for preventing car-
diovascular events. The study by Fralick et al1 is valuable and
technically excellent; however, it examines only 1 drug-
indication pair of many. Thus, it is open to the criticism that
generalizing from 1 positive finding to a vast field of potential
treatment comparisons with observational data is analogous
to painting the target around the arrow, especially consider-
ing the high probability that the telmisartan-ramipril compari-
son would work.

Theory and experience have shown randomization to be
the key element of high-quality evidence when drawing causal
inferences about therapeutic effects and when making the case
for regulatory approval. The classic construct invokes a hier-
archy of evidence in which randomized clinical trials (RCTs)
occupy the apex of the evidence pyramid, with observational
analyses relegated to lower levels. An accompanying body of
folklore known as good clinical practice has accumulated
around organizational and operational aspects of RCTs. Such
trials, however, cannot answer every clinical question, and bu-
reaucracy engendered by common interpretations of good clini-
cal practice has driven the costs of traditional regulatory RCTs
to such levels that many important questions are effectively
unanswerable within the existing clinical research ecosys-
tem. For example, many regulated RCTs expend substantial
resources auditing data that may not be essential to the result
of the trial at a cost that far exceeds the value in obtaining a
reliable answer to the primary questions posed by the trial.3

The shortcomings of traditional regulatory RCTs have long
been debated.4 During the past few decades, however, alter-
native approaches for understanding the effects of specific
therapies have evolved. Recently, Frieden5 pointed out that as
analytical methods continue to improve, confidence in the
value of observational analyses should correspondingly
increase.

The evidentiary standard for initial marketing approval for
drugs, biologics, or medical devices is a high bar generally con-
strued as 2 traditional RCTs demonstrating benefit in terms of
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clinical outcomes important to patients. Recent guidances,
regulations, and statutes, however, make it clear that the law
supports the position of the US Food and Drug Administra-
tion (FDA) to apply a standard that encompasses evidence
judged convincing by qualified experts6; this evidence can
be produced by various methods, although it is typically
anchored by at least 1 traditional RCT.6 After a drug is mar-
keted, it may be prescribed for medical conditions beyond those
approved, and manufacturers typically fund studies to ob-
tain further information within the labeled indication(s) or to
evaluate the intervention for other possible indications.

Some have expressed concerns that when the FDA
sustains the high standard for additional indications or label-
ing changes, the agency creates unfortunate incentives. For
clinical researchers, the excessive bureaucracy pushes them
to gravitate away from performing the labor-intensive, expen-
sive, and rigorous studies designed to meet approval criteria
or to avoid participation in clinical trials altogether. For manu-
facturers, the incentive is to leverage marketing and thought
leader influence to encourage off-label use without bringing
study data before regulators. The result is that the US clinical
research system is failing to answer many questions that
undergird clinical practice.7

Given such circumstances, it is understandable that
many physicians and patients would endorse off-label use
of drugs and devices based on the best recommendations
possible with available evidence. The 21st Century Cures
Act, enacted in 2016, and user-fee agreements included in
the FDA Reauthorization Act of 2017 encourage use of real-
world evidence. They offer industry a lower cost of applica-
tions for additional indications to provide more medical evi-
dence for the drug label and encourage development of
methods for these purposes.

From a technical perspective, the article by Fralick et al1

offers a cogent summary of the care, insight, and expertise that
can be applied to the daunting scientific problem of observa-
tional treatment comparisons. The authors chose their co-
hort and database carefully to match ONTARGET’s condi-
tions, studied patients who newly initiated treatment to avoid
biases involved in starting with current users, used powerful
propensity score matching after adjusting for 73 patient char-
acteristics, and used validated outcomes. They also per-
formed sensitivity analyses, used a positive outcome control
(angioedema) to demonstrate that their methods could de-
tect a known difference in adverse effects between treat-
ments, and reproduced their results in a larger population using
broader entry criteria.

One issue not addressed by Fralick et al1 is a common con-
cern in research based on electronic health records: account-
ing for death in the analysis. The composite end point used in
their study has been validated independently and is widely
used in cardiovascular outcome trials. Although 93% concor-
dance for myocardial infarction and 80% to 85% concor-
dance for heart failure and stroke are good, the myocardial in-
farction component is misleading. More than half of myocardial
infarctions that occur outside the hospital are fatal. Such out-
of-hospital deaths may or may not be captured by electronic
health records, and health systems do not routinely assure the

quality of such data in the electronic record. The result of this
wrinkle in data collection is that Fralick et al1 used a different
end point—the composite of myocardial infarction, stroke, or
heart failure admission—than ONTARGET, which used all car-
diovascular deaths, heart failure admission, nonfatal myocar-
dial infarction, or nonfatal stroke.

Of interest, the authors note that from 2005 to 2014, manu-
facturers and other sponsors filed only 290 supplemental
applications with the FDA.1 This is a small proportion of all in-
dications explored by industry and academic researchers and
a fraction of the indications adopted by professional society
guidelines and clinicians in practice. It thus seems reason-
able to conclude that concerns about shunting of effort and re-
sources from trials capable of supporting regulatory approval
to off-label development may be valid. The hope is that re-
cent elimination of user fees for supplemental indications will
encourage industry to include more information in product la-
bels. Of the 138 applications for new indications filed in this
period1 most were based on biomarkers or composite end
points, meaning that the outcome could not be reliably iden-
tified in electronic health record or claims data. For most new
indications, other approaches may be needed to leverage real-
world evidence.

Critics often note that few clinicians actually read prod-
uct labels. This observation, however, overlooks the label’s core
value, namely, generating derivative information for other
important applications, including informing internet re-
sources, clinical decision support, and reimbursement deci-
sions. Solving these methodologic issues in defining the use
(and limitations) of real-world evidence and eliminating per-
verse incentives that fuel off-label development of drugs should
be key priorities.

Nevertheless, the study by Fralick et al1 points toward a
more fluid future. Given the provisions of the 21st Century
Cures Act and FDA Reauthorization Act, the efficacy stan-
dard for initial marketing approval for new drugs is unlikely
to change soon. The combination of traditional development
pathways and an array of accelerated pathways provide the FDA
with considerable flexibility to encourage manufacturers to
match the level of evidence with the clinical indication (while
still maintaining the RCT as the cornerstone). Such flexible use
of real-world evidence could lead to the incorporation of many
more indications into labeling and boost efforts to optimize the
evidence base for health and health care.

The increasing use of observational treatment compari-
sons reflects another element of the health care ecosystem’s
broader evolution into a learning health system. Regardless
of data sources or other factors, randomization should be
used whenever feasible; there is no substitute for random-
ization when we need to be confident that a difference
in outcome is caused by a difference in therapy. In many
circumstances, however, observational analyses will
supplement RCTs for new indications and provide deeper
knowledge about real-world use within labeled indications.
Despite the need for more examples and robust efforts to
guide the use of different methods for different circum-
stances, observational analyses have an important place in
the continuum of clinical evidence.
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