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SPEAKER PROFILES AND ABSTRACTS

Kate Burbury, Consultant Haematologist, Peter MacCallum Cancer Centre

Profile : Kate is a Tasmania graduate and completed her training and fellowship at John Radcliffe Hospital in
the UK and Peter MacCallum Cancer Centre Melbourne, where she currently works as a Clinical
Haematologist. She received her DPhil from Oxford University in 1999. She has a very active research and
clinical program with an interest in epigenetics, the haemostatic dysfunction associated with malignancy,
myeloproliferative disorders and flow cytometry in MDS — and is part of the European Leukaemia Network
Flow Cytometry Working Party.

Topic : Epigenetics — The Changing Landscape

Epigenetics (“over or upon genetics”) is one of the most promising and expanding fields in biomedical
research, with implications in both normal and disease biology. It refers to the variability in gene expression,
without underlying modification in the actual genetic sequence, but with these alterations being heritable
through mitosis and potentially meiosis. This capacity for alteration in gene expression plays a fundamental
role in normal development and differentiation, from conception to lineage commitment, as well as
maintenance of tissue-specific gene expression patterns, biological and phenotypic diversity, and evolution. It
offers an explanation for why genetic variations sometimes do not lead to phenotypic changes and equally
why genes, without modification, can yield variable phenotypes. But more importantly the disruptions of
epigenetic processes, through global dysregulation of gene function and expression profiles, are a hallmark of
initiation and progression of cancer. Recent advancements in the rapidly evolving field of cancer epigenetics
have shown extensive reprogramming of every component of the epigenetic machinery in cancer, including
DNA methylation, histone modifications, nucleosome positioning and non-coding RNAs, specifically
microRNA expression. The reversible nature of epigenetic aberrations has led to the emergence of the
promising arena of epigenetic therapy. | will discuss the epigenetic landscape, various mechanisms of
regulation and dysregulation, the progress in the field of cancer research, in terms of biomarkers of the
disease and pharmacological strategies.

Matthew Jose, Professor of Medicine, University of Tasmania, Consultant Nephrologist,
Royal Hobart Hospital

Profile : Matthew Jose qualified with FRACP as a renal physician in 1999 and awarded his doctorate (PhD)
through Monash University in 2003 with a thesis titled “Macrophages in acute renal allograft dysfunction”. He
worked as a clinical nephrologist and physician-in-charge of transplantation at Monash Medical Centre, then
was appointed Director of Renal Services for the Northern Territory and between 2004-2006 was responsible
for the care of all people with kidney disease in the Northern Territory.

A change in career direction occurred in 2006 with a move to Hobart for family reasons where he was the
Head of the Renal Unit at the Royal Hobart Hospital from 2007 to July 2011 and a member of the Menzies
Research Institute Tasmania. In July 2011 he was appointed as Professor of Medicine at the University of
Tasmania.

Current international standing:

e Heis the current Honorary Executive Officer for the Australian and New Zealand Society of
Nephrology (ANZSN)

e Member of council for the Australian and New Zealand Society of Nephrology (ANZSN),

e Member of the steering committee of the Australian and New Zealand Dialysis and Transplant
Registry (ANZDATA)

e Convener of the Indigenous working group of the Australian and New Zealand Dialysis and
Transplant Registry

e Australian coordinator for the International Society of Nephrology Renal Disaster Relief Taskforce

e Subject editor for international journal Nephrology

e Member of the Kidney Health Australia Chronic Kidney Disease education committee (KCAT).

Previous: In 2009 he was chair of the local organising committee of the 41* annual scientific meeting of
ANZSN, was the ANZSN representative to the 2" International CKD summit and an Australian representative
to the International Society of Nephrology education tour of Indonesia. In 2010 he was the ANZSN
representative to the Australian Creatinine Consensus Committee. In January 2011 he was the Australian
representative for the International Society of Nephrology / Cross-regional exchange and education visit to
Yangon, Myanmar.
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Topic : Towards a Better Understanding of Uraemic Molecules

Chronic kidney disease (CKD) affect nearly 2 million Australians causing premature death. The treatment for
end stage kidney failure (ESKF) is around $70,000 per patient each year on dialysis and unfortunately, the
number of patients is increasing each year.

Although improvements in dialysis procedure can improve the quality and quantity of life among the patients,
still half of the patients die within 3 years while they are under modern dialysis treatment. The main reason
which causes premature mortality is cardiovascular disease. There are some toxins which aren’t removed
even with modern dialysis procedure and those molecules contribute to cardiovascular disease.

Among all chromatographic methods developed for the recognition of uremic molecules, capillary
electrophoresis (CE) is very suitable for analysis of highly polar and charged compounds (most of
metabolites). As metabolites often don’t have UV absorbance, hyphenation of CE with MS has provided a
strong tool for their analysis and provides us higher sensitivity. In addition, MS can provide structural
information of unknown metabolites. The other advantage of CE is small sample and organic solvent
requirement.

In this work, some of our efforts towards developing a robust and reproducible CE-MS method for monitoring
low-molecular weight metabolites in serum samples of some patients will be presented.

Dr. Shanthi Kamatham, Consultant Clinical Biochemist and Head of Department of
Laboratory Medicine at CARE Hospital, Institute of Medical Sciences, Hyderabad, India,

Profile : Shanthi graduated from medical college in 1979. Her specialization was in Clinical Biochemistry at
Madras Medical College and obtained MD in 1983.

Her experience in diagnostics is widely varied. Over the past 2 decades, has been involved in the diagnostic
laboratories in Kidwai Memorial Institute of Oncology, Bangalore, a premier state government tertiary care
hospital — Nizam’s Institute of Medical Sciences, Hyderabad and at CARE Hospital since the past 9 years.
Though a clinical biochemist has established and runs a haemostasis laboratory, which is looked on as
referral laboratory in the state of Andhra Pradesh.

She has been awarded a number of citations towards her contribution to teaching and diagnostics.

She has been an active member of the clinical chemistry bodies of India especially the Association of Medical
Biochemists of India and is a member of the Indian Society of Nephrology and Haematology. She is a
member of the Technical Committee and a Lead Assessor of National Accreditation Board for Calibration and
Testing Laboratories (NABL), India, for accreditation process to the standard 1ISO 15189:2007.

Topic : Laboratory Physicians' Perspective Of Plasma Cell Dyscrasias — the Indian Scenario

A plasma cell dyscrasias (monoclonal gammopathies) involves the laboratory in fields of hematology and
biochemistry to clinch the diagnosis.

At our hospital, a tertiary referral centre, the maximum number of references are from nephrology and
cardiology divisions followed by intensive care and neurology, the latter two being in the elderly age group.
The median age in the referrals is 60 years and there is a male predominance. Over the past couple of years
a younger age group between 40 to 50 years is presenting to the laboratory for a complete workup for plasma
cell dyscrasias.

The initial laboratory evaluation is either serum protein electrophoresis or immunofixation electrophoresis and
over the past 2 years serum light chain assay. Urine electrophoresis is mandatory when amyloidosis or free
light chain disease is suspected. Non secretory tumours which do not show significant laboratory evaluation
are subject for a trephine biopsy to yield tissue diagnosis with immunohistochemistry stains. Radiological
evaluation also plays a major role in evaluation. The clinical presentations which we encounter are mainly
renal impairment, anemia, electrolyte imbalance, hypercalcemia and cardiomyopathy. Monoclonal
Gammopathy of Undetermined Significance is prominent in our records followed by IgG kappa and 1gG
lambda.

Though of late, serum light chain have been of prognostic and diagnostic significance, the belief that it can do
away with electrophoresis and bone marrow studies is not very strong at this centre at present. A lot of
assays have shown a ratio alteration but no tissue or radiological findings or electrophoresis have shown a
monoclonal protein and hence these patients are subject to follow up at regular intervals. The belief in our
centre is that serum protein electrophoresis, immunofixation electrophoresis, serum light chains and bone
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marrow evaluation along with radiology should form an initial evaluation when ever plasma cell dyscrasias is
thought of.

Kazuhiko Kotani, MD, PhD; Research head, Department of Clinical Laboratory Medicine,
Jichi Medical University, Japan.

Profile : Kotani is one of the lead researchers about the measurements of oxidised lipoproteins in Japan. He
was graduated from Jichi Medical University, which has a mission to improve the rural medicine in Japan, so
he conducted the community medicine for postgraduate 10 years. He has also worked in lipid and
metabolism clinics, and have learned basic and clinical science in Research Institute of Diabetes and
Metabolic Disease, National Hospital Organization Kyoto Medical Centre (as a Visiting Director, Japan), and
Tottori University (as a Lecturer, Japan), as well as Glycation, Oxidation and Disease Laboratory, Toro
University-California, (as a Visiting Prof., USA). He has worked in Clinical Laboratory Medicine, Jichi Medical
University, since 2008. To date, he has developed various oxidized lipoprotein markers, and shown the
clinical significance of these markers. He was awarded several prizes on this topic (Japanese Society of
Laboratory Medicine, Japan Society of Clinical Chemistry, American Association for Clinical Chemistry, etc.).

Topic : The Potential of Oxidised Lipoproteins as an Atherosclerolic Biomarker

Cardiovascular disease (CVD), one of the atherosclerotic diseases, occurs frequently and remains the most
common cause of death in the world; therefore, a deeper understanding of the pathophysiology of CVD, more
sensitive and easier measurements of CVD risks in the clinical settings, and better development of preventive
strategies, are necessary in order to control the development of CVD. In addition to the quantitative levels of
low-density lipoprotein (LDL) cholesterol, much attention has been drawn to the qualitative features of LDL
particles as a risk factor for CVD. Whereas oxidative modification of LDL, a crucial step in atherogenesis,
occurs in the arterial sub-intimal space and oxidized LDL (oxLDL) is observed chiefly in arterial lesions, it has
also been shown to exist in the circulation, where it can become a surrogate marker of CVD. Serum amyloid
A-LDL (SAA-LDL) complex is currently considered as a novel oxLDL marker. There have been prior reports
using SAA-LDL measurements in patients with dyslipidemia, the metabolic syndrome and coronary artery
disease. These reports have shown that there are higher circulating SAA-LDL levels in the aforementioned
disease status and that a reduction in the levels can be achieved by intervention treatments including lifestyle
modifications and drugs such as highly purified eicosapentaenoic acid. Data also suggest a prognostic value
of SAA-LDL on cardiac events in patients with coronary artery disease. We will summarize the current data
that indicates the usefulness of SAA-LDL measurements as a potential biomarker for CVD. If possible, we
will talk about the other new types of oxidized lipoprotein markers.

Alton Ma, Senior Radiation Therapist, Holman Clinic, Hobart
Topic : Pineal Germinoma Case Study

Purpose:
This presentation aims to share knowledge on radiation treatment planning and delivery using intensity
modulated radiation therapy (IMRT) for a patient with a pineal germinoma. This tumour has incidence of
0.4%-3.4% of all intra-cranial tumours and is rarely seen in an adult.

Methodology:
This patient was planned for IMRT using Philips Pinnacle® (Version 8.0m) treatment planning system with
direct machine parameter optimization (DMPO). The treatment plan consisted of two phases, nine 6MV fields
for phase | and five 6MV fields for phase Il with 13 and 12 increments respectively, treating 1.80Gy per
increment in both phases.
The patient was treated with Varian Clinac iX with On-Board Imaging (OBI) version 1.4. The current
departmental imaging protocol is daily kV imaging (2D/2D).

Result/Discussion:
Though the shape of target volume in Phase | was very irregular, 9-field IMRT was capable of shaping the
isodose to conform to the CTV and limiting doses to critical structures as per table below:
The evenly spaced 9 fields beam arrangement resulted in a very homogeneous target dose distribution whilst
minimizing dose to hair follicles (maximum dose 20.6Gy). The patient was reviewed at least weekly by a
radiation oncologist/registrar. Mild headache, tiredness and loss of appetite were side effects reported by the
patient. The patient experienced some alopecia.

Conclusion:
This case has proven that IMRT is capable of generating very conformal dosimetry while minimizing dose to
adjacent tissues.
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Alternate beam arrangements might be considered such as non-coplanar technique which may further lower
the doses to the critical structures.

Though the maximum dose of hair follicle was low in this plan, the patient still experienced some hair loss.
The dose tolerance of hair follicles is questionable.

Joseph McConnell, Laboratory Director, Chief Medical Officer, and Co-founder of Health
Diagnostic Laboratory (HDL) Inc., in Richmond Virginia.

Profile : Dr. McConnell is currently the Laboratory Director, Chief Medical Officer, and Co-founder of Health
Diagnostic Laboratory (HDL) Inc., in Richmond Virginia. Health Diagnostic Laboratory is a national clinical
reference laboratory committed to personalized disease management with focus on identifying and reversing
the health risks associated with cardiovascular diseases, diabetes, metabolic syndrome and fatty liver
disease.

Until November of 2009, Dr. McConnell was an assistant professor in the Department of Laboratory Medicine
at Mayo Clinic. In that role he served for 12 years as the Director of Cardiovascular Laboratory Medicine, and
was the Chair of the Clinical Chemistry Fellowship Program at Mayo. He also held a joint appointment in the
Cardiovascular Diseases Section of the Division of Internal Medicine. Dr. McConnell graduated high school
Magna Cum Laude, received his Bachelors degree in Biology (with honors) from the University of Michigan in
1987, and completed Medical Technology training and certification (MT: ASCP) in 1988. Dr. McConnell
received his M.S. degree in Chemistry and Ph.D. degree in Clinical Chemistry from Cleveland State
University in 1990 and 1993 respectively. Dr. McConnell participated in the Clinical Chemistry Postdoctoral
Training Program at Mayo Clinic from 1993 to 1995 and upon completion joined the faculty at Indiana
University School of Medicine, where he served as associate director of the Special Coagulation Laboratory
at Indiana University Medical Center. He was recruited back to the Mayo Clinic in 1998 to serve as Director
of Cardiovascular Laboratory Medicine. He was on the faculty of the Mayo Graduate School of Medicine until
November of 2009 when he left Mayo to establish Health Diagnostic Laboratory, Inc. in Richmond Virginia.

Dr. McConnell has been active in the American Association for Clinical Chemistry (AACC), participating as
Chair of the Lipoproteins and Vascular Diseases Division in 2006 and 2007 and as past chair in 2008 and
2009. He has been a delegate to the Midwest section for 4 years and served as the Chair for the AACC
House of Delegates in 2009. He has also participated as a member of several other AACC committees.

Dr. McConnell’s primary research interest is in the field of atherosclerosis, specifically the use of novel risk
factors to identify individuals at increased risk for developing cardiovascular disease and events, with a focus
on prevention. Dr. McConnell has co-authored more than 80 manuscripts in the peer-reviewed scientific
literature.

Topic : Cardiovascular Risk Profiling

Prof. Raymond Playford, Dean of the Faculty of Health Science, University of Tasmania.

Profile : Ray has recently joined UTas as Dean of the Faculty of Health Science. He was previously Vice
Principal for NHS liaison and external relations at Queen Mary University of London in addition to being
Professor of Medicine at Barts and the London Hospital. His previous roles include being Head of
Gastroenterology Section at Imperial College London and also formally Professor of Gastroenterology,
University of Leicester, UK 1996-2000. He was awarded the British Society of Gastroenterology Sir Francis
Avery Jones Research Medal 1995 and has also been a member of BSG Council. His main clinical interests
are Berrett's oesophagus, peptic ulceration and inflammatory bowel disease. Main research interests are
importance of growth factors in gut health and disease and the use of bioactive natural products to prevent
and treat gut injury.

Topic : Mechanisms of Intestinal Repair & Growth Factors in Inflammatory Bowel Disease

Peptide growth factors are a fascinating group of molecules with diverse effects. Recent developments have
allowed us to gain much greater into their pathophysiological functions. In addition, the development of
recombinant peptide technology, monoclonal antibody production and artificial small molecule receptor
agonists and inhibitors now allows us to use these factors for the treatment of multiple conditions including
gastrointestinal malignancy (particularly colonic carcinoma) , short bowel syndrome (where factors such as
growth hormone, EGF and glucagon like peptide 2 show particular promise), and inflammatory bowel
disease. This presentation provides a broad overview of where research in this area is heading and the
pitfalls that need to be considered
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Dr Phil Roberts-Thomson, Director of Cardiology, Royal Hobart Hospital.

Profile : Phil is a staff specialist in cardiology at the Royal Hobart Hospital. He is a graduate of the University
of Tasmania and trained in cardiology in Adelaide before completing a PhD at Flinders University. He
undertook further research and clinical training at the University of lowa before returning to Hobart in 1999 to
a conjoint appointment with the Royal Hobart Hospital, the University of Tasmania and the newly collocated
Hobart Private Hospital. He is an interventional cardiologist and has been involved in clinical research that
has included studies on AF, acute and chronic coronary artery disease, and heart failure.

Topic : Dabigatran in Atrial Fibrillation

Atrial Fibrillation (AF) is a frequent and often challenging problem for clinicians and their patients. The
symptoms of AF are highly variable and consequently management needs to be individualised according to
the patient’s symptoms and comorbidities. AF has an adverse prognosis which is largely related to the
presence of specific comorbidities, many of which contribute to the aetiology of AF. Thromboembolic
complications of AF, in particular stroke, are a major part of the adverse prognosis of AF; and are a stochastic
effect. Risk calculators for stroke complicating AF are in common use. Anticoagulant strategies can reduce
the risk of stroke but inevitably carry a risk of bleeding. Bleeding complications in turn are a random event, the
risk of which can be estimated. Several of the risk factors for stroke in AF are also risk factors for bleeding.
Large studies provide information to guide the use and effectiveness of stoke prevention in AF with aspirin
and warfarin. Alternative oral agents are now available for anticoagulation in AF, and have been studied in
large clinical trials. Dabigatran is the first of these to become available in Australia. It is also the first agent to
show superior effectiveness over warfarin in a trial of stroke prevention in AF. Aspects of the drug and its use
will be discussed.

Dr Hari S. Sharma, PhD, DSc, Institute for Cardiovascular Research, VUMC, University
Medical Centre, Amsterdam, The Netherlands

Profile : Hari Shankar Sharma, born at Kunwerpur in India obtained High School diploma in 1974 (with
Distinction) and further studied Biological Sciences at A.M. University, Aligarh and obtained BSc (with
Honours) and MSc in Biochemistry (with First Division). In 1980, he then joined V.P. Chest Institute, Delhi
University and received MPhil and PhD degrees in Biochemistry. After a short working experience as a
Biochemist at the Armed Forces Transfusion Centre, Delhi, he moved to Germany in 1985 to the prestigious
Max-Planck Institute (MPI) for Biophysical Chemistry, Goéttingen as a Post Doctoral fellow. In 1988, he
accepted a junior group leader position at the MPI for Experimental Cardiology in Bad Nauheim where he
worked for 5 years prior to move to the Netherlands in 1993 as a faculty at the Erasmus University Medical
Centre, Rotterdam and established a research group on Cardiopulmonary Molecular Biology. Currently, he is
the senior staff member at the Free University Medical Centre, Amsterdam. He is a visiting Professor to the
Leuven University, Belgium and CSM Medical University, Lucknow, India. In 2005, he has been awarded DSc
degree for his work on 'Angiogenesis and Tissue Remodeling in the Heart and Lung Diseases'. Dr. Sharma’s
area of research include: ‘Role of growth factors/cytokines/vasoactive agents (FGF, PDGF, TGF B, ET-1,
ANG-Il, VEGF, IL-1B3, serotonin etc in the pathogenesis of cardio-pulmonary diseases. Dr. Sharma has
obtained a number of research grants, published 136 papers and cloned several genes including porcine
VEGF and FGF-1. He has teaching experience of more than 20 years for Molecular and Cell Biology,
Pharmacology and Laboratory Techniques to medical/Master/PhD students. He has supervised 10 MD/MSc
and 9 PhD students for their theses. He has organized 17 international conferences/symposia and delivered
168 invited lectures worldwide. Dr. Sharma has been bestowed with numerous awards/medals including
young Investigator Award of the International Society of Hypertension, Distinguished Service Award of Heart
Care Foundation of India, Medal of Merit of the International Academy of Cardiovascular Sciences and
Masters of Indo-European Intervention Council. Dr. Sharma serves as editor, editorial board member and
referee for many reputed journals and funding agencies. He is a member of several Indian, European and
International scientific societies.

Topic: Role of Angiogenesis in Airway Remodelling during Asthma and COPD

Chronic lung diseases, such as asthma and COPD are associated with airway remodeling, caused by
epithelial shedding, airway smooth muscle (ASM) hyperplasia and hypertrophy and vascular changes. We
have shown that different growth factors and cytokines result in differential gene expression and secretion of
various proinflammatory cytokines and vascular endothelial growth factor (VEGF), an angiogenic molecule in
cultured human ASM cells. To assess the role of airway smooth muscle (ASM) in bronchial angiogenesis and
remodeling, we investigated the production of VEGF in ASM cells in relation to mediators of asthma, such as,
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IL-1B, TNF-a, TGF-B, ANG Il and ET-1. Time dependent release of VEGF protein in the conditioned medium
was observed which in its turn induced proliferation and growth of pulmonary artery endothelial cells. We
further investigated the effects of nitric oxide (NO) pathway on the pro-inflammatory cytokine; Interleukin-13
(IL-1pB) induced expression and secretion of VEGF and PIGF from cultured porcine airway smooth muscle
cells (PASMC). PASMC cultures were generated by enzymatic digestion of bronchial smooth muscle and
maintained in DMEM. Serum deprived (for 48h) PASMC were stimulated with IL-1B (5 ng/ml), IL-1p + N"-
nitro-L-arginine methyl ester (L-NAME, 2 mM), IL-1B + L-arginine (10 mM) and IL-1 + L-NAME + L-arginine
for 4 and 24 h. NO synthase inhibitor (L-NAME) was used 1h prior to IL-1p incubation in all experiments. IL-13
induced expression (1.8 fold vs control) of VEGF mRNA (quantitative RT-PCR) was attenuated by L-NAME
(1.1 fold vs serum deprived control cells) and augmented by L-arginine (3.8 fold vs control) at 4h. L-NAME
inhibited the secretion of VEGF (1208 vs 723 pg/ml) and PIGF (25 vs 5 pg/ml) (assessed by ELISA) in
conditioned media of IL-1p treated PASMC at 4 and 24 h, respectively. Treatment of PASMC with IL-1p and
L-arginine resulted in further increase in VEGF (1816 vs 783 pg/ml) but not of PIGF in conditioned media. By
restoring NO pathway (L-arginine treatment) in L-NAME treated cells led to elevated (2.2 fold) expression of
VEGEF.

In another set of experiments, we employed cyclical strain using a Flexer Strain Unit (0.5 seconds stretch and
0.5 seconds relaxation; frequency 1Hz) to the human ASMC cultured on a collagen coated BioFlex plates.
Protein profile using cytokine antibody arrays revealed enhanced stretch induced release of direct/indirect
angiogenic molecules; vascular endothelial growth factor (VEGF), Angiogenin, interleukin (IL)-6 and IL-8 (2-5
fold) from cultured HASM cells. VEGF secretion, assessed by ELISA, was significantly higher after 8h
(p<0.02) and 24h (p<0.001) as compared to controls. Western blot analysis showed robust phosphorylation of
ERK1/2 after 15 min and Akt; P-Thr-Akt (p<0.001) and P-Ser-Akt (p<0.004) after 30 min of cyclical stretch.
Respective blockers for Akt, ERK1/2 and Rho pathways revealed significant inhibition of VEGF release only
with ERK1/2 inhibitor, U0261 after 8 h. Furthermore, cyclical stretch induced significant release of IL-6
(p<0.05) and IL-8 (p<0.01) after 24 h, which was blocked by inhibitors of ERK1/2 and RhoA/ROCK pathways
at 8h.

Taken together, our findings suggest that a cytokine cascade involving mainly IL-6, IL-8 and VEGF operates
in hyper contractile human ASM cells where NO pathway may modulate VEGF signaling during airway
inflammation and subsequently contributing to bronchial angiogenesis and airway remodeling in patients with
asthma and COPD.

James Sharman, Senior Research Fellow and Head, Blood Pressure Research Group,
Menzies Research Institute Tasmania.

Profile : Jim completed his undergraduate and Honours degree at the University of Tasmania. His PhD was
at The University of Queensland, with most studies conducted at the Wales Heart Research Institute, Cardiff,
UK. He holds an NH&MRC Biomedical Career Development Award to investigate the clinical application of
arterial pressure waveform analysis and has published >70 research papers in the field of blood pressure.

Topic : Blood Pressure : What are you measuring and why ?

The most common method to assess blood pressure is with inflation of a cuff at the upper arm. This method
was introduced more than 100 years ago and is used to diagnose hypertension and determine the effect of
therapy. Blood pressure values acquired by this method are used to indicate the pressure load experienced
by the organs. However, recent evidence does not support this assumption, and the consequences of this
may include inappropriate assessment of risk related to blood pressure. The aim of this presentation is to
provide a detailed explanation of the pitfalls and problems, as well as the underlying physiology, associated
with measuring arm cuff blood pressure. New methods to assess blood pressure control will also be
presented.

Assoc Prof. Yahya Shehabi, Associate Professor, School of Medicine, University New
South Wales, Medical Director, Acute Complex and Community Care Clinical Services
Program and Director Intensive Care Services & Research, Prince of Wales Hospital,
Sydney.

Profile : Yahya graduated in 1979 with his MBBS from the University of Jordan In 1988 he was awarded
Fellowship from the Australian and New Zealand College of Anaesthesia and became a Fellow of the Faculty
of Intensive Care in 1989. He is Foundation Fellow of the recently formed College of Intensive Care Medicine.
He has an Executive Masters of Business Administration from the University of Technology Sydney (2003)
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and a Graduate Diploma of the Australian Institute of Company Directors (2007). He is currently the Chairman
of the Intensive Care Foundation of ANZ.

Topic : Use of Procalcitonin as a Biomarker of Infection and Sepsis

Systemic infections and sepsis are a leading cause of mortality in critically ill intensive care patients
worldwide. Whilst it is essential that antibiotics are started early in this patient population, the indiscriminate
and inappropriate lengthy use of antibiotics is unwarranted. Antimicrobials are one of the most common types
of drugs prescribed for patients admitted intensive care. The daily defined dose (DDD) of antimicrobials in the
Western Intensive Care population in 2008 — 2009 was 1650 DDD per 1000 occupied bed days much higher
than that in hospital words. Beside the cost associated with the use of antimicrobials and the potential for
patients to develop side effects due to their use, there is also a particular concern that widespread antibiotic
use is contributing to the emergence of higher levels of antibiotic resistance and hospital acquired infections.

Clinicians are used to the conventional indicators of bacterial infection and sepsis to decide when to start and
when to stop antibiotic therapy. Conventional biomarkers, such as white cell count, C-reactive protein (CRP)
and systemic inflammatory response are very unhelpful. More targeted biomarkers like Tumour Necrosis
Factor (TNF) and the Interleukins, IL6 and IL10, are neither independently sensitive nor specific for
diagnosing infection.

Procalcitonin (PCT) has recently been utilized as a biomarker for bacterial infections and sepsis. PCT has fast
kinetics and can be measured as soon as 2 hours after the onset of infection, has a half-life of 20-24 hours
and highly stable in serum or plasma in vivo, and therefore daily blood sampling is adequate. It has a very
high negative predictive value and reasonable positive predictive value.

Recently a number of studies have looked at the utilization of PCT measurements to guide antibiotic therapy
compared with conventionally guided antibiotic therapy. These studies show that the patients randomized to
have PCT guided therapy had less chance of being prescribed antibiotics, received antibiotics for a shorter
time with shorter ICU stay and a reduced cost of care compared to those who received conventionally guided
antibiotic therapy with no increased risk for adverse outcomes.

While a randomized controlled studies are currently underway in Europe and Australasia evaluating the
efficacy of PCT in reducing antibiotic usage in ICU. A PCT guided decision making algorithm may improve
the accuracy and appropriateness of antibiotic prescribing which may lead to a potential reduction in
inappropriate antibiotic usage, and possible reduction in hospital acquired infections (HAI) including multi-
resistant micro organisms (MRQO’s). It could also be of significant cost benefit.

Swapan Sinha, Calcutta Medical College, University of Calcutta.

Profile : Professor and Head Dept of Pathology since 1995. Chairman of PG Council for Pathology, Assessor
Medical Council of India since 2004, Assessor of National Accrediatation Board for Laboratories since 2006.
Member selection board for recruitment of Professors/Assoc Professors & Consultants in Pathology since
1999

Chaired and delivered CME lectures on atleast 100 scientific conferences, published more than 65 papers in
indexed journal, written six chapters in four books on Medical Sciences; taken more than 80 PG(MD)
examinations in Pathology; giuded/coguided/adjudicated more than 250 thesis. Worked as Consultant
Haematologist at PMGH, PNG and Gabourne State General Hospital Gabourne and attended Hemophilia
Conference at Goldcoast Australia in Oct, 1995 and received training in coagulation disorders at RBH
Brisbane under J Rowell in Oct, 1995 .Awarded Fellow in Pathology at AFMC Pune in 2004 and Fellow Ind
Soc of Hematology and TM at JIPMER 2008.

Topic : Hematological Aberrations in HIV/AIDs Patients in NE India

Haematological aberrations are quite common in HIV/AIDS patients. Primary marrow failure, Cytomegalovirus
infection, B19 parvo virus, deranged iron metabolism, B12 deficiency, haemolysis may lead to anaemia.
Neutropenia is relatively common in HIV infection. Lymphocytopenia due to enhanced apoptosis of CD4 and
CD8 cells. Thrombocytopenia may be due decreased survival, immune destruction, and primary marrow
failure. HIV infected endothelial cells may lead to thrombotic thrombocytopenic purpura.

117 HIV seropositive patients were subjected to haematological evaluation at ART Centre, N.B.Medical
Collage, Darjeeling. 106 (90.6%) fulfilled CDC criterion of AIDS. Age ranged from 3-64 yrs; 75 males and 42
females. Their clinical, radiological and serological status of HBV, HCV, VDRL, Mantoux test, CD4 count was
collected. EDTA samples were taken for haemogram, Reticulocyte% and ESR.

The results showed anemia in 47(43.9%), Leukocytopenia in 14 (13.1%), Thrombocytopenia in 8(7.5%),
Pancytopenia in 3(2.8%), Neutropenia in 3 (2.8%), Eosinophilia in 10(8.5%) and raised ESR in 95(81.2%).
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Anaemia (Hb<10gms/dl), Neutropenia (ANC<1,000/cu/.mm), Thrombocytopenia (50,000/cu.mm.) are poor
prognostic parameter.
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Topic : Intravitreal Ranibizumab Treatment for Neovascular AMD in a Regional Clinical Setting.
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Topic : A Primer on Epigenetics
The study of genetics is revolutionising medical care, with targeted molecular therapies and use of genetic

tests to determine an individual’s predisposition to disease becoming increasingly prevalent. Genetic research
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involves investigation of how changes in the DNA sequence, or genotype, affect gene expression and cell
fate. Recently parallel field of research, epigenetics, has emerged as a vital determinant of cell phenotype and
cellular fate. Epigenetics, literally “above genetics,” is the study of how hereditable, non-genetic alterations
may bring about changes in gene expression. Such phenotype changes without a correspond genotypic
modification are fundamental to the development of multicellular organisms, where every hepatocyte and
neuron share a common genetic code, yet are each specialised to a specific function. Following development
epigenetic modifications continue to play a fundamental role in human health with well recognised
involvement in the process of carcinogenesis. Furthermore, medications targeted against epigenetic
modifications have proven value as chemotherapeutic agents. This introductory level presentation will cover
the basic mechanisms of epigenetic modification, their relevance to human disease and clinical application.

Steven van der Werf
Topic : A Study on the Pre-operative Fasting Plasma Glucose levels and Glycated Haemoglobin and
the Post-operative Outcome of Elective Surgery
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for Vascular Events
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ABSTRACT

BACKGROUND

In patients who have vascular disease or high-risk diabetes without heart failure,
angiotensin-converting—enzyme (ACE) inhibitors reduce mortality and morbidity
from cardiovascular causes, but the role of angiotensin-receptor blockers (ARBs)
in such patients is unknown. We compared the ACE inhibitor ramipril, the ARB
telmisartan, and the combination of the two drugs in patients with vascular disease
or high-risk diabetes.

METHODS

After a 3-week, single-blind run-in period, patients underwent double-blind random-
ization, with 8576 assigned to receive 10 mg of ramipril per day, 8542 assigned to
receive 80 mg of telmisartan per day, and 8502 assigned to receive both drugs (com-
bination therapy). The primary composite outcome was death from cardiovascular
causes, myocardial infarction, stroke, or hospitalization for heart failure.

RESULTS
Mean blood pressure was lower in both the telmisartan group (a 0.9/0.6 mm Hg
greater reduction) and the combination-therapy group (a 2.4/1.4 mm Hg greater
reduction) than in the ramipril group. At a median follow-up of 56 months, the pri-
mary outcome had occurred in 1412 patients in the ramipril group (16.5%), as
compared with 1423 patients in the telmisartan group (16.7%; relative risk, 1.01;
95% confidence interval [CI], 0.94 to 1.09). As compared with the ramipril group,
the telmisartan group had lower rates of cough (1.1% vs. 4.2%, P<0.001) and angio-
edema (0.1% vs. 0.3%, P=0.01) and a higher rate of hypotensive symptoms (2.6%
vs. 1.7%, P<0.001); the rate of syncope was the same in the two groups (0.2%). In the
combination-therapy group, the primary outcome occurred in 1386 patients (16.3%;
relative risk, 0.99; 95% CI, 0.92 to 1.07); as compared with the ramipril group, there
was an increased risk of hypotensive symptoms (4.8% vs. 1.7%, P<0.001), syncope
(0.3% vs. 0.2%, P=0.03), and renal dysfunction (13.5% vs. 10.2%, P<0.001).

CONCLUSIONS

Telmisartan was equivalent to ramipril in patients with vascular disease or high-
risk diabetes and was associated with less angioedema. The combination of the two
drugs was associated with more adverse events without an increase in benefit.
(ClinicalTrials.gov number, NCT00153101.)
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ANDOMIZED, CONTROLLED TRIALS IN-

volving about 150,000 patients have con-

vincingly demonstrated that angiotensin-
converting—enzyme (ACE) inhibitors reduce rates
of death, myocardial infarction, stroke, and heart
failure among patients with heart failure,® left
ventricular dysfunction,?+ previous vascular dis-
ease alone,>7 or high-risk diabetes.®? ACE inhibi-
tors do not block the production of all angioten-
sin II, so direct receptor blockade might be more
effective. ACE inhibitors reduce bradykinin degra-
dation, which enhances vasodilatation, but in-
crease the rates of angioedema and cough. In pa-
tients with heart failure, angiotensin II levels may
increase and symptoms worsen, despite the use
of ACE inhibitors.® The use of an angiotensin-
receptor blocker (ARB), as compared with placebo,
reduced the rate of death or hospitalization for
heart failure in patients with a low ejection frac-
tion and heart failure who either could not toler-
ate an ACE inhibitor'® or were already receiving
one.'112 As compared with beta-blockers, ARBs
also reduced vascular events in high-risk patients
with hypertension and left ventricular hypertro-
phy.13 Nevertheless, in other high-risk popula-
tions, the role of ARBs as an alternative or in ad-
dition to ACE inhibitors to prevent cardiovascular
outcomes is not known.

We evaluated whether the ARB telmisartan
was not inferior to the ACE inhibitor ramipril
and whether a combination of the two drugs was
superior to ramipril alone as a treatment to pre-
vent vascular events in high-risk patients who had
cardiovascular disease or diabetes mellitus but did
not have heart failure. We used a dose of ramipril
that had previously been shown to be effective
for this outcome.

METHODS

STUDY DESIGN
The design of the study has been described previ-
ously.* We enrolled patients with coronary, periph-
eral, or cerebrovascular disease or diabetes with
end-organ damage. Patients who could not toler-
ate ACE inhibitors were randomly assigned to
receive either telmisartan or placebo in a parallel
trial.}* Detailed eligibility critetia have also been
described previously'* (for details, see the Sup-
plementary Appendix, available with the full text
of this article at www.nejm.org). The primary ob-
jectives of our study were to determine the effec-
tiveness of 80 mg of telmisartan daily, as com-

pared with 10 mg of ramipril daily. If the
noninferiority of telmisartan was demonstrated,
we would test the superiority of telmisartan over
ramipril. We would also determine whether the
combination of the two drugs was more effective
than ramipril alone in reducing the composite
outcome of death from cardiovascular causes,
myocardial infarction, stroke, or hospitalization
for heart failure.

The main secondary outcome was a compos-
ite of death from cardiovascular causes, myocar-
dial infarction, or stroke, which was the primary
outcome in the Heart Outcomes Prevention Evalu-
ation (HOPE) trial.> Other secondary outcomes
were new heart failure, diabetes mellitus, atrial
fibrillation, dementia or cognitive decline, ne-
phropathy, and revascularization procedures.
Other outcomes were death from any cause or
from noncardiovascular causes, angina, transient
ischemic attack, development of left ventricular
hypertrophy, microvascular complications of di-
abetes, changes in blood pressure or in the ankle-
to-arm ratio of blood pressure, and new cancers.

National coordinators and clinical monitors
supervised the recruitment of patients at 733 cen-
ters in 40 countries. The trial was coordinated and
data were gathered and analyzed by the Popula-
tion Health Research Institute at McMaster Uni-
versity and Hamilton Health Sciences, with coor-
dinating suboffices at Oxford University and the
University of Auckland. The steering committee
designed and oversaw the trial. An operations
committee, with representatives from the three
coordinating centers and the sponsor (Boehringer
Ingelheim), met regulatly to evaluate progress.

All main study outcomes (death according to
any cause, myocardial infarction, stroke, and hos-
pitalization for heart failure) were adjudicated by
a central committee whose members were un-
aware of study-group assignments, with the use
of standard criteria.’* All serious adverse events
were reviewed by an independent data and safety
monitoring board.

The initial draft of the manuscript was writ-
ten by Dr. Yusuf and the writing committee, who
vouch for the data, with input from the steering
committee. The protocol was approved by regu-
latory authorities and the ethics review commit-
tee at each participating institution.

RUN-IN PERIOD AND RANDOMIZATION
After written informed consent was obtained, pa-
tients entered a single-blind run-in period in which
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TELMISARTAN, RAMIPRIL, OR BOTH IN HIGH-RISK VASCULAR DISEASE

they received 2.5 mg of ramipril once daily for
3 days, followed by 40 mg of telmisartan and 2.5
mg of ramipril once daily for 7 days and then 5 mg
of ramipril plus 40 mg of telmisartan for 11 to
18 days. Of the 29,019 patients who entered the
run-in period, 3399 (11.7%) were excluded from
the study: 1123 (3.9%) had poor compliance, 597
(2.1%) withdrew from the study, 492 (1.7%) had
symptomatic hypotension, 223 (0.8%) had an el-
evated potassium level, 64 (0.2%) had an elevated
creatinine level, 872 (3.0%) had other reasons for
exclusion, and 27 (0.1%) died.

A total of 25,620 patients underwent random-
ization and were stratified according to site with
the use of permuted blocks through a central auto-
mated telephone service. For the first 2 weeks after
randomization, 8542 patients were assigned to
receive 80 mg of telmisartan once daily, 8576 were
assigned to receive 5 mg of ramipril once daily,
and 8502 were assigned to receive a combination
of the two drugs (combination therapy). After
2 weeks, the dose of ramipril was increased to
10 mg per day. Follow-up visits occurred at
6 weeks, at 6 months, and then every 6 months
until the last scheduled visit.

INTERIM ANALYSIS AND DATA MONITORING

An independent data and safety monitoring board
of cardiologists, statisticians, and clinical-trial ex-
perts met twice yearly; three formal interim anal-
yses were conducted when 25%, 50%, and 75%
of the events accrued. A modified Haybittle—Peto
approach?s guided decisions (i.e., a boundary of
4 SD in the first half of the trial and 3 SD in the
second half for efficacy; for safety, if boundaries
of 3 SD and 2 SD, respectively, were crossed in a
second analysis 4 to 6 months later, it would trig-
ger consideration of stopping).

STATISTICAL ANALYSIS
The number of patients was based on the rate
of death from cardiovascular causes, myocardi-
al infarction, stroke, or hospitalization for heart
failure associated with ramipril in the HOPE tri-
al, in which the Kaplan—Meier estimate for the
primary outcome was 0.0397 per year. A determi-
nation of noninferiority required a hazard ratio
for telmisartan as compared with ramipril that
was below a predefined margin, with most of
ramipril’s effect, as compared with placebo, re-
tained by telmisartan.

The margin was determined by the results of
the HOPE trial, in which the hazard ratio with

10 mg of ramipril, as compared with placebo,
was 0.775 for a composite outcome of death
from cardiovascular causes, myocardial infarc-
tion, stroke, or hospitalization for heart failure;
this was similar to the hazard ratios in other
studies comparing ACE inhibitors with place-
bo.57 We chose the 40th percentile (0.794) as a
more robust reference to describe the effect of
ramipril. The relative risk was translated into an
excess risk for placebo as compared with ramipril
0f 1.26. Thus, a margin of 1.13 ensured that telmi-
sartan retained at least half the effect of ramipril,
if the upper limit of the one-sided 97.5% confi-
dence interval for the hazard ratio was less than
this value. We also evaluated whether the com-
bination of telmisartan plus ramipril was supe-
rior to ramipril alone.

We tested both hypotheses using group se-
quential tests with a one-sided type I error of
0.025, with three planned interim analyses. If one
of the two comparisons did not reject the null
hypothesis, the other comparison needed an alpha
of 0.0125. The original planned sample size of
7800 patients who were followed for a mean of
4,5 years provided a power of 93% for the supe-
riority hypothesis, if the hazard ratio was 0.87.
For noninferiority, the expected power was 89%,
for a hazard ratio of 1.00.

The primary analysis used a time-to-event ap-
proach, counting the first occurrence of any com-
ponent of the composite outcome, and included
all randomized patients. All reported P values
(other than for noninferiority) are two-sided. Con-
sistency of treatment effects in prespecified sub-
groups was explored by the Cox regression model,
with tests for interaction.’6” We performed a
sensitivity analysis according to the protocol by
censoring data from patients who took the study
drugs for less than 50% of the study period.

RESULTS

CHARACTERISTICS OF THE PATIENTS
Characteristics of the 25,620 patients who under-
went randomization were similar in the three
study groups (Table 1); 27% were women, 85%
had cardiovascular disease, 69% had hyperten-
sion, and 38% had diabetes. A high proportion of
patients had previously received proven therapies:
statins (61.6% at baseline, increasing to 70.6% by
the end of the study), antiplatelet therapy (80.9%
and 77.5%, respectively), beta-blockers (56.9% and
56.9%), and diuretics (28.0% and 32.5%).
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Table 1. Baseline Characteristics of the Patients.*
Ramipril Telmisartan Combination Therapy
Characteristic (N=8576) (N =8542) (N=8502)
Age —yr 66.4+7.2 66.4+7.1 66.5+7.3
Blood pressure — mm Hgt 141.8+17.4/82.1+10.4 141.7+17.2/82.1+10.4  141.9x17.6/82.1+10.4
Heart rate — beats/min 67.9x12.2 68.0£12.3 67.7£12.2
Body-mass index: 28.1+4.5 28.1+4.6 28.0+4.5
Cholesterol — mmol/liter
Total 4.9+1.1 4.9£1.1 5.0+1.2
LDL 2.9:1.0 2.9+1.0 2.9:1.0
HDL 1.3+0.4 1.3+0.4 1.3£0.4
Triglycerides — mmol/liter 1.7£1.1 1.7£1. 1.7£1.1
Glucose — mmol/liter 6.7+2.6 6.7£2.5 6.7+2.6
Creatinine — pmol/liter 93.5+22.8 93.8+22.8 93.8+22.8
Potassium — mmol/liter 4.4+0.4 4.4+0.4 4.4+0.5
Female sex— no. (%) 2331 (27.2) 2250 (26.3) 2250 {26.5)
Ethnic group — no. (%)§
Asian 1182 (13.8) 1172 (13.7) 1167 (13.7)
Arab 102 (1.2) 106 (1.2) 106 (1.2)
African 206 (2.4) 215 (2.5) 208 (2.4)
European 6273 (73.1) 6213 (72.7) 6222 (73.2)
Native or aboriginal 747 (8. ) 756 (8.9) 728 (8.6)
Other ethnic group 64 (0.7 77 (0.9) 69 (0.8)
Missing data 2 (<0. 1) 3(<0.1) 2 (<0.1)
Clinical history — no. (%)
Coronary artery disease 6382 (74.4) 6367 (74.5) 6353 (74.7)
Myocardial infarction 4146 (48.3) 4214 (49.3) 4189 (49.3)
Angina pectoris
Stable 3039 (35.4) 2958 (34.6) 2960 (34.8)
Unstable 1257 (14.7) 1296 (15.2) 1264 (14.9)
Stroke or transient ischemic attacks 1805 (21.0) 1758 (20.6) 1779 (20.9)
Peripheral artery disease 1136 (13.2) 1161 (13.6) 1171 (13.8)
Hypertension 5918 (69.0) 5862 (68.6) 5827 (68.5)
Diabetes 3146 (36.7) 3246 (38.0) 3220 (37.9)
Left ventricular hypertrophy 1085 (12.7) 1120 (13.1) 1082 (12.7)
Microalbuminuriaq 929 (13.1) 923 (13.2) 929 (13.3)
Previous procedures — no. {%)
Coronary-artery bypass grafting 1862 (21.7) 1920 (22.5) 1393 (22.3)
Percutaneous transluminal coronary 2527 (29.5) 2476 (29.0) 2434 (28.6)
angioplasty
Smoking status — no. (%)
Current smoker 1062 (12.4) 1062 (12.4) 1101 (12.9)
Past smoker 4463 (52.0) 4468 (52.3) 4345 (51.1)
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Table 1. {Continued.)
Ramipril Telmisartan Combination Therapy
Characteristic (N=8576) (N=8542) (N=8502)
Medication — no. (%)
Statin 5234 (61.0) 5294 (62.0) 5255 (61.8)
Beta-blocker 4847 (56.5) 4860 (56.9) 4876 (57.4)
Aspirin 6473 (75.5) 6469 (75.7) 6461 (76.0)
Clopidogrel or ticlopidine 927 (10.8) 966 (11.3) 931 (11.0)
Antiplatelet agent 6903 (80.5) 6926 (81.1) 6898 (81.1)
Diuretic 2454 (28.6) 2359 (27.6) 2351 (27.7)
Calcium-channel blocker 2821 (32.9) 2787 (32.6) 2864 (33.7)

#* Plus—minus values are means +SD. HDL denotes high-density lipoprotein, and LDL low-density lipoprotein.
T A total of 13,386 patients had a systolic blood pressure of more than 140 mm Hg.
i Body-mass index is the weight in kilograms divided by the square of the height in meters.

§ Ethnic group was self-reported.

9 The percentage is based on 21,074 patients who underwent baseline urinary analysis: 7073 patients in the ramipril
group, 7013 patients in the telmisartan group, and 6988 patients in the combination-therapy group.

FOLLOW-UP AND ADHERENCE

A total of 25,577 patients (99.8%) were followed
until a primary event occurred or until the end of
the study (median, 56 months). Among patients
in the ramipril group, 92.2% were taking an ACE
inhibitor and 1.0% were taking an ARB at 1 year,
with respective proportions of 89.4% and 1.8% at
2 years, 87.5% and 2.0% at 3 years, 86.6% and
2.4% at 4 years, and 84.7% and 3.3% at the end
of the study. Among patients in the telmisartan
group, 93.9% were taking an ARB and 2.6% were
taking an ACE inhibitor at 1 year, with respective
proportions of 91.2% and 4.2% at 2 years, 89.3%
and 4.6% at 3 years, 87.7% and 5.0% at 4 years,
and 85.6% and 6.4% at the end of the study.
Among patients in the combination-therapy group,
85.5% received both drugs, 2.8% received an ACE
inhibitor only, and 3.5% received an ARB only at
1 year; the respective proportions were 81.5%,
4.2%, and 4.8% at 2 years; 78.7%, 4.5%, and 5.4%
at 3 years; 76.8%, 4.7%, and 5.7% at 4 years; and
73.6%, 6.0%, and 6.4% at the end of the study.
The proportion of patients receiving the full
dose of ramipril at 2 years was 81.7% in the
ramipril group and 75.3% in the combination-
therapy group. The proportion of patients receiv-
ing the full dose of telmisartan at 2 years was
88.6% in the telmisartan group and 84.3% in
the combination-therapy group. The study drug
was discontinued by 2029 patients (23.7%) in the
ramipril group and 1796 (21.0%) in the telmisat-
tan group. In the combination-therapy group, 1929

patients (22.7%) discontinued both drugs, and an
additional 566 (6.7%) stopped taking one drug.

The most important reasons for permanent
discontinuation of a study drug are summarized
in Table 2. More patients discontinued ramipril
(either as monotherapy or with telmisartan) be-
cause of cough or angioedema than discontinued
telmisartan alone. In the combination-therapy
group, an increased number of patients stopped
taking a study drug because of hypotensive symp-
toms, syncope, diarthea, or renal impairment, as
compared with the ramipril groups.

BLOOD PRESSURE, POTASSIUM, AND CREATININE

Before the run-in period, the mean blood pres-
sure was 141.8/82.1 mm Hg. At 6 weeks, the mean
blood pressure was reduced by 6.4/4.3 mm Hg in
the ramipril group, by 7.4/5.0 mm Hg in the tel-
misartan group, and by 9.8/6.3 mm Hg in the
combination-therapy group. Patients in the telmi-
sartan group and the combination-therapy group
continued to have slightly lower blood-pressure
levels throughout the study period (average reduc-
tions, 0.9/0.6 mm Hg and 2.4/1.4 mm Hg, respec-
tively) than did patients in the ramipril group. The
numbers of patients who had a doubling of the
creatinine level were similar in the three groups
(159 in the ramipril group, 170 in the telmisartan
group, and 180 in the combination-therapy group).
The numbers of patients who had an increase in
the potassium level of more than 5.5 mmol per
liter were similar in the ramipril group (283 pa-
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Table 2. Discontinuation of Study Medications and Selected Reasons for Permanent Discontinuation.*
Combination
Ramipril Telmisartan Therapy Combination Therapy
Variable (N=8576) (N=8542) (N=8502) Telmisartan vs. Ramipril vs. Ramipril
Relative Risk P Value Relative Risk P Value
number (percent)
Total no. of discontinuations| 2099 (24.5) 1962 (23.0) 2495 (29.3) 0.94 0.02 1.20 <0.001
Reason for permanent discon-
tinuation
Hypotensive symptoms 149 (1.7) 229 (2.7) 406 (4.8) 1.54 <0.001 2.75 <0.001
Syncope 15 (0.2) 19 (0.2) 29 (0.3) 1.27 0.49 1.95 0.03
Cough 360 (4.2) 93 (1.1) 392 (4.6) 0.26 <0.001 1.10 0.19
Diarrhea 12 (0.1) 19 (0.2) 39 (0.5) 1.59 0.20 3.28 <0.001
Angioedema 25 (0.3) 10 (0.1) 18 (0.2) 0.4 0.01 0.73 0.30
Renal impairment 60 (0.7) 68 (0.8) 94 (1.1) 1.14 0.46 1.58 <0.001

* There were no predefined criteria for each of the adverse events listed. Reasons listed are those provided by the investigator for the discon-

tinuation of study drug.

+ A patient could have multiple discontinuations, since patients were encouraged to restart study medications whenever possible after discon-

tinuation.
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tients) and the telmisartan group (287 patients),
but the number was significantly higher in the
combination-therapy group (480 patients, P<0.001
for the comparison between the combination-
therapy group and the ramipril group).

PRIMARY OUTCOMES AND DEATH
The primary outcome occurred in 1412 patients
(16.5%) in the ramipril group, in 1423 patients
(16.7%) in the telmisartan group, and in 1386 pa-
tients (16.3%) in the combination-therapy group
(Fig. 1 and 2 and Table 3). The upper boundary of
the confidence interval (1.09) for the relative risk
of the primary outcome in the telmisartan group
as compared with the ramipril group was sig-
nificantly lower than the predefined noninferior-
ity boundary of 1.13 (P=0.004). However, the
lower boundary of the confidence interval (0.94)
indicates that telmisartan was not superior to
ramipril. The secondary outcome — death from
cardiovascular causes, myocardial infarction, or
stroke — occurred in 1210 patients (14.1%) in
the ramipril group and in 1190 patients (13.9%)
in the telmisartan group (relative risk, 0.99; 95%
confidence interval {CI], 0.91 to 1.07; P=0.001 for
noninferiority). The results were consistent for
all components of the primary outcome. Combi-
nation therapy was not significantly better than
ramipril alone (relative risk, 0.99; 95% CI, 0.92 to
1.07). Adjustments for the small differences in

blood pressure did not materially alter the results
for the primary outcome (relative risk for telmi-
sartan vs. ramipril, 1.02; 95% CI, 0.95 to 1.10;
relative risk for combination therapy vs. ramipril,
1.00; 95% CI, 0.93 to 1.07).

There was no significant difference in the to-
tal number of deaths between the ramipril group
and the telmisartan group (1014 deaths and 989
deaths, respectively; relative risk in the telmisar-
tan group, 0.98; 95% CI, 0.90 to 1.07); the number
of deaths was higher in the combination-therapy
group than in the ramipril group (1065 deaths vs.
1014 deaths; relative risk in the combination-ther-
apy group, 1.07; 95% CI, 0.98 to 1.16), but the dif-
ference was not siginificant. Analyses of the cause
of death did not indicate significant differences
with respect to any particular cause (data not
shown).

SECONDARY AND OTHER OUTCOMES
There were no significant differences in the rates
of secondary outcomes (Table 4), except for renal
dysfunction, which occurred in 871 patients (10.2%)
in the ramipril group, 906 patients (10.6%) in the
telmisartan group, and 1148 patients (13.5%) in
the combination-therapy group. As compared with
the ramipril group, the telmisartan group had a
similar relative risk of renal impairment (1.04),
whereas the combination-therapy group had a
significant increase in the relative risk (1.33,
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P<0.001). The rate of renal dialysis was the same
in the ramipril group and the telmisartan group,
with 48 patients (0.6%) and 52 patients (0.6%),
respectively, undergoing dialysis, whereas the rate
was increased in the combination-therapy group,
with 65 patients (0.8%) undergoing dialysis (P=0.10
for the comparison with the ramipril group).

SUBGROUP ANALYSES
Comparisons of key subgroups showed similar
results between the ramipril group and the telmi-
sartan group (Fig. 3A) and between the ramipril
group and the combination-therapy group (Fig.
3B). The results for both comparisons were also
consistent in analyses that were adjusted for the
patients’ use of various concomitant drugs {e.g.,
statins, antiplatelet agents, beta-blockers, diuretics,
and calcium-channel blockers) (data not shown).

PER-PROTOCOL ANALYSIS
For the primary outcome with telmisartan as com-
pared with ramipril, the per-protocol analysis
showed a relative risk of 1.00 (95% CI, 0.92 to
1.09; P=0.006 for noninferiority). Analyses com-
paring combination therapy with ramipril showed
results similar to those of the intention-to-treat
analysis (relative risk, 0.98; 95% CI, 0.90 to 1.07).

DISCUSSION

ACE inhibitors have been convincingly shown to
reduce rates of death, myocardial infarction,
stroke, heart failure, and revascularization among
patients with previous cardiovascular disease and
high-risk diabetes. Therefore, to provide clini-
cally relevant information, trials evaluating ARBs
in these patients must include proven doses of an
ACE inhibitor, either as background therapy or as
a compatrator.

In our study, we evaluated both approaches in
a population similar to the one studied in the
HOPE trial. Telmisartan was clearly not inferior
to ramipril for both the prespecified primary out-
come of death from cardiovascular causes, myo-
cardial infarction, stroke, or hospitalization for
heart failure and for the primary outcome in the
HOPE trial (death from cardiovascular causes,
myocardial infarction, or stroke). Similarities in
the telmisartan group and the ramipril group in
the proportions of patients who had heart fail-
ure, underwent revascularization, or had renal
dysfunction (outcomes that were reduced by
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Figure 1. Kaplan—Meier Curves for the Primary Outcome in the Three Study
Groups.

The composite primary outcome was death from cardiovascular causes,
myocardial infarction, stroke, or hospitalization for heart failure.

Relative Risk {95% Cl) P value
Primary composite outcome i 0.003
Main secondary outcome H <0.001

0.8 0.9 1.0 11 12

Telmisartan Better  Ramipril Better

Figure 2. Relative Risk of the Primary Outcome and of the Main Secondary
Outcome.

The primary composite outcome was death from cardiovascular causes,
myocardial infarction, stroke, or hospitalization for heart failure. The main
secondary outcome was death from cardiovascular causes, myocardial in-
farction, or stroke, which was used as the primary outcome in the Heart
Outcomes Prevention Evaluation (HOPE) trial.* The P value is for the com-
parison with the noninferiority margins.

ramipril in the HOPE trial) and the high rates of
adherence to both drug regimens provided ad-
ditional confidence in establishing the noninfe-
riority of telmisartan. As compared with the
ramipril group, the telmisartan group had sig-
nificantly fewer episodes of cough or angioede-
ma, but this benefit was partially offset by higher
rates of hypotensive symptoms (but not syncope).
Higher rates of hypotension-related symptoms
are consistent with the slightly lower blood-pres-
sure levels associated with telmisartan, although
the lower levels did not lead to further benefit. The
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Table 3. Incidence of the Primary Outcome, Its Components, and Death from Any Cause.

Outcome

Strokei

Myocardial infarctiong:

Death from any cause

Ramipril Telmisartan
(N=8576) (N=8542)
number (percent)
Death from cardiovascular causes, myo- 1412 (16.5) 1423 (16.7)
cardial infarction, stroke, or hos-
pitalization for heart failure*
Death from cardiovascular causes, myo- 1210 (14.1) 1190 (13.9)
cardial infarction, or stroket
413 (4.8) 440 (5.2)
405 (4.7) 369 (4.3)
Hospitalization for heart failure} 354 (4.1) 394 (4.6)
Death from cardiovascular causes 603 (7.0) 598 (7.0)
Death from noncardiovascular causes 411 (4.8) 391 (4.6)
1014 (11.8) 989 (11.6)

Combination Therapy

Telmisartan vs. Combination Therapy

(N=28502) Ramipril vs. Ramipril
risk ratio (95% Cl)

1386 (16.3) 1.01 (0.94-1.09) 0.9 (0.92-1.07)

1200 (14.1) 0.99 (0.91-1.07)  1.00 (0.93-1.09)
438 (5.2) 1.07 (0.94-122)  1.08 (0.94-1.23)
373 (4.4) 0.91 (0.79-1.05) 0.93 (0.81-1.07)
332 (3.9) 112 (0.97-1.29)  0.95 (0.82-1.10)
620 (7.3) 1.00 (0.89-1.12)  1.04 (0.93-1.17)
445 (5.2) 0.96 (0.83-1.10) 1.10 (0.96-1.26)

1065 (12.5) 0.98 (0.90-1.07)  1.07 (0.98-1.16)

* Patients could have multiple events in this category. The numbers of events were 2058 (24.0%) in the ramipril group, 2042 (23.9%) in the
telmisartan group, and 2000 (23.5%) in the combination-therapy group. The differences were not significant (P=0.83 for telmisartan vs.
ramipril, and P=0.38 for combination therapy vs. ramipril).

 This composite was the primary outcome in the Heart Outcomes Prevention Evaluation (HOPE) trial.®

1 Patients could have multiple events in this category. The category includes both fatal and nonfatal events.

Table 4. Secondary and Other Outcomes.

Outcome

Any heart failure

Revascularization
Hospitalization for angina
Worsening or new angina

New diagnosis of diabetes*

New atrial fibrillation
Renal impairments}

Renal failure requiring dialysis

Ramipril Telmisartan ~ Combination Therapy ~ Telmisartan vs. Combination Therapy
(N=8576) (N=8542) (N=8502) Ramipril vs. Ramipril
number (percent) relative risk (95% Cl)

1269 (14.8) 1290 (15.1) 1303 (15.3) 1.03 (0.95-1.11) 1.04 (0.97-1.13)
925 (10.8) 954 (11.2) 952 (11.2) 1.04 (0.95-1.14) 1.04 (0.95-1.14)
567 (6.6) 536 (6.3) 538 (6.3) 0.95 (0.84-1.07) 0.96 (0.85-1.08)
366 (6.7) 399 (7.5) 323 (6.1) 1.12 (0.97-1.29) 0.91 (0.78-1.06)
514 (6.0) 537 (6.3) 478 (5.6) 1.05 (0.93-1.19) 0.94 (0.83-1.07)
570 (6.9) 550 {6.7) 537 (6.5) 0.97 (0.86-1.09) 0.96 {0.85-1.07)
871 (10.2) 906 (10.6) 1148 (13.5) 1.04 (0.96-1.14) 1.33 (1.22-1.44)§

48 (0.6) 52 (0.6) 65 (0.8) 1.09 (0.74-1.61) 1.37 (0.94-1.98)

* The numbers of patients included in this analysis were 5427 in the ramipril group, 5294 in the telmisartan group, and 5280 in the combina-

tion-therapy group.
+ This category includes only patients who did not have atrial fibrillation at baseline: 8296 in the ramipril group, 8259 in the telmisartan

group, and 8218 in the combination-therapy group.
1 No specific definitions were used. A determination of renal impairment was based on the clinical investigator's report of an event that led to

the discontinuation of a study drug.

§ P<0.001.
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benefits of ARBs are being evaluated in three
other placebo-controlled trials that are expected
to be completed in 2008.241819

Our results parallel the findings of the
Valsartan in Acute Myocardial Infarction Trial
(VALIANT),2° which established the noninferior-
ity of valsartan, as compared with captopril, in

patients with left ventricular dysfunction or heart
failure after myocardial infarction. The upper
boundaries of the confidence intervals and the
noninferiority margins were almost identical in
the two studies, even though they enrolled differ-
ent patient populations. The side effects in our
study were similar to those in the VALIANT study,
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which showed lower rates of cough and angio-
edema in the valsartan group than in the capto-
pril group but higher rates of hypotension-related
symptoms. There were more dose reductions (but
not discontinuations) because of renal complica-
tions in the valsartan group than in the captopril
group, an association that was not observed in
our study.

In order to establish noninferiority, a rigorous
trial design is required that includes a patient
population similar to that in the reference trial,
a similar drug regimen, high adherence rates, out-
comes that the comparator is known to affect, and
high statistical power to exclude clinically impot-
tant differences. All these criteria were satisfied
in our study. The entry criteria for our study and
the event rates in the ramipril group were simi-
lar to those in the HOPE trial, with high follow-
up rates in both trials. Moreover, the adherence
rate was higher in the ramipril group (89.4% at
2 years and 84.7% at the end of the study among
patients receiving either ramipril or an open-label
ACE inhibitor) than that in the HOPE trial (85.0%
and 78.8%, respectively). A sensitivity analysis that
was restricted to patients who adhered to their
allocated drug regimen for more than 50% of
the study period showed the consistency of our
results and confirmed the robustness of nonin-
feriority.

In our study, we confirmed the statistical
noninferiority of telmisartan, as compared with
ramipril, since the upper boundary of the 97.5%
confidence interval (1.09) was lower than the
predefined margin of 1.13 for both the primary
outcome (P=0.004) and the primary outcome
used in the HOPE trial (P=0.001). Telmisartan
preserved about 95% (95% CI, 83.2 to 106.3) of
the benefits of ramipril over placebo with respect
to the primary outcome and preserved 105%
(95% CI, 91.6 to 119.0) of the benefits with re-
spect to the outcome of death from cardiovascu-
lar causes, myocardial infarction, or stroke that
were observed in the HOPE trial. Use of the meth-
od of Hasselblad and Kong?* to impute effects of
telmisartan versus placebo (based on the bene-
fits of ramipril over placebo in the HOPE trial)
indicates a relative risk of 0.79 (95% CI, 0.70 to
0.89) for the primary outcome. The number of
patients who discontinued therapy was signifi-
cantly smaller in the telmisartan group than in
the ramipril group, although the absolute differ-
ence in the discontinuation rate was modest, be-

cause we used an active run-in phase that selected
patients for randomization only if they tolerated
both medications. After randomization, we vig-
orously reinforced adherence and encouraged pa-
tients who stopped medications to restart them.
In clinical practice, the rates of discontinuation
might be higher.

We also evaluated whether the combination of
telmisartan and ramipril (with both drugs target-
ed to the full dose) would be superior to ramipril
alone. Surprisingly, despite a reduction in systolic
blood pressure of 2 to 3 mm Hg in the combina-
tion-therapy group, as compared with the ramipril
group — a decrease that should have translated
into a risk reduction of 4 to 5% — no significant
benefit was seen in the primary outcome among
patients receiving the two-drug therapy. However,
combination therapy significantly increased the
risk of hypotension, syncope, renal dysfunction,
and hyperkalemia, with a trend toward an in-
creased risk of renal dysfunction requiring dialy-
sis. These results are similar to the analysis of the
combined effects of an ARB and an ACE inhibi-
tor, as compared with an ACE inhibitor alone, in
four previous trials.?? Therefore, even though com-
bination therapy had a larger biologic effect (as
suggested by greater blood-pressure lowering and
changes in potassium), dual blockade did not pro-
duce any additional clinical benefit in this popu-
lation.

In this regard, our results are also similar to
those of the VALIANT study, in which the com-
bination of a full dose of captopril plus valsartan
(the latter at a dose of 80 mg per day, which was
lower than the 160 mg per day used in the val-
sartan-only group) did not significantly reduce
the occurrence of the primary outcome but did
increase hypotension.?® Taken together, these two
studies showed no additive effect for an ARB in
conjunction with a full dose of a proven ACE in-
hibitor.

However, our findings contrast with those of
two other studies. In the Candesartan in Heart
Failure: Assessment of Reduction in Mortality and
Morbidity (CHARM) study,*? which involved pa-
tients who had symptomatic heart failure and had
been hospitalized in the previous 6 months, can-
desartan, when added to existing therapy with
any ACE inhibitor used at variable doses (with less
than half the patients receiving full doses), was
superior to placebo in reducing death or hospi-
talization for heart failure. Similarly, a reduction
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A
Incidence of Primary
No. of Outcome in Ramipril P Value for
Subgroup Patients Group (%) Relative Risk (95% Cl) Interaction
Primary composite 17,118 16.5
Cardiovascular disease 0.79
Yes 15,627 16.8
Ne 1,486 13.1
Systolic blood pressure 0.10
<134 mm Hg 5,704 16.2 —_—
>134 to <150 mm Hg 6,042 14.9 —
>150 mm Hg 5,352 184 o .
Diabetes 0.97
Yes 6,391 20.7
No 10,722 14.0 I
HOPE risk score 0.21
=<3.677 5,751 10.1 e
>3.677 to =4.090 5,620 15.0 R
>4.090 5,747 244 -
Age 0.65
<65 yr 7,319 13.0 —
=65 to <75 yr 7,310 17.3 —
=75 yr 2,489 24.2 —_—
Sex 0.68
Male 12,537 16.7
Female 4,581 15.8 ———’4.——:;
Of7 1:0 133
Telmisartan Better  Ramipril Better
B
Incidence of Primary
No. of Outcome in Ramipril P Value for
Subgroup Patients Group (%) Relative Risk (95% Cl) Interaction
Primary composite 17,078 16.5
Cardiovascular disease 0.82
Yes 15,589 16.8
No 1,484 13.1
Systolic blood pressure 0.64
<134 mm Hg 5,714 16.2 —
>134 to <150 mm Hg 6,019 14.9 —.——
>150 mm Hg 5,329 18.4 —_———
Diabetes 0.15
Yes 6,365 20.7 —
No 10,708 14.0 ——
HOPE risk score 0.97
=<3.677 5,676 10.1 _——
>3.677 to <4.090 5,570 15.0 _—
>4.090 5,832 244 —
Age 0.75
<65 yr 7,362 13.0 _—
=265 to <75 yr 7,177 17.3 ——
275 yr 2,539 242 _—
Sex 0.82
Male 12,497 16.7
Female 4,581 15.8 —i
Of7 110 ;11.3
Ramipril plus Ramipril Better
Telmisartan Better
1556 N ENGLJ MED 358,15 WWW.NEJM.ORG APRIL 10, 2008

Downloaded from www.nejm.org on March 31, 2008 . For personal use only. No other uses without permission.
Copyright © 2008 Massachusetts Medical Society. All rights reserved.

'Copyright Agency I:muted
' licensed copy .



TELMISARTAN, RAMIPRIL, OR BOTH IN HIGH-RISK VASCULAR DISEASE

Figure 3 (facing page). Relative Risks in Prespecified
Subgroups.

Shown are the comparisons between the telmisartan
group and the ramipril group (Panel A) and between
the combination-therapy (telmisartan plus ramipril)
group and the ramipril group (Panel B). The risk score
from the Heart Outcomes Prevention Evaluation
(HOPE) trial® ranges from 2.350 to 5.928, with higher
scores indicating higher risk. The sizes of the squares
are proportioned to the numbers of events.

in hospitalization for heart failure was observed
in the Valsartan Heart Failure Trial,** which com-
pared valsartan with placebo in patients with
heart failure, with about 90% of patients receiv-
ing background therapy with ACE inhibitors at
variable doses. Both trials differed from both our
study and the VALIANT study in that decisions
regarding the dose and choice of an ACE inhibi-
tor were left to individual physicians, and there
was no attempt to titrate the ACE inhibitor to the
maximum dose. Furthermore, patients had symp-
tomatic heart failure despite receiving an ACE in-
hibitor.

The lack of an additional benefit of a substan-
tial lowering of blood pressure is puzzling, both

any potential gains. Further information is ex-
pected regarding the role of ARBs as compared
with placebo in patients after stroke,® in high-
risk patients with vascular disease who are un-
able to tolerate an ACE inhibitor,* and in pa-
tients with atrial fibrillation.?

In conclusion, our data show that in patients
who have vascular disease or high-risk diabetes
but do not have heart failure, telmisartan is an
equally effective alternative to ramipril and is less
likely to cause angioedema. The choice between
the two agents will depend on the preferences of
patients and physicians and the individual patient’s
susceptibility to specific adverse events. There is
no additional advantage (and there is some harm)
from the combination of telmisartan and ramipril
used in full doses in this population, as compared
with ramipril alone.
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in our study and in the VALIANT study. These
results may have been due to previous successful
treatment of patients with other drugs so that
little further clinical benefit was possible with
the addition of full doses of multiple drugs that
block the renin-angiotensin system. Alternatively,
some harm from combined therapy with ACE in-
hibitors and ARBs used at full doses may offset
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Results of Treatment With Telmisartan-
Amlodipine in Hypertensive Patients
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This randomized 4x4 factorial study determined
the efficacy and safety of telmisartan (T) plus
amlodipine (A) in hypertensive patients. Adults
(N=1461) with stage 1 or 2 hypertension
(baseline blood pressure [BP]: 153.2[12.1]/
101.7[4.3] mm Hg) were randomized to 1 of 16
treatment groups with T 0, 20, 40, 80 mg and A
0, 2.5, 5, 10 mg for 8 weeks. In-clinic BP reduc-
tions were greater with combination therapy than
respective monotherapies. The greatest least-
square mean systolic/diastolic BP reductions were
observed with T80 mg plus A10 mg
(-26.4/-20.1 mm Hg; P<.05 compared with
both monotherapies). BP control was also great-
est in the T80-mg plus A10-mg group (76.5%
[overall control] and 85.3% [diastolic BP
control]), and BP response rates >90% with this
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combination. Peripheral edema was most
common in the A10-mg group (17.8%); however,
this rate was notably lower when A was used in
combination with T: 11.4% (T20/A10), 6.2%
(T40/A10), and 11.3% (T80/A10). J Clin Hyper-
tens (Greenwich). 2009;11:207-213. ©2009 Wiley
Periodicals, Inc.

he majority of hypertensive patients, espe-

cially those with target organ damage, are
likely to require multiple drug therapy in order to
reach blood pressure (BP) targets and reduce their
risk of adverse vascular outcomes.’” The ratio-
nale for combination therapy with agents that
block the renin-angiotensin-aldosterone system
(RAAS) and a calcium channel blocker (CCB)
or diuretic is well founded.”™ Recent landmark
studies, such as the Avoiding Cardiovascular
Events Through Combination Therapy in
Patients Living With Systolic Hypertension
(ACCOMPLISH) and the Anglo-Scandinavian
Cardiac Outcomes Trial-Blood Pressure Lowering
Arm (ASCOT-BPLA), have demonstrated the
antihypertensive benefits associated with angio-
tensin- convertmg enzyme (ACE) inhibitor/CCB
combinations.*” More recently, the combination
of an angiotensin receptor blocker (ARB), such as
valsartan or olmesartan and amlodipine have
been introduced and tested in stage 1 and 2
hypertensive patients as well as those not
controlled by monotherapy.®*% Besides the
increased antihypertensive efficacy, the addition
of an RAAS blocker has been shown to reduce
the incidence of amlodipine-related edema.
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Telmisartan has a different pharmacokinetic pro-
file when compared with other ARBs,'* and there
are few studies examining telmisartan/CCB combi-
nations in hypertensive patients.'*

Against this background, the aim of the current
study was to determine the clinical and safety pro-
file of telmisartan (20-80 mg) plus amlodipine
(2.5-10 mg) in stage 1 or 2 hypertension, and to
establish the optimal doses using a rigorous facto-
rial design involving 9 telmisartan-amlodipine com-
binations.

METHODS
Study Design
This was an 8-week, randomized, double-blind,
double-dummy, placebo-controlled, international,
multicenter, parallel-group, 4x4 factorial design
trial that evaluated the efficacy and safety of telmi-
sartan 20, 40, or 80 mg plus amlodipine 2.5, 5, or
10 mg in adults with hypertension (trial registra-
tion; NCT00281580). Patients were recruited from
150 centers in the United States, South Africa,
Mexico, Argentina, and Brazil. The trial was
conducted in accordance with the Declaration of
Helsinki (1996), and was approved by each partici-
pating country’s health authority and institutional
review board or an independent ethics committee.
Following screening and a 21- to 28-day, single-
blind, placebo run-in period, eligible patients were
randomized to 1 of 16 treatment groups involving
either telmisartan 20, 40, 80 mg or telmisartan pla-
cebo and/or amlodipine 2.5, 5, 10 mg or amlodi-
pine placebo for 8 weeks. All patients randomized
to a treatment group containing amlodipine 10 mg
started with amlodipine 5 mg for the first 2 weeks
and were then up-titrated to the higher dosage.
Trial drug was taken orally as 3 tablets and 2 cap-
sules with water at 8 am (1 hour). If a dose was
missed, the patient was instructed to take the next
dose as scheduled.

Participants and Medication Restrictions

Patients were men and women aged 18 years and
older with stage 1 or 2 hypertension according to the
Seventh Report of the Joint National Committee on
Prevention, Detection, Evaluation, and Treatment of
High Blood Pressure (JNC 7) diastolic BP ranges™
(diastolic BP >95 mm Hg and <119 mm Hg) at
baseline. Diastolic BP was chosen as this was the
standard inclusion criteria used for drug approvals at
the time the trial commenced. Consequently, change
in diastolic BP was chosen as the primary end point.
There were no inclusion criteria relating to systolic
BP, and a change in systolic BP was included as a
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secondary end point as per protocol. All patients
provided written informed consent prior to participa-
tion. Patients with prespecified renal or hepatic dis-
orders, congestive heart failure (New York Heart
Association class III or IV), clinically relevant cardiac
arrhythmias (as determined by the investigator’s clin-
ical judgment on a patient-by-patient basis), severe
obstructive coronary artery disease, unstable diabetes
(glycated hemoglobin A;. >10%), or any other con-
dition that would not allow for safe completion of
the protocol were excluded, as were nightshift work-
ers, pregnant or nursing women, and women of
childbearing potential not using medically approved
means of contraception. Patients with known hyper-
sensitivity to any component of the trial drugs, prior
angioedema due to an ACE inhibitor or ARB, or
those with a history of drug or alcohol dependency
within the 6 months prior to signing the informed
consent, were also excluded. Any antihypertensive or
concomitant medications known to affect BP were
not permitted during the study.

Assessments

Seated cuff BP and pulse rate were measured in the
clinic prior to randomization, after 2 weeks of
treatment, and then periodically until the end of
the study. BP was recorded to the nearest 2 mm Hg
using standard equipment, and the mean of 3 read-
ings (taken 2 minutes apart) was used for the final
measurement. Pulse rate was recorded during the
2-minute interval between the second and third BP
recording. The primary end point was change in
the in-clinic seated trough diastolic BP (ie, the dia-
stolic BP measured 20-30 hours after the last drug
dose from baseline to end of study [week 8]). Sec-
ondary efficacy end points included change from
baseline in the in-clinic seated trough systolic BP,
the percentage of patients achieving a diastolic BP
response (defined as diastolic BP <90 mm Hg or a
decrease in diastolic BP >10 mm Hg) or a systolic
BP response (defined as systolic BP <140 mm Hg
or a decrease in systolic BP >15 mm Hg) after
8 weeks of treatment, and the percentage of
patients achieving BP control (defined as diastolic
BP <90 mm Hg and systolic BP control <140
mm Hg) and diastolic BP control (<90 mm Hg)
following treatment.

All adverse events that occurred after the first
dose of randomized study drug until the follow-up
visit, and adverse events that occurred up to 1 day
after treatment discharge were defined as on-treat-
ment. Adverse events were classified using the
Medical Dictionary for Regulatory Activities
(MedDRA) Version 10. Laboratory tests were con-
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ducted at screening, baseline, and end-of-study
visits, Twelve-lead electrocardiography was per-
formed at screening and at the end-of-study visit,
and a physical examination was performed at
screening. In addition, orthostatic changes in BP
(defined as a decrease in diastolic BP >10 mm Hg
and/or a decrease in systolic BP >20 mm Hg from
a seated to standing position) were documented.
Drug compliance was assessed by physical count of
returned trial medication at each visit.

Statistical Analysis

The statistical models were adjusted (1) for telmi-
sartan-by-amlodipine interaction (this first analysis
was designed to show whether there were signifi-
cant differences across the dosages of telmisartan or
amlodipine, but was not a comparison between the
2 agents); (2) by dosage, country/region, and base-
line BP as a covariate; and (3) for all combination
treatment groups vs respective monotherapies. Least
square means were used to quantify treatment
effects, and the mean squared error was used to
evaluate differences between combination therapy
and the respective monotherapies. Analysis of
covariance using the 3 statistical models was also
performed on the secondary end point of the change
from baseline in systolic BP. Responder rates were
evaluated using the Mantel-Haenszel test. A 2-sided
significance level of 0.05 was used when evaluating
the primary and all secondary end points.

The efficacy analyses were petformed on the full
analysis set, which consisted of all treated patients
with at least 1 trough BP measurement at the base-
line and at the target dosage. For the primary analy-
sis, the last observation following titration to the
randomized target dosage was used in evaluating the
change from baseline. The safety analyses were per-
formed on all patients who received at least 1 dose of
active treatment. The incidence of peripheral edema
in the amlodipine 10-mg monotherapy group was
compared with the 4 key combinations of telmisar-
tan 40 mg or 80 mg plus amlodipine 5 mg or 10 mg
in a post hoc analysis.

RESULTS

Population

A total of 2607 patients were enrolled in the study
between April 2006 and November 2006, and
1461 were randomized and treated for up to
8 weeks. The baseline demographics are shown in
Table L. A total of 1344 (92%) patients completed the
8-week trial. The efficacy analyses were performed on
all patients with a baseline value and at least 1 efficacy
measurement at target dose (n7=1423). The safety ana-
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Table I. Baseline Demographics and Clinical
Characteristics of Randomized Population
VARIABLES ToraL (N=1461)
Age, y 53.14+11.1
Males 737 (50.4)
Blood pressure, mm Hg
Systolic 153.2+12.1
Diastolic 101.7£4.3
Pulse rate, beats per minute 744+9.3
Race
Caucasian 1160 (79.4)
Black 237 (16.2)
Asian 64 (4.4)
Body mass index, kg/m? 31.3+6.4
Duration of hypertension
<1 year 211 (14.4)
1-5 years 444 (30.4)
>5 years 806 (55.2)
Previous antihypertensives used
0 307 (21.0)
1 ' 531 (36.3)
>2 623 (42.6)
Diabetes 238 (16.3)
Renal impairment® 12 (0.8)
Values are expressed as mean + standard deviation or
No. (%). *Renal impairment was defined as serum
creatinine >3.0 mg/d.

lysis was performed on all patients who received at
least 1 dose of study medication (#=1461). Compli-
ance with study medication was 98.4% with no
appreciable differences between the treatment groups.
A total of 117 patients (8%) prematurely discon-
tinued the study; the main reasons were adverse
events (n=38), consent withdrawn (n=27), lack of effi-
cacy (n=16), noncompliance (n=13), lost to follow-up
(n=10), and other (n=13).

Efficacy Assessments

Both telmisartan (irrespective of amlodipine dosage;
P<.0001) and amlodipine (irrespective of telmisar-
tan dosage; P<.0001) significantly lowered the in-
clinic trough diastolic BP, without evidence of
counterproductive telmisartan-by-amlodipine inter-
action at any dosage (not involving patients treated
with placebo; P=.1777).

As expected, the greatest least-square mean
reductions in in-clinic diastolic and systolic BP were
observed with combination therapy compared with
respective monotherapies (Figure 1). The greatest
overall reduction in BP was observed with the
telmisartan 80-mg plus amlodipine 10-mg combina-
tion (mean reduction in systolic BP/diastolic BP:
-26.4/-20.1 mm Hg; P<.05 vs both monothera-

THE JOURNAL OF CLINICAL HYPERTENSION

209



210

A TO T20mg T40mg T80mg
n= 46 48 137 124 42 4 45 40 129 47 14112 132 45 143 136
;6 g Bt
£
£
o
o
[=]
£
i=4
S
°
=}
a4
o)
4
§
o
=
BA0 BMA25mg MA5mg BA10mg
B TO T20mg T 40 mg T80mg

n= 46 48 137 124 42 44 45 40 129 47 141123 132 46 143 136

Mean Reduction in SBP (mm Hg)
o

F1A0 MA25mg BMASmg BA1OmMg

Figure 1. Effect of 8 weeks of treatment with telmisar-
tan (T) 0, 20, 40, 80 mg plus amlodipine (A) 0, 2.5, §,
10 mg on the change from baseline in the in-clinic
seated trough (A) diastolic blood pressure (DBP)

(mm Hg) or (B) systolic blood pressure (SBP)

(mm Hg). *P<.05 vs T monotherapy. 1P<.05 vs A
monotherapy. Data are least-square mean (SE) values
adjusted for dosage, country/region, and baseline
blood pressure.

pies). When the mean reductions in diastolic or sys-
tolic BP were analyzed according to baseline cate-
gories, the 4 key combinations (telmisartan 40 mg
or 80 mg plus amlodipine 5 mg or 10 mg) were all
shown to consistently reduce BP even in patients
with high baseline diastolic BP (>110 mm Hg)
(Figure 2A) and in patients with high baseline sys-
tolic BP (>160 mm Hg), achieving BP drops of
more than 20 mm Hg diastolic BP and more than
30 mm Hg systolic BP with the combinations of
telmisartan 40 mg or 80 mg and amlodipine 10 mg
(Figure 2B).

The proportion of patients with BP control
(diastolic BP <90 mm Hg and systolic BP <140
mm Hg) after 8 weeks of treatment is summarized
in Table II. More than 50% of all patients treated
with combination therapy achieved BP control, with
the highest percentages (76.5% [overall control]
and 85.3% [diastolic BP control]) being achieved by
patients treated with telmisartan 80 mg plus amlod-
ipine 10 mg. There was a clear relationship between
dose and responder rate (Table II). Diastolic BP
response and systolic BP response was achieved
by 91.2% and 90.4% of patients in the telmisartan
80-mg plus amlodipine 10-mg group, respectively.
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Safety Assessments

A total of 545 (37.3%) patients reported at least
1 adverse event during the 8-week study. When
analyzed by treatment groupings, the percentage
of patients reporting adverse events on specific
treatment was comparable: placebo (39.1%,
n=18), telmisartan monotherapy (36.8%, n=113),
amlodipine monotherapy (36.1%, n=115), and
combination therapy (37.9%, n=299) groups. The
most commonly reported adverse events were
headache (5.4%, n=79) and peripheral edema
(4.4%, n=65). Headache was more frequent in
the placebo group (10.9%, n=5) compared with
the telmisartan monotherapy (5.9%, n=18),
amlodipine monotherapy (6.0%, n=19), and
combination therapy (4.7%, n=37) groups. The
incidence of peripheral edema was highest in the
amlodipine 10-mg group (17.8%, n=23); however,
this rate was lower when amlodipine was used in
combination with telmisartan: 11.4% (telmisartan
20 mg/amlodipine 10 mg), 6.2% (telmisartan
40 mg/amlodipine 10 mg), and 11.3% (telmisar-
tan 80 mg/amlodipine 10 mg) (Figure 3). A total
of 6 patients (2 in the amlodipine 10-mg group
and 4 in the amlodipine 10-mg combination
groups) discontinued the trial as a consequence of
peripheral edema.

Drug-related adverse events were reported in
167 {11.4%) patients. These were lower in the tel-
misartan monotherapy group (6.5%, n=20) than in
the placebo (13.0%, n=6), amlodipine monotherapy
(12.2%, n=39), and combination therapy (12.9%,
n=102) groups. The most frequent drug-related
adverse events were peripheral edema (3.4%, n=50)
and headache (2.1%, n=31). Adverse events associ-
ated with excessive BP lowering were reported at
low rates in the placebo, telmisartan monotherapy,
amlodipine monotherapy, and combination therapy
groups; hypotension was reported in 0.0%, 0.0%,
0.0%, and 0.6%, respectively. There was no evi-
dence of any dose-related trends in orthostatic
changes (data not shown).

Serious adverse events were reported in 8
(0.5%) patients. Only one of the events (chest pain)
in a patient in the telmisartan 80-mg plus amlodi-
pine 2.5-mg group was considered related to study
drug. There was one fatality (respiratory choking
while eating dinner) during the study, which
occurred in a patient who had been using telmisar-
tan 80 mg. This was not considered drug-related
and was not associated with any other condition.
There were no clinically relevant changes on the
electrocardiogram, in pulse rate, or in routine labo-
ratory test results from baseline to end of study.
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Figure 2. Effect of 8 weeks of treatment with the combinations of telmisartan 40 mg (T40) or 80 mg (T80) plus
amlodipine 5 mg (AS) or 10 mg (A10) on the unadjusted mean change from baseline in the in-clinic trou%h (A)
diastolic blood pressure (DBP) (mm Hg) or (B) systolic blood pressure (SBP) (mm Hg) according to baseline blood

pressure categories.

DISCUSSION

As anticipated, significant in-clinic BP reductions
were observed following 8 weeks of treatment with
telmisartan plus amlodipine in this randomized
population of 1461 patients with stage 1 and 2
hypertension. Statistically significant reductions in
both in-clinic systolic BP and diastolic BP were
observed with the combinations of most clinical
interest (ie, telmisartan 40 mg or 80 mg plus
amlodipine 5 mg or 10 mg). There was evidence of
a dose effect as the greatest reduction in systolic
BP/diastolic BP (-26.4/-20.1 mm Hg; P<.05 com-
pared with each monotherapy) was observed with
telmisartan 80 mg plus amlodipine 10 mg. This
also resulted in the greatest percentage of patients
achieving BP control (76.5%) and diastolic BP con-
trol (85.3%). Diastolic BP and systolic BP responses
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were also high in the telmisartan 80-mg plus am-
lodipine 10-mg group (91.2% and 90.4%, respec-
tively).

These results are consistent with other factorial
studies where combination therapy with an ARB
(valsartan or olmesartan) and amlodipine were
more effective than respective monotherapies, in
lowering BP. Philipp and colleagues™® report find-
ings from 2 valsartan/amlodipine studies in which
1911 and 1250 patients were randomized to the
different treatments for 8 weeks. These studies
showed that both monotherapies contributed to the
overall efficacy of the combination and the biggest
reductions were attained with the highest dose
(valsartan 320 mg/amlodipine 10 mg). Similar
reductions of more than 25 mm Hg in systolic BP
and more than 18 mm Hg in diastolic BP were
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Table II. Effect of 8 Weeks of Treatment With Telmisartan Plus Amlodipine on Blood Pressure Response and Control Rates

(N=1423)

TREATMENT DBP Responsk, %°  SBP Responsg, %*  CoNTROL, %"  DBP ConTrOL, %°
Telmisartan 0 mg/amlodipine 0 mg 39.1 32.6 19.6 30.4
Telmisartan 20 mg/amlodipine 0 mg 64.3 64.3 40.5 54.8
Telmisartan 40 mg/amlodipine 0 mg 69.8 63.6 42.6 53.5
Telmisartan 80 mg/amlodipine 0 mg 78.0 65.2 41.7 60.6
Amlodipine 2.5 mg/telmisartan 0 mg 52.1 47.9 25.0 33.3
Amlodipine 5 mg/telmisartan 0 mg 67.9 73.0 42.3 52.6
Amlodipine 10 mg/telmisartan 0 mg 85.5 82.3 62.9 73.4
Telmisartan 20 mg/amlodipine 2.5 mg 90.9 84.1 52.3 75.0
Telmisartan 20 mg/amlodipine 5 mg 80.0 77.8 51.1 64.4
Telmisartan 20 mg/amlodipine 10 mg 92.5 87.5 70.0 85.0
Telmisartan 40 mg/amlodipine 2.5 mg 87.2 83.0 66.0 72.3
Telmisartan 40 mg/amlodipine 5 mg 80.9 88.7 58.9 71.6
Telmisartan 40 mg/amlodipine 10 mg 91.9 91.9 75.6 82.1
Telmisartan 80 mg/amlodipine 2.5 mg 73.9 76.1 56.5 69.6
Telmisartan 80 mg/amlodipine 5 mg 88.8 83.9 65.7 74.8
Telmisartan 80 mg/amlodipine 10 mg 91.2 90.4 76.5 85.3

“Diastolic blood pressure (DBP) <90 mm Hg or >10 mm Hg reduction; systolic blood pressure (SBP) <140 mm Hg or
>15 mm Hg reduction. bTrough DBP <90 mm Hg; trough SBP <140 mm Hg, “DBP <90 mm Hg.
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Figure 3. Incidence of peripheral edema (%) in the
amlodipine 10-mg (A10) group compared with
combinations (telmisartan 40 mg [T40] or 80 mg
[T80] plus amlodipine S mg [AS] or 10 mg). *P<.0S5.
**P<.0001 vs A10. TPooled for key combinations.

observed by Chrysant and colleagues,'® with the
highest dose of olmesartan and amlodipine (40 mg/
10 mg, respectively) in an 8-week factorial study in
1940 patients with higher baseline BP values.

The ACCOMPLISH study, which compared 2 dif-
ferent approaches of combination therapy suggests
that the combination of an ACE inhibitor with amlo-
dipine may provide better cardiovascular protection
than an ACE inhibitor and diuretic at similar levels of
BP control.>" Although cumulative, mounting evi-
dence supports the therapeutic equivalence between
ARBs and ACE inhibitors, there are no studies to date
that report the cardiovascular benefits of the combi-
nation of an ARB and a CCB. Nevertheless, the favor-
able tolerability profile of an ARB alone or in
combination makes them an appealing alternative to
ACE inhibitors.

THE JOURNAL OF CLINICAL HYPERTENSION

The safety analysis showed that the number
of patients experiencing an adverse event was
comparable between combination therapy (37.9%)
and the telmisartan (36.8%) and amlodipine
(36.1%) monotherapies. Retention and drug adher-
ence were high (92% and 98.4%, respectively).
However, as expected, amlodipine 10 mg was asso-
ciated with a high incidence of peripheral edema
(17.8%) compared with all dosages of telmisartan
monotherapy (range: 0.0%-0.8%). When telmisar-
tan (all dosages) was used in combination with
amlodipine 10 mg, the incidence of peripheral
edema was notably reduced: 6.2% (telmisartan
40 mg/amlodipine 10 mg) and 11.3% (telmisartan
80 mg/amlodipine 10 mg). Although CCB-induced
edema is not a new finding, the underlying mecha-
nism is still not fully understood. It may involve
pronounced vasodilation in precapillary vessels,
which could result in abnormal intracapillary pres-
sure or it could be linked to interference in local
vasodilator control.’®!” RAAS blockade is known
to attenuate this effect, possibly via normalization
of intracapillary pressure. However, the attenuation
of edema has not been observed with some
other combinations such as amlodipine plus

hydrochlorothiazide.'®

CONCLUSIONS

In conclusion, the findings in our study suggest that
the combination of telmisartan plus amlodipine is
associated with significant BP lowering after
8 weeks. The results of this factorial design study
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are in line with the observations from factorial stu-
dies of other ARB/amlodipine combinations. How-
ever, head-to-head studies are needed to determine
if the different pharmacokinetic profile of the indi-
vidual ARBs, eg the longest half-life of telmisartan,
are translated into clinically different pharmaco-
dynamic effects among the 3 ARB/amlodipine
combinations.

Overall, among the different combinations of tel-
misartan and amlodipine, it is clear that telmisartan
80 mg plus amlodipine 10 mg is the most effective
combination and when treatment decisions have to
take into consideration not only the antihypertensive
efficacy but also the peripheral edema rates, the tel-
misartan and amlodipine combinations offer a very
effective and tolerable option particularly in suscep-
tible patients that require combination therapy.
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Results of Treatment With Telmisartan-Amlodipine in Hypertensive Patients
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Section B of Figure 2 appearing on page 211 was missing Baseline SBP (mm Hg) data on the x-axis. The
correct figure is printed below:
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Figure 2. Effect of 8 weeks of treatment with the combinations of telmisartan 40 or 80 mg plus amlodipine S or

10 mg on the change from baseline in the in-clinic trough [A] diastolic blood pressure (mm Hg) or [B] systolic blood
pressure (mm Hg) according to baseline blood pressure categories. DBP, diastolic blood pressure; SBP, systolic blood
pressure; AS, amlodipine 5 mg; A10, amlodipine 10 mg; T40, telmisartan 40 mg; T80, telmisartan 80 mg.
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Effects of telmisartan and amlodipine in combination on
ambulatory blood pressure in stages 1-2 hypertension

William B. White? Thomas W. Littlejohn®,

Claudio R. Majul®, Willie O|gman

Rafael Olvera®, Mary Seeber!, Helmut Schumacherg and Giuseppe Mancia"

Background Evaluation of combination therapy with
antihypertensive agents by clinic blood pressure (BP)
measurements may vyield results that differ from out-of-
office BP readings. This is of clinical relevance because
out-of-office BP values are of prognostic importance.
We studied the effects of combining telmisartan and
amlodipine on ambulatory BP in patients with stages
1-2 hypertension.

Methods We conducted an 8-week, placebo-controlled,
double-blind, 4 x 4 factorial design trial in which

562 patients with clinic diastolic BP at least 95 and

119 mmHg or less were randomized to receive telmisartan
(0, 20, 40, or 80 mg) and/or amlodipine (0, 2.5, 5, or 10 mg).
Ambulatory BP monitoring was performed at baseline and
after 8 weeks of treatment; the end points of interest were
the changes from baseline in 24-h systolic and diastolic
BP. Secondary end points included the proportion of
responders ( > 10 mmHg BP reduction from baseline
and/or <130/80 mean 24-h BP) and controlled patients
(<130/80 mmHg mean 24-h BP).

Results Combination therapies of telmisartan and
amlodipine lowered 24-h BP to a larger extent than

the corresponding monotherapies at all doses. Mean
reductions from baseline in 24-h BP for the combination of
the highest doses of telmisartan (80 mg) and amlodipine
(10 mg) were -22.4/ ~14.6 versus -11.9/-6.9 mmHg for

Introduction

Since the publication of the Avoiding Cardiovascular
Events through Combination Therapy in Patients Living
with Systolic Hypertension (ACCOMPLISH) [1] in 2008
and the Anglo-Scandanavian Cardiac Outcomes Trials
Blood Pressure Lowering Arm (ASCOT-BPLA) [2], the
benefits of combined renin-angiotensin system blockade
with a calcium antagonist have become an attractive
combination therapy for patients with hypertension who
have cardiovascular comorbidities. The clinical benefit of
the combining of a renin—angiotensin system blocker and
calcium channel blocker includes additive BP control,
protection from both cardiac and cerebrovascular events,
and an excellent safety and tolerability profile [1].

Telmisartan, a long-acting angiotensin receptor blocker
(ARB) that has shown superior BP lowering effects in
trials of patients with hypertension.[3,4], is effective and

1359-5237 © 2010 Wolters Kluwer Health | Lippincott Williams & Wilkins

amlodipine (10mg) and -11.0/ - 6.9 mmHg for telmisartan
(80mg) (P<0.0001 for each comparison). In addition, BP
response and control rates (24-h BP <130/80 mmHg)
were significantly higher with the combination therapy
versus the monotherapy groups.

Conclusion These findings show that telmisartan and
amlodipine in combination provide substantial 24-h BP
efficacy that is superior to either monotherapy in patients
with stages 1 and 2 hypertension. Blood Press Monit
15:205-212 © 2010 Wolters Kluwer Health | Lippincott
Williams & Wilkins.
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used widely in the management of hypertension alone
and in combination with other classes of antihypertensive
therapies. In addition, telmisartan is approved in the US
for the reduction of cardiovascular risk in patients with
vascular disease who are intolerant of the angiotensin-
converting enzyme inhibitors and by the FEuropean
regulatory agencies for the reduction of cardiovascular
morbidity in patients with manifest atherothrombotic,
cardiovascular disease, or type 2 diabetes mellitus with
documented target organ damage. Amlodipine, a dihy-
dropyridine calcium antagonist with a long pharmaco-
dynamic action is also effective in the treatment of
hypertension and it has been extensively studied in both
hypertension control and cardiovascular outcome studies

[2,5].

This study evaluated the combinations of telmisartan and
amlodipine at various dose levels to determine whether

DOI: 10.1097/MBP.0b013e32833c5722
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the BP lowering effects of the combination therapy would
be superior to either monotherapy and to evaluate the
effects according to age, race, and baseline BP levels. The
focus of efficacy in this study was 24-h ambulatory BP in
approximately 40% of the patients from a larger, parent

trial [6] to more fully evaluate the combination of the two

therapies [7-9].

Methods

Study design

The trial was a randomized, double-blind, double-dummy,
placebo-controlled, 4 x4 factorial design trial (Trial
Registration: NCT00281580), which evaluated telmisartan
20, 40, or 80 mg in combination with amlodipine 2.5, 5, and
10 mg for 8 weeks of treatment. Following a 34 week,
single-blind, placebo run-in period, eligible patients with
hypertension were randomized to one of 16 treatment
groups for 8 weeks. The groups consisted of placebo,
monotherapies of telmisartan 20, 40, and 80mg, and
amlodipine 2.5, 5, and 10mg, and each of the nine com-
bination therapies of telmisartan and amlodipine doses. All
patients randomized to a treatment group containing 10 mg
of amlodipine started with amlodipine 5mg for the first
2 weeks and were then uptitrated to the higher dosage. Final
assessments were performed 8 weeks after randomization.

Patients

Patients were recruited from 108 centers in Argentina,
Mexico, South Africa and the US. Before initiation of the
study, all patients were informed of the details of the study
and signed consent forms approved by regional institutional
review boards. Approximately the first 50% of the rando-
mized patients in the parent study [6] underwent ambula-
tory BP monitoring (ABPM) evaluating the effects of trial
medication over the 24-h dosing interval at baseline and end-
of-study visits using a tracking system through the sponsor.
Men and women with hypertension were included if their
clinic diastolic BP was at least 95 and 119mmHg or
less. Exclusion criteria included: patients with known or
suspected secondary hypertension, clinically significant renal,
metabolic, hepatic, or psychiatric disorders, clinically relevant
or unstable cardiovascular diseases, unstable diabetes melli-
tus (HbAjc > 10% for over 3 months). In addition, night-
shift workers, pregnant or nursing women, and women of
childbearing potential not using medically approved means of
contraception were excluded from study participation. Any
antihypertensive or concomitant medications known to affect
BP were not permitted during the study.

Biood pressure monitoring assessments

Ambulatory BP and heart rate measurements were
obtained with the Spacelabs 90207 monitor (Issaquah,
Washington, USA). Quality criteria used for an acceptable
ambulatory BP recording included (i) a minimum of 18
hourly means available within 24 h after monitor hookup,
(ii) no more than three consecutive hours of missing data.
If these criteria were not met, the patient was asked to

repeat the procedure within 3 days. If the repeat study
failed to meet the quality control criteria, the ambulatory
BP data were considered nonevaluable.

During the 24-h ambulatory monitoring study, BP and
heart rate were measured every 20 min. Monitoring hook-
up was initiated at 8:00 £ 1h.

Statistical analyses

In the ABPM substudy, the primary end point for
assessing efficacy was the change from baseline in the
24-h diastolic BP after 8 weeks of treatment. Secondary
end points were the changes from baseline in 24-h
systolic BP and changes from baseline in 24-h systolic and
diastolic BP in the various treatment groups according to
age (< 65 vs. > 65 years) and race (Black vs. non-Black).

The primary analysis compared treatment effects on the
primary efficacy end point using an analysis of covariance
that included treatment as the main effect with baseline
diastolic BP as a covariate. This analysis involved all 16
treatment groups and used the mean squared error for all
treatment comparisons.

Assuming a standard deviation of 7 mmHg for the changes
from baseline in 24-h mean DBP, a sample size of 50
patients per group would deliver approximately 80%
power if there was a difference of 4mmHg between
combination and monotherapy treatment arms.

Results

Study population

Of the 1461 patients who participated in the main study,
562 (38.5%) were included in this ABPM substudy. The
baseline characteristics of the patients and the number of
patients participating in each study drug combination arm
are shown in Table 1. Of the 562 patients included in the
ABPM substudy, 403 (71.7%) had stage 2 hypertension
(clinic diastolic BP > 100 mmHg). The mean age of
the patients was 53.0 years (range 22-84 years); most of
the patients were non-Black (84.0%), and over half of the
patients were male (54.3%). Safety assessments and
adverse-event profile for the total study population have
been reported elsewhere [6].

Effects on 24-h blood pressure

There were 742 patients enrolled into the ABPM sub-
study; 180 (24.3%) were excluded from this analysis
because of missing or invalid data at either baseline or at
the end of study. Reductions in 24-h mean BP are shown
in Table 2 for all patients and Table 3 for patients with
stage 2 hypertension. In both the categories of patients,
combination treatments of telmisartan 20-80mg plus
amlodipine 2.5-10mg resulted in additive reductions
compared with their respective monotherapies. Trends
relating changes from baseline in ambulatory BP accord-
ing to dose was observed with both telmisartan and



Table 1

Combination of telmisartan and amlodipine on ABP White et al. 207

Baseline characteristics and number of patients participating in the various treatment arms

Number of patients, n
Age (years)

Mean (SD)

Range
Age group, n (%)

<65 years

65 to <75 years

> 75 years
Sex, n (%)

Male

Female
Race, n (%)

Caucasian

Black

Asian
Body mass index (kg/m?)

Mean (SD)

Range

Amlodipine placebo Amiodipine 2.5 mg

Telmisartan placebo 16 21
Telmisartan 20 mg 16 16
Telmisartan 40 mg 50 16
Telmisartan 80 mg 43 15
All patients 125 68

562
53.0 (10.6)
22-84
492 (87.5)
60 (10.7)
10 (1.8)
305 (54.3)
257 (45.7)
472 (84.0)
75 (13.3)
15 (2.7)
31.6 (6.4)
18.4-61.7
Amlodipine & mg Amlodipine 10mg Total study
52 58 147
18 19 69
57 57 180
56 652 166
183 186 562

Table 2 Changes from baseline in 24-h systolic and diastolic blood pressure (all patients)

Placebo Amilodipine 2.5 mg

Amlodipine 5mg Amlodipine 10 mg

Changes from baseline in SBP/DBP (SD) mmHg
Placebo -1.4 (9.3)/-0.3 (6.0)
Telmisartan 20 mg -74 (8.1)/-5.4 (6.0
Telmisartan 40 mg -8.4 (10.5)/-5.4 (6.8)
Telmisartan 80 mg -11.0 (9.5)/-6.9 (6.1)

-7.4 (8.5)/-4.3 (6.1)
-11.1 (11.5)/~-5.8 (6.4)
-13.7 (11.7)/-9.3 (6.8)

-15.8 (9.3)/~11.0 (6.5)

- 17.3 (10.4%* 11/ _ 11,0 (7.9)0xx 1T
-19.5 (11.8)**1/ - 12.8 (7.4)*»"

-11.9 (9.6)/-6.9 (6.8)

-14.0 (11.7)/-9.7 (70)
-20.5 (1 3_9)***,1'1%/_ 13.2 (7.7)***.1“*1
~292.4 (9.8)¥*+ /- 14.6 (.9)x**1'

~9.3 (8.6)/-56.4 (5.3)
-15.9 (10.7)/-9.6 (4.9)

DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.

**P<0,001.
*kkP<0.0001 vs. telmisartan alone.
+1+P<0.0001 vs. amlodipine alone.

Table 3 Changes from baseline in 24-h systolic and diastolic blood pressure (SD) in patients with stage 2 hypertension (diastolic blood

pressure >100mmHg)

Amilodipine placebo Amlodipine 2.5 mg

Amlodipine 5 mg Amlodipine 10 mg

Changes from baseline in SBP/DBP (SD), mmHg

Telmisartan placebo -8.0 (12.1)/-1.3 (7.5) -8.1(8.0)/-5.2 (4.6)

Telmisartan 20 mg -7.9 (0.0)/-6.2 (5.5) -12.6 (13.0)/-6.0 (7.2)
Telmisartan 40 mg ~-7.4 (11.0)/-5.1 (7.1) -18.3 (12.7)/-11.0{6.7)
Telmisartan 80 mg -11.3 (9.3)/-6.9 (6.0) -14.9 (9.8)/-9.4 (6.6)

-20.9 (11.0)** 7t/ - 13,6 (7.1)**+17F

-12.2 (9.8)/-73 (7.1)
-15.5 (13.2)/-11.9 (8.0)
-20.8 (1 4.1 )***.’H‘/_ 13.6 (8.0)***'”T
-297 (9.9)***.“1‘/_ 15.3 (7.0)***#11‘

-9.6 {8.5)/-5.0 (5.4)
-17.9 (10.6)/-10.5 (5.0)
—16.7 (11.3)¥#®T/~ 11,0 (7.7)x** 1Tt

DBP, diastolic blood pressure; SBP, systolic blood pressure; SD, standard deviation.

**P<0.001.

***P<0.0001 vs. telmisartan alone.
P<0.01.

p<0.001.

1P<0.0001 vs. amlodipine alone.

amlodipine (Figs 1 and 2). The largest reductions in 24-h
mean BP were observed with the combination of telmisartan
80mg and amlodipine 10 mg when compared with their
respective monotherapies (P < 0.0001 in each comparison):
telmisartan 80mg and amlodipine 10mg (-22.4/
—14.6 mmHg), telmisartan 80 mg (-11.0/=6.9 mmHg) and
amlodipine 10mg (-11.9/-6.9mmHg) (Table 2). This
effect was also seen in the stage 2 subgroup (Table 3).
Greater BP reductions were also observed for the
combinations of lower doses of telmisartan (40 mg) and
amlodipine (5mg) in combination compared with the
components (Table 2).

In older patients (> 65 years), substantial reductions in 24-
h BP were observed for the telmisartan and amlodipine
combinations (Fig. 1). Reductions from baseline in systolic
BP on the combination arms were generally larger in the
older subgroup versus the younger population (< 65 years)
and similar for the diastolic BP between age groups.

The effects of treatment according to race are shown in
Fig. 2. Changes from baseline on telmisartan monotherapy
was less in Blacks (#=75) versus non-Blacks (z = 487).
However, changes from baseline in the combination groups
were similar for the two race groups (Fig. 2).
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Fig. 1 Fig. 2
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amlodipine 5 mg; A10, amlodipine 10 mg; T80, telmisartan 80 mg;
T40, telmisartan 40 mg

Mean reductions in daytime, night-time, and final 6 h
of dosing interval blood pressure

Changes from baseline in BP for each of the four key
combination therapies (telmisartan 40 and 80mg and
amlodipine 5 and 10 mg) and their respective individual
monotheraptes are shown in Table 4. Combination
therapies resulted in larger changes from baseline in BP
than either of their respective individual monotherapies
throughout the daytime, night-time, and in the last 6 h of
the 24 h dosing period.

Blood pressure control and response rates

"The effects of 8 weeks of treatment on 24-h ABPM response
and control rates for the higher dose combinations of
telmisartan and amlodipine are shown in Table 5 and
compared to the respective monotherapy regimens. For the
telmisartan 40 or 80 mg and amlodipine 10 mg combination,
more than 80% of patients achieved 24-h diastolic BP control
(< 80 mmHg) while 92% achieved 24-h diastolic BP control,

24-h mean DBP reduction (mmHg)

Black Non-Black

E AOE A5 B A10

Mean reduction from baseline in 24-h (a) systolic blood pressure (SBP)
and (b) diastolic blood pressure (DBF) according to race. A5,
amlodipine 5 mg; A10, amlodipine 10 mg; T80, telmisartan 80 mg; T40,
telmisartan 40 mg.

86.5% achieved 24-h systolic BP control (< 130 mmHg) and
82.7% achieved 24-h BP control (< 130/80 mmHg) in the
telmisartan 80 mg and amlodipine 10mg group. For the
telmisartan 40 or 80 mg and amlodipine 10 mg combination,
more than 90% of patients achieved 24-h diastolic BP
response (< 80mmHg or reduction of > 10mmHg) while
98% achieved diastolic BP response in the telmisartan 80 mg
and amlodipine 10 mg group. In addition, 73.7-86.5% of
patients achieved 24-h systolic BP control (< 130 mmHg) on
the "lelmisartan and Amlodipine 10 mg dose combinations.
Similar trends with lower rates of BP responses and control
rates were seen for the lower doses of telmisartan and
Amlodipine 5 mg (Table 5).

Twenty-four hour hourly blood pressure profiles
The mean hourly systolic and diastolic BP curves at
baseline and end of study for telmisartan 40 mg and
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Table 4 Changes from baseline in daytime, night-time and last 6 h of dosing interval blood pressure for combination therapies of
telmisartan and amlodipine compared with respective monotherapies

Daytime (mmHg) Night-time (mmHg) Last 6h (mmHg)

Placebo ~-1.5/-0.2 -1.0/-05 1.1/1.2

Telmisartan 40mg ~8.0/-5.1 -88/-55 -8.9/-6.0
Telmisartan 80 mg -11.6/-72 -9.6/-55 -9.9/-6.2
Amlodipine 5 mg -10.3/-5.6 -8.1/-47 -84/-565
Amlodipine 10mg -12.1/-71 -115/-6.4 -12.9/-79

-16.2%7/-10.2%%
-1 8.7***‘7/— 10_9***4‘
-16.5*7-106"
- 22.6***'Tﬁ/—- 14.7***1"??

-1 7_4***.%‘/_ 11 '4***.’!’(1‘
-921 .3***.”*/_ 14.3***.TTT
- 20.7***17‘1'/_ 13.5**.1'1'7»3
_ 03 okkxitty_ 15.5***.1‘1-1;;

-1 6.9***.TT/_ 10_4***,TT
- 1&9***,7?/_ 10.9***,‘(1‘
-16.8%/-11.9*7
- 20.8***'”*/— 1 2.8***J‘T‘r

Telmisartan 40+ Amlodipine 5mg
Telmisartan 40 + Amlodipine 10mg
Telmisartan 80 + Amlodipine 5 mg
Telmisartan 80 + Amlodipine 10mg

Data are mean changes (mmHg) relative to baseline. it
*P<0.05.

**P<0,001.

*4%P<0,0001 vs. telmisartan alone.

7P<0.08.

P<0.001.

tP<0.0001 vs. amlodipine alone.

Table 5 Effect of 8 weeks of treatment with key combinations of telmisartan plus amlodipine on blood pressure response* and control rates’ (n=562)

Diastolic BP Systolic BP Diastolic BP Systolic BP BP control® Daytime BP Nighttime BP
Treatment response’ (%)  response® (%)  control® (%) control® (%) (%) control® (%) control® (9%6)
Placebo 50.0 31.3 43.8 18.8 18.8 18.8 25.0
Telmisartan 40mg 40.0 42,0 34.0 40.0 30.0 26.0 32.0
Telmisartan 80 mg 55.8 62.8 55.8 48.8 44.2 48.8 30.2
Amlodipine 5 mg 63.5 61.5 53.9 53.9 38.5 42.3 26.9
Amlodipine 10mg 63.8 69.0 50.0 56.9 37.9 46.6 328
Telmisartan 40 mg + Amlodipine 5mg 86.0%*+ " 79.0%** 1 78.7+%% 64.9* 54.4 54.4% 38.6
Telmisartan 40 mg+ Amlodipine 10 mg 91 2%xw i 84.0%*x 80, 7%¥*T7 73.7%* 68.4%++1 75.4%%*F 57.9%"
Telmisartan 80 mg + Amlodipine 5 mg 80.4% 87.5%" 625 66.1 53.6 62.5 42,9
Telmisartan 80 mg + Amlodipine 10 mg 98,1 #+* 177 96.2%xx 1t g0 gHkaTtt 86.5*#xtt 82 7#xxTTT 86,5+ 117 63.5%"

DBP diastolic blood pressure; SBP, systolic blood pressure.

$94-h mean DBP <80mmHg or reduction > 10mmHg; SBP <130 mmHg or reduction > 18 mmHg.

$94-h mean DBP <80mmHg; SBP < 130 mmHg.
*94-h mean SBP/DBP < 130/<80 mmHg.
#Daytime mean SBP/DBP < 135/<85 mmHg.
“Night-time mean SBP/DBP <120/<70 mmHg.
*P<0.01.

*#P<0,001.

*+4P< 0,0001 vs. telmisartan alone.

fp<o.01.

P<0.001.

P<0.0001 vs. amiodipine alone.

telmisartan 80mg plus amlodipine 5 or 10mg are
compared with the monotherapies in Figs 3-6. Reduc-
tions with combination therapy were consistently greater
than the respective monotherapies throughout the 24-h
dosing period (mean 24h reductions from baseline,
P < 0.0001 versus either monotherapy for both systolic
and diastolic BP).

Discussion

In this large factorial design clinical trial, the combination
of telmisartan and amlodipine lowered ambulatory BP
in an additive fashion as compared with the effects of
the combination components in monotherapy. This was
the case regardless of the age and race of the patients.
The combination showed additive reductions in 24-h BP
of 9-11/6-8 mmHg (systolic/diastolic) versus telmisartan
alone, and of 9—11/6—8 mmHg versus amlodipine alone, at
the doses of 40/5, 40/10, 80/5, and 80/10 mg, which are
those that are now registered and available in several

countries around the world. The additive effect is
presumably because of the different pharmacological
effects of ARBs and calcium antagonists [6,10], as these
agents cause a dilation of vascular smooth muscle, with a
reduction in the elevated systemic vascular resistance
typical of hypertension through complementary mechan-
isms [11,12].

The greater BP-lowering cffects of the telmisartan/
amlodipine combination were manifest throughout the
24 h, including the last 6 h postdosing. This ensures that
its substantial therapeutic effect lasts throughout the
dosing interval. The present results on 24 h ambulatory
BP arc consistent with the findings obtained in earlier
studies that the telmisartan/amlodipine combination
additively lowered clinic BP versus telmisartan or
amlodipine monotherapy [6]. The changes in clinic BP
from baseline with telmisartan 80 mg plus amlodipine
10mg were -26/—20mmHg while the corresponding
changes in 24-h BP from bascline were —22/—15 mmHg.
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Hour after dosing

Twenty-four hour profile of mean hourly blood pressure (BP) for
placebo, telmisartan (T) 40 mg, amlodipine 5 mg (A5), and the
combination T40 + AB. (a) Systolic BP (SBP), (b) diastolic BP (DBP).
Mean 24-h BP reductions for combination therapy were significantly
greater than either monotherapy (P<0.0001).

The effects of antihypertensive treatment based on
ambulatory BP are nearly always less than measurements
made in the clinic; indeed a meta-analysis of studies in
which the effects of treatment on the two BPs were
compared in the same individuals has shown that an
approximate 30% difference could be expected [13]. This
can be explained in part, by the fact that 24 h includes sleep
time, when lower baseline BP values reduce the magnitude
of the antihypertensive effect [13] and the observer bias
[14-16] and the placebo effect, which are known to affect
clinic to a much greater degree than ambulatory BP [17,18].
This phenomenon was probably playing a role for the data
herein as the change in clinic diastolic values seen in the
placebo group was —5.9 mmHg, whereas the 24-h diastolic
BP change was only -0.3 mmHg,

The combination therapy showed substantial reductions
in ambulatory systolic BP in the older patient subgroup,

Mean DBP afetr 8 weeks (mmHg)

5 —+r—+—7/—+—+—r—r—T"rrrr—+—T
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Hour after dosing

Twenty-four hour profile of mean hourly blood pressure (BP) for
placebo, telmisartan (T) 40 mg, amlodipine 10 mg {A10), and the
combination T40+A10. (a) Systolic BP {SBP), (b) diastolic BP (DBP).
Mean 24-h BP reductions for combination therapy were significantly
greater than either monotherapy (P<0.0001).

which may enhance the combined effect of two powerful
arteriolar vasodilators such as telmisartan and amlodipine
[19,20]. It is also possible that the two drug combination
favors a reduction of arterial stiffness, which is a major
determinant of the elevated systolic BP seen in elderly
patients [21].

There was also evidence that combining telmisartan and
amlodipine was as effective in Black patients with hyper-
tension as in non-Black patients with hypertension (Fig. 2).
Lack of efficacy of renin-angiotensin blocking agents is
well known in African-American patients with hyperten-
sion [22] and confirmed in this study by the small effect of
telmisartan alone on ambulatory BP (Fig. 2). When
amlodipine was combined with telmisartan, the magnitude
of reduction in ambulatory BP was quite similar to that
seen with the telmisartan/amlodipine combination in the
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Twenty-four hour profile of mean hourly blood pressure (BP) for
placebo, telmisartan (T) 80 mg, amlodipine 5 mg (A5}, and the
combination TBO+ AB. (a) Systolic BP (SBP), (b) diastolic BP (DBP).
Mean 24-h BP reductions for combination therapy were significantly
greater than either monotherapy (P<0.0001).

non-Black patient subgroup. Of note, similar findings have
been obtained when a thiazide diuretic was added to
telmisartan in standard clinical doses [23].

Conclusion

This large factorial design study that used 24-h ABPM to
evaluate the effects of telmisartan alone, amlodipine
alone, and the combination of the agents has shown that
telmisartan lowers BP to a similar extent to amlodipine,
and that telmisartan added to amlodipine has significant
additive BP lowering effects. Response and control rates
(Table 5) were also substantially greater for the
combination of these agents at their clinically registered
doses. The benefits related to BP control in hyper-
tension are well known [24], as are the advantages of
using combination treatment, which provides a greater
BP lowering effect than monotherapies and improved
compliance by patients [11,12]. For the combination of an

[~ Placebo -~ A10 — T80 —+- T80/A10 |

100 — T T T T T T T T T T T 1
9 11 18 15 17 19 21
Hour after dosing

23

23

9 11 13 15 17 19 21
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Twenty-four hour profile of mean hourly blood pressure (BP) for
placebo, telmisartan (T) 80 mg, amlodipine 10 mg (A10), and the
combination T80 +A10. (a) Systolic BP (SBP), (b) diastolic BP (DBP).
Mean 24-h BP reductions for combination therapy were significantly
greater than either monotherapy (P<0.0001).

ARB and calcium antagonist, enthusiasm has increased
substantially based on the results of the ACCOMPLISH
Study [1] and the ASCOT BP lowering study in patients
with high-risk hypertension [1,2].

Acknowledgements

Funding was provided by Boehringer-Ingelheim GMBH,
Ingelheim, Germany. Editorial assistance was provided by
Anne Jacobson, PhD, Parexel, UK.

References

1 Jamerson K, Weber MA, Bakris GL, Dahlof B, Pitt B, Shi V, et al. Benazepril
plus amlodipine or hydrochlorothiazide for hypertension in high-risk patients.
N Engl J Med 2008; 359:2417-2428.
Dahlof B, Sever PS, Poulter NR, Wedel H, Beevers DG, Caulfield M, et al,;
ASCOT Investigators. Prevention of cardiovascular events with an
antihypertensive regimen of amlodipine adding perindopril as required versus
atenolol adding bendroflumethiazide as required, in the Anglo-Scandanavian



212 Blood Pressure Monitoring 2010, Vol 15 No 4

10

12

cardiac outcomes trial —blood pressure lowering arm (ASCOT-BPLA): a
multicentre randomized controlled trial. Lancet 2005; 366:895-906.

White WB, Lacourciere Y, Davidai G. Effects of the angiotensin Il receptor
blockers telmisartan versus valsartan on the circadian variation of blood
pressure. Am J Hypertens 2004; 17:347-353.

Lacourciere Y, Krzesinski JM, White WB, Davidai G, Schumacher H.
Sustained antihypertensive activity of telmisartan compared with valsartan.
Blood Press Monit 2004; 9:203-210.

Punzi HA, Noveck R, Waiss RJ, Graf R, Ruff DA, Hutchinson HG, White WB.
Are there differences in the effects of long-acting calcium antagonists on
ambulatory blood pressure? Extended release nisoldipine versus amlodipine
as a model. Blood Press Monit 1998; 3:267-272.

Littlejohn T, Majul CR, Olvera R, Seeber M, Kobe M, Guthrie G, Oigman W.
Results of treatment with telmisartan—amlodipine in hypertensive patients.
J Clin Hypertens 2009; 11:207-213,

Staessen J, Thijs L, Fagard F, O'Brien E, Clement D, De Leeuw PW, et al.
Predicting cardiovascular risk using conventional vs. ambulatory blood pressure
in older patients with systolic hypertension. JAMA 1999; 282:539-546.
Sega R, Facchetti R, Bombelli M, Cesana G, Corrao G, Grassi G, Mancia G.
Prognostic value of ambulatory and home blood pressures compared with
office blood pressure in the general population. Follow-Up results from the
Pressioni Arteriose Monitorate & Loro Associazioni (PAMELA) Study.
Circulation 2005; 111:1777-1783.

Williams B. The year in hypertension. J Am Coll Cardiol 2006;
48:1698-1711.

Wilson TW, Lacourciere Y, Barnes CC. The antihypertensive efficacy of
losartan and amlodipine assessed with office and ambulatory blood
pressure monitoring. CMAJ 1998; 159:469-476.

Mancia G, De Backer G, Dominiczak D, Cifkova R, Fagard R, Germano G,
et al. 2007 Guidelines for the management of arterial hypertension: The Task
Force for the Management of Arterial Hypertension of the European Society
of Hypertension (ESH) and of the European Society of Cardiology (ESC).
J Hypertens 2007; 25:1105-1187.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr,
et al.; Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. National Heart, Lung, and Blood
Institute; National High Blood Pressure Education Program Coordinating
Committee. Seventh report of the Joint National Committee on prevention,

Lippincott

5 K
@ Wolters Kluwer Williams & Wilkins

Health

Reprints provided by

Wolters Kluwer Pharma Solutions

Level 4 / 333 George Street, Sydney NSW 2000

T. +61 (0)2 9276 6667 | F: +61 (0)2 9231 5086
E-mail: PS-asiapacific.reprints@wolterskluwer.com

19

20

21
22

23

24

detection, evaluation, and treatment of high blood pressure. JAMA 2003;
289:2560-2572.

Mancia G, Parati G. Office compared with ambulatory blood pressure in
assessing response to antihypertensive treatment: a meta-analysis.

J Hypertens 2004; 22:435-445.

White WB, Pitt B, Preston RA, Hanes V. Antihypertensive effects of
drospirenone with 17-beta estradiol, a novel hormone treatment in
postmenopausal women with stage 1 hypertension. Circulation 2005;
112:1979-1984.

Ghuman N, Campbell P, White WB. Role of ambulatory and home blood
pressure recording in clinical practice. Curr Cardiol Reports 2009; 11:414-421.,
White WB, Giles T, Bakris GL, Neutel JM, Davidai G, Weber MA.
Measuring the efficacy of antihypertensive therapy by ambulatory blood
pressure monitoring in the primary care setting. Am Heart J 2008;
151:176-184.

Mancia G, Omboni S, Parati G, Ravogli A, Villani A, Zanchetti A. Lack of
placebo effect on ambulatory blood pressure. Am J Hypertens 1995;
8:311-315.

Mancia G, Sega R, Grassi G, Cesana G, Zanchetti A. Editorial: defining
ambulatory and home blood pressure normality: further considerations on
data from PAMELA Study. J Hypertens 2001; 19:995-999,

White WB. Comparative effects of telmisartan in the treatment of
hypertension. J Clin Hypertens (Greenwich) 2002; 4 (Suppl 1):20-25.
Lund-Johansen P, Omvik P, White W, Digranes O, Helland B, Jordal O,
Stray T. Long-term haemodynamic effects of amlodipine at rest and during
exercise in essential hypertension. Cardiofogy 1992; 80 (Suppl 1):37-45.
O'Rourke MF, Mancia G. Arterial stiffness. J Hypertens 1999; 17:1-4.
Saunders E, Gavin JR. Blockade of the renin—angiotensin system in African-
Americans with hypertension and cardiovascular diseases. J Clin Hypertens
2003; 5 (Suppl 1):12-17.

White WB, Murwin D, Chyrsant SG, Koval SE, Davidai G, Guthrie R. Effects
of the angiotensin Ii receptor blockers telmisartan versus valsartan in
combination with hydrochlorothiazide: a large, confirmatory trial. Blood
Press Monit 2008; 13:21-27.

Blood Pressure Lowering Treatment Trialist' Collaboration. Effects of
different blood-pressure-lowering regimens on major cardiovascular events:
results of prospectively-designed overviews of randomized trials. Lancet
2003; 362:1527-15835.

© 2011 Lippincott Williams & Wilkins

No part of this publication may be reproduced, transmitted or stored in any form or by any means either mechanical or
electronic, including photocopying, recording, or through an information storage and retrieval system, without the written

permission of the copyright holder.

Although great care has been taken in compiling the content of this publication, the publisher and its servants are not
responsible or in any way liable for the currency of the information, for any errors, omissions or inaccuracies, or for any
consequences arising therefrom. Inclusion or exclusion of any product does not imply its use is either advocated or rejected.
Use of trade names is for product identification only and does not imply endorsement. Opinions expressed do not necessarily

reflect the views of the Publisher, Editor or Editorial Board.

ELS10L2872



DABIGATRAN IN ATRIAL FIBRILLATION

Dabigatran versus Warfarin in Patients with Atrial Fibrillation
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ABSTRACT

BACKGROUND
Warfarin reduces the risk of stroke in patients with atrial fibrillation but increases
the risk of hemorrhage and is difficult to use. Dabigatran is a new oral direct throm-
bin inhibitor.

METHODS

In this noninferiority trial, we randomly assigned 18,113 patients who had atrial fi-
brillation and a risk of stroke to receive, in a blinded fashion, fixed doses of dab-
igatran — 110 mg or 150 mg twice daily — or, in an unblinded fashion, adjusted-dose
warfarin. The median duration of the follow-up period was 2.0 years. The primary
outcome was stroke or systemic embolism.

RESULTS
Rates of the primary outcome were 1.69% per year in the warfarin group, as compared
with 1.53% per year in the group that received 110 mg of dabigatran (relative risk with
dabigatran, 0.91; 95% confidence interval [CI], 0.74 to 1.11; P<0.001 for noninferiority)
and 1.11% per year in the group that received 150 mg of dabigatran (relative risk, 0.66;
95% CI, 0.53 to 0.82; P<0.001 for superiority). The rate of major bleeding was 3.36% per
year in the warfarin group, as compared with 2.71% per year in the group receiving
110 mg of dabigatran (P=0.003) and 3.11% per year in the group receiving 150 mg of
dabigatran (P=0.31). The rate of hemorrhagic stroke was 0.38% per year in the warfarin
group, as compared with 0.12% per year with 110 mg of dabigatran (P<0.001) and
0.10% per year with 150 mg of dabigatran (P<0.001). The mortality rate was 4.13% per
year in the warfarin group, as compared with 3.75% per year with 110 mg of dab-
igatran (P=0.13) and 3.64% per year with 150 mg of dabigatran (P=0.051).

CONCLUSIONS

In patients with atrial fibrillation, dabigatran given at a dose of 110 mg was associ-
ated with rates of stroke and systemic embolism that were similar to those associ-
ated with warfarin, as well as lower rates of major hemorrhage. Dabigatran admin-
istered at a dose of 150 mg, as compared with warfarin, was associated with lower
rates of stroke and systemic embolism but similar rates of major hemorrhage.
(ClinicalTrials.gov number, NCT00262600.)
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TRIAL FIBRILLATION INCREASES THE
risks of stroke and death. Vitamin K an-
L. Jtagonists, such as warfarin, reduce the risks
of stroke and death but increase the risk of hem-
orrhage as compared with control therapy.* There-
fore, warfarin is recommended for patients who
have atrial fibrillation and are at risk for stroke.?
Vitamin K antagonists are cumbersome to use,
because of their multiple interactions with food
and drugs, and they require frequent laboratory
monitoring. Therefore, they are often not used,
and when they are, rates of discontinuation are
high.># Many patients receiving warfarin still have
inadequate anticoagulation.> Thus, there is a need
for new anticoagulant agents that are effective,
safe, and convenient to use.

Dabigatran etexilate is an oral prodrug that is
rapidly converted by a serum esterase to dabiga-
tran, a potent, direct,. competitive inhibitor of
thrombin. It has an absolute bioavailability of
6.5%, 80% of the given dose is excreted by the
kidneys, its serum half-life is 12 to 17 hours, and
it does not require regular monitoring.¢ Dabiga-
tran has been evaluated in a pilot trial involving
patients with atrial fibrillation and in a study for
the prevention of venous thromboembolism, in
which doses of 150 mg twice daily and 220 mg
once daily, respectively, were promising.”® We per-
formed a large, randomized trial comparing the
use of dabigatran, at doses of 110 mg twice daily
and 150 mg twice daily, with warfarin.

METHODS

TRIAL DESIGN
The Randomized Evaluation of Long-Term Anti-
coagulation Therapy (RE-LY) was a randomized
trial designed to compare two fixed doses of dab-
igatran, each administered in a blinded manner,
with open-label use of warfarin in patients who
had atrial fibrillation and were at increased risk
for stroke. The design of this study has been de-
scribed previously.®

The study was funded by Boehringer Ingelheim
and was coordinated by the Population Health
Research Institute (Hamilton, ON, Canada), which
independently managed the database and per-
formed the primary data analyses. An operations
committee, with assistance from an international
steering committee and with participation by the
sponsor, was responsible for the design, conduct,

N ENGL) MED 361,12 NEJM.ORG

and reporting of the study. The study was approved
by all appropriate national regulatory authorities
and ethics committees of the participating centers.
All the authors vouch for the accuracy and com-
pleteness of the data and the analyses.

STUDY PARTICIPANTS

Patients were recruited from 951 clinical centers
in 44 countries. In brief, patients were eligible if
they had atrial fibrillation documented on elec-
trocardiography performed at screening or with-
in 6 months beforehand and at least one of the
following characteristics: previous stroke or tran-
sient ischemic attack, a left ventricular ejection
fraction of less than 40%, New York Heart Asso-
ciation class II or higher heart-failure symptoms
within 6 months before screening, and an age of
at least 75 years or an age of 65 to 74 years plus
diabetes mellitus, hypertension, or coronary ar-
tery disease. Reasons for exclusion were the pres-
ence of a severe heart-valve disorder, stroke with-
in 14 days or severe stroke within 6 months before
screening, a condition that increased the risk of
hemorrhage, a creatinine clearance of less than
30 ml per minute, active liver disease, and preg-
nancy. (Detailed inclusion and exclusion criteria
are available in Tables 1 and 2 of the Supplemen-
tary Appendix, available with the full text of this
article at NEJM.org.)

PROCEDURES

After providing written informed consent, all trial

participants were randomly assigned to receive
one of two doses of dabigatran, or to receive war-
farin, by means of a central, interactive, automated
telephone system. Dabigatran was administered, in
a blinded fashion, in capsules containing either
110 mg or 150 mg of the drug, to be taken twice
daily. Warfarin was administered, in an unblind-
ed fashion, in tablets of 1, 3, or 5 mg and was
adjusted locally to an international normalized
ratio (INR) of 2.0 to 3.0, with the INR measured
at least monthly. The time that the INR was with-
in the therapeutic range was calculated with the
use of the method of Rosendaal et al.,2° exclud-
ing INRs from the first week and after discon-
tinuation of the study drug. These data were re-
ported back to the participating centers with advice
for optimal INR control. Concomitant use of as-
pirin (at a dose of <100 mg per day) or other an-
tiplatelet agents was permitted. Quinidiné use was
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permitted until 2 years after the trial started, when
the protocol was amended to prohibit its use, be-
cause of its potential to interact with dabigatran.

Follow-up visits occurred 14 days after ran-
domization, at 1 and 3 months, every 3 months
thereafter in the first year, and then every 4
months until the study ended. Liver-function test-
ing was performed monthly during the first year
of the follow-up period. On the basis of a pre-
specified evaluation of liver-function tests in at
least 6000 patients in the dabigatran group after
they had been followed for 6 months or more,
the data safety monitoring board recommended
that the frequency of liver-function testing be re-
duced, with such testing performed only at the
regular visits.

OUTCOMES
The primary study outcome was stroke or system-
ic embolism. The primary safety outcome was ma-
jor hemorrhage. Secondary outcomes were stroke,
systemic embolism, and death. Other outcomes
were myocardial infarction, pulmonary embolism,
transient ischemic attack, and hospitalization. The
primary net clinical benefit outcome was the com-
posite of stroke, systemic embolism, pulmonary
embolism, myocardial infarction, death, or major
hemorrhage. Stroke was defined as the sudden on-
set of a focal neurologic deficit in a location con-
sistent with the territory of a major cerebral ar-
tery and categorized as ischemic, hemorrhagic, or
unspecified. Hemorrhagic transformation of ische-
mic stroke was not considered to be hemorrhagic
stroke. Intracranial hemorrhage consisted of hem-
orrhagic stroke and subdural or subarachnoid
hemorrhage. Systemic embolism was defined as
an acute vascular occlusion of an extremity or or-
gan, documented by means of imaging, surgery,
or autopsy. Major bleeding was defined as a re-
duction in the hemoglobin level of at least 20 g
per liter, transfusion of at least 2 units of blood,
or symptomatic bleeding in a critical area or or-
gan. Life-threatening bleeding was a subcategory
of major bleeding that consisted of fatal bleed-
ing, symptomatic intracranial bleeding, bleeding
with a decrease in the hemoglobin level of at least
50 g per liter, or bleeding requiring transfusion
of at least 4 units of blood or inotropic agents or
necessitating surgery. All other bleeding was con-
sidered minor.

An international team of adjudicators reviewed

documents in local languages after blinding, or
documents were translated by an independent
group and were centrally blinded. Bach primary
and secondary outcome event was adjudicated by
two independent investigators who were unaware
of the treatment assignments. All transient ische-
mic attacks were reviewed to ensure that strokes
had not been missed. To detect possible unre-
ported events, symptom questionnaires were reg-
ularly administered to patients, and adverse-event
and hospitalization reports were scrutinized for
unreported primary or secondary outcomes.

STATISTICAL ANALYSIS
The primary analysis was designed to test wheth-
er either dose of dabigatran was noninferior to

warfarin, as evaluated with the use of Cox propor-

tional-hazards modeling. To satisfy the noninfe-
riority hypothesis, the upper bound of the one-
sided 97.5% confidence interval for the relative
risk of an outcome with dabigatran as compared
with warfarin needed to fall below 1.46. This non-
inferiority margin was derived from a meta-analy-
sis of trials of vitamin K antagonists as compared
with control therapy in patients with atrial fibril-
lation, with the margin defined according to the
upper bound of the 95% confidence interval for
the relative risk of the primary outcome in the con-
trol group versus the warfarin group.'* The mar-
gin of 1.46 represents half the 95% confidence
interval of the estimated effect of control therapy
over warfarin. To account for testing of both daby
igatran doses against warfarin, wé planned to de-
termine whether the higher of the two one-sided
P values for the two doses was less than 0.025, in
which case both treatments would be declared to
be noninferior. If the higher of the two one-sided
P values was 0.025 or greater, the lower of the
two was required to be less than 0.0125 to per-
mit a claim of statistical significance. All analyses
were based on the intention-to-treat principle. Af-
ter noninferiority of both doses of dabigatran was
established, all subsequent P values were reported
for two-tailed tests of superiority. Cox regression
was used to calculate relative risks, conﬁd}nce in-
tervals, and P values. Chi-square testing w®used
to compare rates of medication discontinuation
and adverse events.

We planned to enroll 15,000 patients, an en-
rollment that we estimated would provide 84%
power to evaluate the noninferiority of each dose

N ENGLJ MED 36112 NEJM.ORG SEPTEMBER 17, 2009

1141



The NEW ENGLAND JOURNAL of MEDICINE

of dabigatran, Two protocol changes were made by
the operations committee during the enrollment
period, without knowledge of emerging treatment
effects. These were the enforcement of balanced
enrollment of patients who had not received long-
term therapy with a vitamin K antagonist (i.e.,
had a total lifetime use of <61 days) and those who
had (i.e., had a total lifetime use of 261 days), and
an increase in the sample size to 18,000 patients
to maintain the statistical power in case of a low
event rate. An independent data safety monitor-
ing board reviewed the unblinded study data and
performed two prespecified interim analyses of
efficacy, with a plan to recommend study termi-
nation if the benefit of dabigatran exceeded 3 SD
from unity of the parameter estimate and if that
benefit persisted on repeat analysis 3 months
later.

RESULTS

CHARACTERISTICS OF THE STUDY PATIENTS
A total of 18,113 patients were enrolled between
December 22, 2005, and December 15, 2007. The
three treatment groups were well balanced with
respect to baseline characteristics (Table 1). The
mean age of the patients was 71 years, and 63.6%
were men. Half the patients had received long-term
therapy with vitamin K antagonists. The mean
CHADS, score was 2.1 (Table 1).

FOLLOW-UP DATA
Final follow-up visits occurred between Decem-
ber 15, 2008, and March 15, 2009. The median
duration of the follow-up period was 2.0 years, and
complete follow-up was achieved in 99.9% of pa-
tients, with 20 patients lost to follow-up. The rates
of discontinuation for 110 mg of dabigatran, 150
mg of dabigatran, and warfarin were 14.5%, 15.5%,
and 10.2%, respectively, at 1 year and 20.7%, 21.2%,
and 16.6% at 2 years. Aspirin was used continu-
ously during the treatment period in 21.1%, 19.6%,
and 20.8% of patients receiving 110 mg of dab-
igatran, 150 mg of dabigatran, and warfarin, re-
spectively. In the warfarin group, the mean per-
centage of the study period during which the INR
was within the therapeutic range was 64%.

PRIMARY OUTCOME

Stroke or systemic embolism occurred in 182 pa-
tients receiving 110 mg of dabigatran (1.53% per
year), 134 patients receiving 150 mg of dabigatran
(1.11% per year), and 199 patients receiving war-

farin (1.69% per year) (Table 2 and Fig. 1). Both
doses of dabigatran were noninferior to warfarin
(P<0.001). The 150-mg dose of dabigatran was also
superior to warfarin (relative risk, 0.66; 95% con-
fidence interval [CI], 0.53 to 0.82; P<0.001), but
the 110-mg dose was not (relative risk, 0.91; 95%
Cl, 0.74 to 1.11; P=0.34). Rates of hemorrhagic
stroke were 0.38% per year in the warfarin group,
as compared with 0.12% per year in the group that
received 110 mg of dabigatran (relative risk with
dabigatran, 0.31; 95% CI, 0.17 to 0.56; P<0.001) and
0.10% per year in the group that received 150 mg
of dabigatran (relative risk, 0.26; 95% CI, 0.14 to
0.49; P<0.001).

OTHER OUTCOMES
Rates of death from any cause were 4.13% per year
with warfarin, as compared with 3.75% per year
with 110 mg of dabigatran (relative risk with dab-
igatran, 0.91; 95% CI 0.80 to 1.03; P=0.13) and
3.64% per year with 150 mg of dabigatran (rela-
tive risk, 0.88; 95% CI, 0.77 to 1.00; P=0.051). The
rate of myocardial infarction was 0.53% per year
with warfarin and was higher with dabigatran:
0.72% per year in the 110-mg group (relative risk,
1.35; 95% CI, 0.98 to 1.87; P=0.07) and 0.74% per
year in the 150-mg group (relative risk, 1.38, 95%
CI, 1.00 to 1.91; P=0.048).

BLEEDING :
The rate of major bleeding was 3.36% per year in
the warfarin group, as compared with 2g§1% per
year in the group that recéived 110 mg of dabiga-
tran (relative risk with dabigatran, 0.80; 95% CI,
0.69 to 0.93; P=0.003) and 3.11% per year in the
group that received 150 mg of dabigatran (rela-
tive risk, 0.93; 95% CI, 0.81 to 1.07; P=0.31) (Ta-
ble 3). Rates of life-threatening bleeding, intra-
cranial bleeding, and major or minor bleeding were
higher with warfarin (1.80%, 0.74%, and 18.15%,
respectively) than with either the 110-mg dose of
dabigatran (1.22%, 0.23%, and 14.62%, respective-
ly) or the 150-mg dose of dabigatran (1.45%, 0.30%,
and 16.42%, respectively) (P<0.05 for all compar-
isons of dabigatran with warfarin). There was a
significantly higher rate of major gastrointestinal
bleeding with dabigatran at the 150-mg dose than
with warfarin.

The net clinical benefit outcome consisted of
major vascular events, major bleeding, apd death.
The rates of this combined outcome wete 7.64%
per year with warfarin and 7.09% per year with
110 mg of dabigatran (relative risk with dabiga-
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Table 1. Baseline Characteristics o f the Study Pérticigants, Accofding‘t’ofT fe;tmy'e'nt, G'ro‘up,i'e‘ o

Characteristic
Age —yr
Weight — kg
Blood pressure — mm Hg
Systolic
Diastolic
Male sex — no. ftotal no. (%)
Type of atrial fibrillation — no.ftotal no. (%)
Persistent
Paroxysmal
Permanent
CHADS, scoref
0 or 1 — no./total no. (%)
2— no‘./total no. (%)
3-6 — no. ftotal no. (%)

no. (%)

Heart failure — no. /total no. (%)
Diabetes mellitus — no./total no. (%)

Hypertension — no./total no. (%)

Aspirin

ARB or ACE inhibitor
Beta-blocker
Amiodarone

Statini

Proton-pump inhibitor
H,-receptor antagonist

Long-term VKA therapy

Previous stroke or transient ischemic attack — no. /total

Prior myocardial infarction — no.ftotal no. (%)

Medications in use at baseline — no./total no. (%)

Dabigatran,
110 mg

71.4+8.6
82.9+19.9

130.8+17.5
77.0+10.6
3865/6015 (64.3)

1950/6011 (32.4)
1929/6011 (32.1)
2132/6011 (35.4)
2.121.1
1958/6014 (32.6)
2088/6014 (34.7)
1968/6014 (32.7)
1195/6015 (19.9)

1008/6015 (16.8)
1937/6015 (32.2)
1409/6015 (23.4)
4738/6015 (78.8)

2404/6013 (40.0)
3987/6013 (66.3)
3784/6013 (62.9)
624/6013 (10.4)
2698/6013 (44.9)
812/6013 (13.5)
225/6013 (3.7)
3011/6015 (50.1)

Dabigatran,
150 mg

71.5+8.8
82.5:£19.4

131.0+17.6
77.0£10.6
3840/6076 (63.2)

1909/6075 (31.4)
1978/6075 (32.6)
2188/6075 (36.0)
22412
1958/6076 (32.2)
2137/6076 (35.2)
1981/6076 (32.6)
1233/6076 (20.3)

1029/6076 (16.9)
1934/6076 (31.8)
1402/6076 (23.1)
4795/6076 (78.9)

2352/6075 (38.7)
4053/6075 (66.7)
3872/6075 (63.7)
665/6075 (10.9)
2667/6075 (43.9)
847/6075 (13.9)
241/6075 (4.0)
3049/6076 (50.2)

Warfarin
71.6+8.6
82.7£19.7

131.2+17.4
77.1£10.4
3809/6022 (63.3)

1930/6021 (32.0)
2036/6021 (33.8)
20556021 (34.1)
21211
1859/6022 (30.9)
2230/6022 (37.0)
1933/6022 (32.1)
1195/6022 (19.8)

968/6022 (16.1)
1922/6022 (31.9)
1410/6022 (23.4)
4750/6022 (78.9)

2442/6017 (40.6)
3939/6017 (65.5)
3719/6017 (61.8)

644/6017 (10.7) g

2673/6017 (44.4)
832/6017 (13.8)
256/6017 (4.3)

2929/6022 (48.6)

* Plus-minus values are means +SD. ARB denotes angiotensin-receptor blocker, and ACE angiotensin-converting

enzyme.

1 The CHADS, score is a measure of the risk of stroke in which congestive heart failure, hypertension, an age of 75 years
or older, and diabetes mellitus are each assigned 1 point and previous stroke or transient ischemic attack is assigned
2 points; the score is calculated by summing all the points for a given patient.*?

I Statins are defined here as 3-hydroxy-3-methylglutaryl-coenzyme A reductase inhibitors.

§ Long-term therapy with a vitamin K antagonist (VKA) denotes a total lifetime use of a VKA of 61 or more days.

tran, 0.92; 95% CI, 0.84 to 1.02; P=0.10) and 6.91% This difference was driven mostly by a decrease
per year with 150 mg of dabigatran (relative risk, in the rate of stroke with ischemic or unspecified

0.91; 95% CI, 0.82 to 1.00; P=0.04).

COMPARISON OF DABIGATRAN DOSES

cause, whereas rates of hemorrhagic stroke were
similar in the two dabigatran groups. There was
no significant difference in the rates of death from

As compared with the 110-mg dose, administra- either vascular causes or any cause between the
tion of the 150-mg dose of dabigatran reduced the two doses. On the other hand, as compared with
risk of stroke or systemic embolism (P=0.005). the 110-mg dose, the 150-mg dose of dabigatran
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DABIGATRAN IN ATRIAL FIBRILLATION

1.0 0.05+
0.044 Warfarin
0.8 Dabigatran,
N 110 m
P 0.03 g
[
o
T
E 0.6 0.02 Dabigatran,
I 150 mg
2 0.01-
8 04
g
3 0.00 T T T T T
0 6 12 18 24 30
0.2
s —— T
0.0 T T T T T
] 6 12 18 24 30
Months
No. at Risk )
Warfarin © 6022 5862 5718 4593 2890 . 1322
Dabigatran, 110 mg 6015 5862 5710 4593 2945 1385
Dabigatran, 150 mg ' 6076 5939 -5779 <4682 3044 1429
Figure 1 Cumulatwe Hazard Rates for t the Prlmary Outcome of' Stroke or Systemuc Embohsm, Accordmg to Treat-
ment Group : : L : ( : G

was associated with a trend toward an increased
risk of major bleeding (P=0.052) and also with
increased risks of gastrointestinal, minor, and any
bleeding. The net clinical benefit was almost iden-
tical for the two doses.

ADVERSE EVENTS AND LIVER FUNCTION
The only adverse effect that was significantly more
common with dabigatran than with warfarin was
dyspepsia (Table 4). Dyspepsia occurred in 348
patients (5.8%) in the warfarin group and in 707
patients (11.8%) and 688 patients (11.3%) in the
110-mg and 150-mg dabigatran groups, respective-
ly (P<0.001 for both comparisons) (Table 4). Ele-
vations in the serum aspartate aminotransferase or
alanine aminotransferase level of more than
3 times the upper limit of the normal range did
not occur more frequently with dabigatran, at ei-
ther dose, than with warfarin.

SUBGROUP ANALYSES
For the subgroups shown in Figure 2, no signifi-
cant interaction was seen with the treatment ef-
fect of dabigatran (at either dose). There was no
significant interaction between the treatment ef-
fect of dabigatran and presence or absence of long-
term therapy with a vitamin K antagonist. Although

80% of the dabigatran dose is renally excreted,
there was no significant interaction in the treat-
ment effect of dabigatran across levels of the base-
line calculated creatinine clearance.

DISCUSSION |

We compared two fixed-dose regimens of dabiga-
tran (110 mg twice daily and 150 mg twice daily),
administered in a blinded fashion, with adjusted-
dose warfarin, administered in an unblinded fash-
ion, in patients who had atrial fibrillation and were
at risk for stroke. Both dabigatran doses were non-
inferior to warfarin with respect to the primary
efficacy outcome of stroke or systemic embolism.
In addition, the 150-mg dose of dabigatran was
superior to warfarin with respect to stroke or sys-
temic embolism, and the 110-mg dose was supe-
rior to warfarin with respect to major bleeding.
Previous studies seeking to identify a safe and
effective alternative to warfarin for patients with
atrial fibrillation have all had specific limitations.
The combination of clopidogrel and aspirin was
more effective than aspirin alone?® but less effeg
tive than warfarin.* Subcutaneous idraparinux
was more effective than warfarin but was associ-
ated with a substantially higher risk of bleeding.>
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DABIGATRAN IN ATRIAL FIBRILLATION

“Table 4.“Digcontyiflyuaztiqripf‘the Study Drug, AdVerse Events, and ! ‘ ir tm
Dabigatran, 110 mg Dabigatran, 150 mg
Variable (N=6015) (N=6076) Warfarin (N=6022)
number of patients (percent)

Study-drug discontinuation

Discontinued at 1 yr{ 862 (15) 935 (16) 608 (10)

Discontinued at 2 yr{ 1161 (21) 1211 (21) 902 (17)

Reason for discontinuation v
Patient’s decision 440 (7.3) 474 (7.8) 375 (6.2)
Outcome event 192 (3.2) 164 (2.7) 130 (2.2)
Serious adverse event} 163 (2.7) 166 (2.7) 105 (1.7)
Gastrointestinal symptoms§ 134 (2.2) 130 (2.1) : 38 (0.6)
Gastrointestinal bleeding 58 (1.0) 80 (1.3) 54 (0.9)

Adverse eventsf| E
Dyspepsiaz| 707 (11.8) 688 (11.3) 348 (5.8)
Dizziness 486 (8.1) 506 (8.3) 568 (9.4)
Dyspnea 557 (9.3) 580 (9.5) 586 (9.7)
Peripheral edema 473 (7.9) 478 (7.9) 468 (7.8)
Fatigue 399 (6.6) 401 (6.6) 372 (6.2)
Cough 344 (5.7) 348 (5.7) 364 (6.0)
Chest pain 312 (5.2) 377 (6.2) 357 (5.9)
Back pain 316 (5.3) 314 (5.2) 337 (5.6)
Arthralgia 270 (4.5) 335 (5.5) ) 346 (5.7)
Nasopharyngitis 337 (5.6) 330(5.4) 336 (5.6)
Diarrhea 377 (6.3) 397 (6.5) 346 (5.7)
Atrial fibrillation 330 (5.5) 357 (5.9) 349 (5.8)
Urinary tract infection 273 (4.5) 289 (4.8) 335 (5.6)
Upper respiratory tract infection 288 (4.8) 285 (4.7) - 313 (5.27

Liver function

ALT or AST >3x ULN 124 (2.1) 117 (1.9) 132 (2.2)
ALT or AST >3x ULN with concurrent 13 (0.2) 13 (0.2) 21 (0.3)

bilirubin >2x ULN

Hepatobiliary disorderx*
Serious adverse event 33 (0.5) 34 (0.6) 33 (0.5)
Non-serious adverse event 101 (1.7) 109 (1.8) 112 (1.9)

* ALT denotes alanine aminotransferase, AST aspartate aminotransferase, and ULN upper limit of the normal range.

T Rates of discontinuation at 1 and 2 years were higher with dabigatran than with warfarin (P<0.001). The rates are based on
Kaplan—-Meier estimates.

I P<0.001 for the comparison of either dose of dabigatran with warfarin.

§ Gastrointestinal disorders included pain, vomiting, and diarrhea.

€ The adverse events listed are those that were reported in more than 5% of patients in any of the three treatment groups.

| Dyspepsia was defined to include the coding terms abdominal pain upper, abdominal pain, abdominal discomfort, and dyspepsia.

** Hepatobiliary disorders were classified as serious adverse events if they consisted of clinical or biochemical liver dysfunction re-
quiring hospitalization, most frequently cholelithiasis or cholecystitis. Hepatobiliary disorders classified as adverse events were
most frequently cholelithiasis, cholecystitis, abnormal hepatic function, and jaundice.
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Ximelagatran, an earlier direct thrombin inhibitor,
appeared to be similar to warfarin with respect
to efficacy and safety but was found to be hepa-
totoxic.2® In our serial measurement of liver func-
tion, we did not find evidence of hepatotoxicity
with dabigatran.

The rate of myocardial infarction was higher
with both doses of dabigatran than with warfarin.
An explanation might be that warfarin provides
better protection against coronary ischemic events
than dabigatran, and warfarin is known to reduce
the risk of myocardial infarction.” However, rates
of myocardial infarction were similar between pa-
tients with atrial fibrillation who were receiving
warfarin and those who were receiving ximelaga-
tran, another direct thrombin inhibitor.’® The ex-
planation for this finding is therefore uncertain.

The most devastating complication of warfarin
therapy is intracranial hemorrhage, especially hem-
orrhagic stroke. As compared with aspirin, war-
farin doubles the risk of intracranial hemorrhage.
Thus, our finding that the rate of this complica-
tion with both doses of dabigatran was less than
one third the rate with warfarin, without a reduc-
tion in the efficacy against ischemic stroke, sug-
gests an important advantage of dabigatran. The
rate of major bleeding with warfarin was higher
in our study than in some previous trials.11:13,14
This is partly explained by the more inclusive defi-
nition of major bleeding in our study. There was
an increase in the rate of gastrointestinal bleed-
ing with the higher dabigatran dose, despite the
overall lower rates of bleeding at other sites. To
enhance absorption of dabigatran, a low pH is re-
quired. Therefore, dabigatran capsules contain
dabigatran-coated pellets with a tartaric acid core.
This acidity may partly explain the increased inci-
dence of dyspeptic symptoms with both dabiga-
tran doses and the increased risk of gastrointes-
tinal bleeding with the 150-mg dose.

The benefit of dabigatran may be explained in
part by the twice-daily dosing regimen. Since dab-
igatran has an elimination half-life of 12 to 17
hours, twice-daily dosing reduces variability in the
anticoagulation effect, especially as compared with
the anticoagulation effect of warfarin, which is
difficult to control. Warfarin broadly inhibits co-
agulation (inhibiting factors II, VII, IX, and X and
proteins C and S). By selectively inhibiting only
thrombin, dabigatran may have antithrombotic ef-

N ENGL) MED 361,12
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ficacy while preserving some other hemostatic
mechanisms in the coagulation system and thus
potentially mitigating the risk of bleeding.

The use of open-label warfarin could have in-
troduced a bias in the reporting or adjudication
of events. This risk was reduced by the implemen-
tation of several validated procedures, including
blinded evaluation of outcome events. The unex-
pectedly different rates of myocardial infarction
and gastrointestinal bleeding among the three
treatment groups support an absence of bias.
Control of anticoagulation with warfarin in our
study was similar to that in previous international
clinical trials, even though half our patients had
not previously had extensive treatment with war-
farin.10:17

The net clinical benefit outcome, which is a
measure of the overall benefit and risk, was simi-
lar between the two doses of dabigatran, owing
to the lower risk of ischemia with the 150-mg
dose and the lower risk of hemorrhage with the
110-mg dose. These findings suggest that the dose
of dabigatran could potentially be tailored to take
into consideration the risk characteristics of a spe-
cific patient, although this concept was not spe-
cifically tested in our trial.

In conclusion, we compared two doses of dab-
igatran with warfarin in patients who had atrial
fibrillation and who were at risk for stroke. As
compared with warfarin, the 110-mg dose of dab-
igatran was associated with similar rates of stroke
and systemic embolism and lower rates of major

SEPTEMBER 17, 2009



DABIGATRAN IN ATRIAL FIBRILLATION

Subgroup Patients
total no.

All patients 18,113
Long-term VKA therapy

No L9123

Yes 8,989
Sex DLk

Male 11,514

Female: 6,598
Body-mass index

<28 9,131

=28 8,962
Weight .
 <50kg 376

50-99 kg 14,629

=100 kg 3,099
Ethnic.group

Europeanor Arab 12,679

Other 5,433
Creatinine clearance

<50 mifmin 3,505

50-79 mi/min 8,766

=80 ml/min 5,826 ..
CHADS, score

Oorl 5,775

2 6,455

=3 " 5,882

Symptomatic heart failure

Yes 4,904

No 13,203
Hypertension

Yes 14,283

No. - . 3,829
Diabetes

Yes 4,221

No 13,891
Stroke or TIA

Yes 3,623

No 14,488
Region

North America 6,533

South America 1,134

Western Europe 3,941

Central Europe 2,829

South Asia 1,134

East Asia 1,648

Other 1,072
Aspirin use at baseline

Yes 7,198 .

No 10,910

Amiodarone use at baseline

Yes 1,933

No 16,174
PP! use at baseline

Yes 2,491

No 15,616

Hazard Ratio with P Value

Dabigatran Dabigatran, 110 mg for Dabigatran, 150 mg  for
110 mg 150 mg Warfarin (95%Cl) Interaction (95% Ci) Interaction
% per yr
1537 1 L1169 B B
0.72 o 0.81
157 107 167 —-— e R
149 115 L70 —a—— —.—
i S 0.96 e 0.24
135 110 1.49 —— ——!
1.867 L1475 ©02:03. — ; s it -
‘ 0.71 ; 0.21
1787 117 2.01 —— e
1.28 1.04 1.34 —— —B—
O BE W b oas Sl 0.42
258 224 504 - : " :
166 114 177 —— -
080 087 094 — s T
S o R i 0.2 Gl 0.10
135 103 1.35 —— ——
1977 1132 2,52 — -
i 0.60 i 0.54
215 152 . 278 ——— Al
170 120 176 —— —a—
094075 098 = = : L
i 0.44 : 0.82
1.06. 065 1.05 —- ' ——
143 084 1.38 —— —a—
212 7188 2568 — ———
' : 0.42 : 033
190 144 185" —_— —
140 100 163 ——— |
L S E : 0,06 ; G s 0.58
146 120 1.78 —— |
L7900 078 1360 o Al
; 0.25 : 0.76
176 146 232 ———— S ———
146 101 1.50 —-.— - —— “
e S 0.65 ey 034
232 207 274 —a—— ——
133 087 143 —— . ,
i 0.91 ' 0.11
119 111 151 — ———
182 091 168 - .
153 126 143 — —_—
122 078 1.06 —il i T
3350084 . 1400 - —-——
187 177 228 - -—
Los” 088 227 —— —_——
‘ : 0.70 : 0.93
166 126, 192 —— —— :
144 103 153 —— .
SRR R R R 0.06 = g 0.13
066 054 155 —@————! —. !
163 118 170" B ~ -
: 0.33 ! 018
1220163 L7 s = .
1.58  1.03 167 —— 4
r T T -1
0.5 1.0 15 05 l;{o 15
-—— — -

Hazard Ratio with P Value

Dabigatran Better

Warfarin Better

Dabigatran Better

Warfarin Better
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hemorrhage; the 150-mg dose of dabigatran was
associated with lower rates of stroke and systemic
embolism but with a similar rate of major hem-
orrhage.
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CORRESPONDENCE

Newly Identified Events in the RE-LY Trial

TO THE EDITOR: We wish to update our article
about the Randomized Bvaluation of Long-Term
Anticoagulation Therapy (RE-LY) trial (Sept. 17,
2009, issue).! After the database was locked on
August 15, 2009, we identified several additional
primary efficacy and safety outcome events dur-
ing routine clinical site closure visits. These events
included two systemic embolic events and nine
major hemorrhages. Subsequently, after discus-
sions with the Food and Drug Administration,
the primary and secondary efficacy and safety
data were checked for consistency, and the study
database was reevaluated for possible underreport
ing of events. To achieve this, all free text, out-
comes, and adverse events in the database were
searched with the use of multiple algorithms to
identify any symptom that might suggest the
possibility of any primary or secondary event or
bleeding. This included an examination of all de-
creases in the hemoglobin level by more than 2 g
per deciliter between visits, other markers of po-
tential bleeding, new pathologic Q waves on rou-
tine electrocardiography (ECG), and any report of
weakness or other symptoms that might be po-

tentially related to a stroke. This process resulted
in the identification of 81 new events in 80 pa-
tients. These included 1 stroke, 1 systemic embolic
event, 4 clinical myocardial infarctions, 1 pulmo-
nary embolism, 5 transient ischemic attacks, and
69 major hemorrhages.

Although silent myocardial infarction, defined
as the new appearance of pathologic Q waves on
ECG, was part of the RE-LY definition of myo-
cardial infarction, no cases of silent myocardial
infarction were reported by investigators during
the course of the study. However, review of the
routine ECG reports revealed 28 cases fulfilling
the criteria for silent myocardial infarction.

All these newly identified events were adjudi-
cated in a blinded fashion and in accordance with
the study protocol. Two rounds of data entry were
performed for all data on the international nor-
malized ratio (INR), for purposes of validation.
This resulted in a change in the mean percentage
of the study period in which the warfarin INR
was within the therapeutic range, from 64.2% to
64.4%.

Inclusion of the newly identified events did not

Table 1. PuBlished énd Revised Data for Primary Efﬁcacy and‘Safetj Q’utcorhes" and"Myocardiél Ihférctibn, According to’Tre'a’tment‘Group.#
Dabigatran, Dabigatran,
110 mg 150 mg Warfarin Dabigatran, 110 mg, Dabigatran, 150 mg,
Event {N=6015) {N=6076) (N=6022) ” “vs. Warfarin vs. Warfarin
Relative Risk Relative Risk
(95%Cl)  PValue (95%Cly P Value
no. of no. of no. of
patients % fyr patients % /yr patients % /yr
Stroke or systemic
embolism
Published 182 1.53 134 1.11 199 1.69 091 (0.74-1.11) 0.34 0.66 (0.53-0.82) <0.001
Revised 183 1.54 134 111 202 1.71 0.90 (0.74-1.10) 0.30 0.65 (0.52-0.81) <0.001
Major bleeding
Published 322 271 375 3.11 397 3.36 0.80 (0.69-0.93) 0.003 0.93 (0.81-1.07) 0.31
Revised 342 2.87 399 3.32 421 3.57 0.80 (0.70-0.93) 0.003 0.93 (0.81-1.07) 0.32
Myocardial infarction
Published 8 072 89 0.74 63 053  1.35(0.98-1.87) 0.07 1.38 (1.00-1.91) 0.048
Revised 98 0.82 97 0.81 75 0.64 1.29 (0.96-1.75) 0.09 1.27 (0.94-1.71) 0.12

* Data are shown for all patients who had at least one event. Al analyses were based on the time to the first event. P values are for superior-
ity. Cl denotes confidence interval. B
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materially change the study results, as shown in
Table 1 (more detailed tables are provided in the
Supplementary Appendix, available with the full
text of this letter at NEJM.org). The study conclu-
sions remain unchanged. ‘
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TIOTROPIUM IN CHRONIC OBSTRUCTIVE PULMONARY DISEASE

A 4-Year Trial of Tiotropium in Chronic Obstructive

Pulmonary Disease

Donald P. Tashkin, M.D., Bartolome Celli, M.D., Stephen Senn, Ph.D., Deborah Burkhart, B.S.N., Steven Kesten, M.D.,
Shailendra Menjoge, Ph.D., and Marc Decramer, M.D., Ph.D., for the UPLIFT Study Investigators*

ABSTRACT

BACKGROUND
Previous studies showing that tiotropium improves multiple end points in patients
with chronic obstructive pulmonary disease (COPD) led us to examine the long-
term effects of tiotropium therapy.

METHODS
In this randomized, double-blind trial, we compared 4 years of therapy with either
tiotropium or placebo in patients with COPD who were permitted to use all respira-
tory medications except inhaled anticholinergic drugs. The patients were at least 40

years of age, with a forced expiratory volume in 1 second (FEV,) of 70% or less after

bronchodilation and a ratio of FEV, to forced vital capacity (EVC) of 70% or less.
Coprimary end points were the rate of decline in the mean FEV, before and after
bronchodilation beginning on day 30. Secondary end points included measures of
FVC, changes in response on St. George’s Respiratory Questionnaire (SGRQ), exac-
erbations of COPD, and mortality.

RESULYS

Of a total of 5993 patients (mean age, 65+8 years) with a mean FEV, of 1.32+0.44
liters after bronchodilation (48% of predicted value), we randomly assigned 2987 to
the tiotropium group and 3006 to the placebo group. Mean absolute improvements
in FEV, in the tiotropium group were maintained throughout the trial (ranging
from 87 to 103 ml before bronchodilation and from 47 to 65 ml after bronchodila-
tion), as compared with the placebo group (P<0.001). After day 30, the differences
between the two groups in the rate of decline in the mean FEV, before and after
bronchodilation were not significant. The mean absolute total score on the SGRQ
was improved (lower) in the tiotropium group, as compared with the placebo group,
at each time point throughout the 4-year period (ranging from 2.3 to 3.3 units,
P<0.001). At 4 years and 30 days, tiotropium was associated with a reduction in the
risks of exacerbations, related hospitalizations, and respiratory failure.

CONCLUSIONS
In patients with COPD, therapy with tiotropium was associated with improvements
in lung function, quality of life, and exacerbations during a 4-year period but did
not significantly reduce the rate of decline in FEV,. (ClinicalTrials.gov number,
NCT00144339.)
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on the progression of chronic obstructive
pulmonary disease (COPD) through the eval-
uation of the slope of the forced expiratory volume
in 1 second (FEV,) have not shown that inhaled
short-acting anticholinergic drugs, inhaled corti-
costeroids, or N-acetylcysteine alter this marker
of disease progression.*? To date, only smoking
cessation has prospectively been shown to alter the
rate of decline of FEV, in patients with COPD.2
Tiotropium is a once-daily, inhaled anticho-
linergic drug that provides at least 24-hour im-
provements in airflow and hyperinflation in pa-
tients with COPD.#2° Clinical trials lasting 6 weeks
to 12 months have shown improvements in exer-
cise tolerance, health-related quality of life, and
rates of dyspnea and exacerbations.®13 A retro-
spective analysis of 1-year, placebo-controlled
trials indicated that tiotropium had the potential
to slow the rate of decline in FEV,.™4
Given previous favorable clinical outcomes, we
designed this trial to prospectively extend these
observations to 4 years.'* In the Understanding
Potential Long-Term Impacts on Function with
Tiotropium (UPLIFT) trial, we tested whether
tiotropium would reduce the rate of decline in
FEV, in patients with COPD who were permitted
therapy other than other inhaled anticholinergic
drugs, according to current COPD guidelines.
We evaluated the long-term effects of tiotropium
therapy on the clinically important outcomes of
health-related quality of life, exacerbations, re-
lated hospitalizations, and mortality.

PROSPECTIVE STUDIES TESTING EFFECTS

METHODS

STUDY DESIGN

Details of the study design were reported previ-
ously by Decramer et al.** and are summarized
below. The protocol is provided in Supplementary
Appendix 2, available with the full text of this
article at www.nejm.org.

The study was a 4-year, randomized, double-
blind, placebo-controlled, parallel-group trial in-
volving patients with moderate-to-very-severe
COPD.*> The two coprimary end points were the
yearly rate of decline in the mean FEV, before the
use of a study drug and short-acting bronchodi-
lators in the morning (prebronchodilator) and af
ter the use of a study drug (postbronchodilator)
from day 30 (steady state) until completion of
double-blind treatment. Secondary outcome mea-
sures included the rate of decline in the mean

forced vital capacity (FVC) and slow vital capacity
(SVC); health-related quality of life, as measured
by the total score on St. George’s Respiratory
Questionnaire (SGRQ), in which scores range
from 0 to 100, with lower scores indicating im-
provement and a change of 4 units or more con-
sidered to be clinically meaningful; exacerbations
of COPD (as defined below) and related hospital-
izations; and the rate of death from any cause and
from lower respiratory conditions. Details regard-
ing secondary end points are provided in Supple-
mentary Appendix 3.

Patients received either 18 ug of tiotropium
or a matching placebo once daily, delivered
through the HandiHaler inhalation device (Boeh-
ringer Ingelheim). All respiratory medications,
except other inhaled anticholinergic drugs, were
permitted during the trial. Smoking cessation
programs were offered to all patients before ran-
domization, and selfreported smoking behavior
was recorded at each visit. At the end of the
study, all patients were provided with and asked
to take 40 ug of ipratropium (two inhaler actua-
tions) four times daily and to return for a final
assessment 30 days later.

PATIENTS

Patients were recruited at 490 investigational cen-
ters in 37 countries. Criteria for participation in-
cluded a diagnosis of COPD, an age of 40 years or
more, a smoking history of at least 10 pack-years,
a postbronchodilator FEV, of 70% or lgss of the
predicted value, and an FEV, of 70% or less of the
FVC (after supervised administration of 80 ug of
ipratropium [four actuations], followed by 400 ug
of albuterol [four actuations] 60 minutes later).16
Key exclusion criteria were a history of asthma, a
COPD exacerbation or respiratory infection with-
in 4 weeks before screening, a history of pulmo-
nary resection, use of supplemental oxygen for
more than 12 hours per day, and the presence of
a coexisting illness that could preclude participa-
tion in the study or interfere with the study re-
sults. The protocol was approved by the ethics
committee at each center, and all patients pro-
vided written informed consent.

PROCEDURES
After a screening period, eligible patients were
randomly assigned in a 1:1 ratio to regeive either
tiotropium or placebo with the use of centralized
randomization in blocks of four, stratified accord-
ing to site. After randomization, clinic visits oc-
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curred at 1 month and 3 months and then every
3 months throughout the 4-year study period.

Spirometry was performed according to Amer-
ican Thoracic Society guidelines?” at randomiza-
tion, at the 1-month visit, at visits every 6 months
throughout the study period, and at a follow-up
visit approximately 30 days after the end of the
study. Before spirometry testing, respiratory med-
ications were withheld according to the follow-
ing schedule: study drug, 24 hours; morning dose
of inhaled corticosteroids, 12 hours; short-acting
beta-agonists, 8 hours; short-acting (twice-daily
or four-times-daily) theophyllines and long-act-
ing beta-agonists (including fixed combination
with inhaled corticosteroids), 24 hours; and once-
daily theophyllines, 48 hours. Prebronchodilator
spirometry was performed initially, followed im-
mediately by the blinded administration of a study
drug. Immediately thereafter, all patients received
80 ug of ipratropium (four inhaler actuations),
followed 60 minutes later by 400 ug of albuterol
(four inhaler actuations). Thirty minutes after the
administration of albuterol, spirometry was again
performed. Sites were provided with identical
spirometry equipment and study-specific software.
A centralized quality-assurance review of all spi-
rometry data was performed during the study.’s

Health-related quality of life was measured with
the use of the SGRQ before prebronchodilator
spirometry testing at baseline and every 6 months.
Reports of adverse events were collected at each
visit.

Exacerbations were defined as an increase in or
the new onset of more than one respiratory symp-
tom (cough, sputum, sputum purulence, wheez-
ing, or dyspnea) lasting 3 days or more and requir-
ing treatment with an antibiotic or a systemic
corticosteroid. Data regarding exacerbations and
related hospitalizations were collected on study-
specific case-report forms at every visit. An inde-
pendent data and safety monitoring committee
reviewed data throughout the trial (for details,
see Supplementary Appendixes 2 and 4).

STUDY OVERSIGHT
The design of the trial, the monitoring of the
trial conduct, the approval of the statistical analy-
ses, the review and interpretation of the data, the
writing of the manuscript, and the decision to
publish the manuscript involved a joint advisory
committee composed of four academic research-
ers (three investigators and a statistician), three
researchers employed by Boehringer Ingelheim,

and a representative of Pfizer (see Supplementary
Appendix 4). The first draft of the manuscript
was written by an academic investigator, and the
final content of the manuscript was developed
collaboratively by all authors. Statistical analyses
were performed by employees of Boehringer In-
gelheim. All authors had full access to the data
and vouch for the accuracy and completeness of
the data and the analyses.

STATISTICAL ANALYSIS
The number of patients needed for the study was
based on the assumption of a standard deviation
of 90 ml in the rate of decline in the mean FEV,
during the 4-year period? to detect a difference of
15 ml between the tiotropium group and the pla-
cebo group, with a power of more than 90% at
a significance level of 5% with the use of a two-
sided test. The sample size was also based on an
assumption that it would not be possible to per-
form a complete evaluation of 35% of patients be-
cause of early discontinuation. The sample size
was chosen to be sufficiently large to undertake
subgroup analyses of the primary end point in
smokers, who were assumed to comprise about
40% of enrolled patients. The other planned sub-
group analyses included the variables of age, sex,
severity of COPD, region, reversibility, body-mass
index, and concomitant use of medication. In ad-
dition, we conducted a post hoc subgroup analy-
sis comparing patients in each study group who
were or were not receiving inhaled corticosteroids
or long-acting beta-agonists at baséline.

The two coprimary end points were analyzed
with the use of a normal random-effects model
in which the mean FEV, changed linearly after
day 30 for each patient, the intercepts and slopes
among patients were assumed to be random with
an arbitrary covariance matrix, and the treatment
effect was fixed.?® The same model was used for
the secondary end points of FVC and SVC (from
day 30 until study completion) and the total
score on the SGRQ (from 6 months until study
completion). All patients who underwent ran-
domization and received a study drug and who
had at least three post-randomization data points
(at least two for the SGRQ) were included in the
analyses. We used likelihood-based methods to
handle missing data for the random coefficient
regression analysis, and therefore no imputation ;
was deemed necessary. A sensitivity analysis was ~
conducted for the rate of decline in the mean
FEV,, with adjustment for baseline FEV,, smoking
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status, age, sex, and height. Analyses of hetero-
geneity of subgroups were assessed by testing
for interaction between study-group slope and
each baseline factor. The yearly rates of decline
from baseline to 30 days after the discontinuation
of a study drug were analyzed using the Wilcoxon
rank-sum test. The mean effects at various visits
were compared in the two study groups with the
use of repeated-measures analysis of covariance
without imputation of missing values. SGRQ data
from Turkey were excluded owing to incorrect
validation of the questionnaire.

The times to the first exacerbation and asso-
ciated hospitalization in the two study groups
were compared with the use of log-rank tests and
were prespecified as the key secondary analyses.
Cox regression was used to derive hazard ratios.
Kaplan—Meier curves of the probability of no
exacerbation and related hospitalization were
calculated. The number of events and event days
were compared between study groups with the
use of Poisson regression with correction for
treatment exposure and overdispersion.2®

All patients who received a study drug were
included in the analysis of safety and discontinu-
ations. Incidence rates were computed as the
number of patients with events divided by the
time at risk. Time-to-event analyses were per-
formed with the use of the log-rank test; hazard
ratios were calculated with the use of Cox re-
gression.

Analyses were performed with the use of SAS
software, version 8.2 (SAS Institute). All reported
P values are two-sided and were not adjusted for
multiple testing. The scientific steering commit-
tee (Joint Advisory Committee) added a number
of secondary end points and updated the analy-
ses during the course of the trial while its mem-
bers were unaware of study-group assignments.
Details of the statistical analysis plan are pro-
vided in Supplementary Appendix 3.

RESULTS

STUDY POPULATION

Patients were recruited from January 2003 through
March 2004; the study ended in February 2008.
Of the 8020 patients who were recruited, 5993
underwent randomization (Fig. 1). Of these pa-
tients, 4383 (73%) completed 2 years, 3891 (65%)
completed 3 years, and 3569 (60%) completed at
least 45 months. The median duration of treat-
ment was 1436 days in the tiotropium group and

1435 days in the placebo group. A higher propor-
tion of patients did not complete at least 45
honths of treatment in the placebo group (44.6%)
than in the tiotropium group (36.2%, P<0.001)
(Fig. 2A). The majority of discontinuations were
due to adverse events.

Baseline characteristics and concomitant use
of respiratory medications were similar in the
two study groups (Table 1). The mean age was
6518 years among the patients, of whom 75%
were men and 30% were current smokers. The
mean prebronchodilator FEV, was 1.10+0.40 liters
(39% of the predicted value), and the mean post-
bronchodilator FEV, was 1.32+0.44 liters (48%
of the predicted value). The mean increase in FEV,
after maximal bronchodilation was 23+18%.21
Patients whose disease was classified as stage II,
I, or 1V, according to criteria of the Global
Initiative for Chronic Obstructive Lung Disease
(GOLD), comprised 46%, 44%, and 9% of pa-
tients, respectively.* The mean baseline prebron-
chodilator FEV, was lower in patients who discon-
tinued a study drug than in those who completed
the study period (37% vs. 41% of the predicted
value, P<0.001). More than 90% of patients were
receiving respiratory medications at baseline.

During the study period, 26% of patients
changed their smoking behavior. On at least one
clinic visit, 74% of patients reported having re-
ceived inhaled corticosteroids, 72% long-acting
beta-agonists, and 46% a fixed combination of
the two. ¥

RATE OF DECLINE IN LUNG FUNCTION
The rate of decline in the mean postbronchodila-
tor FEV, was greater in patients who prematurely
discontinued a study drug (55+4 ml per year in
the tiotropium group and 57+4 ml per year in the
placebo group), as compared with those who
completed the study period (38+1 ml per year in
the tiotropium group and 401 ml per year in the
placebo group).

There were no significant differences between
study groups in the rate of decline in the mean
values for FEV, and FVC either before or after
bronchodilation from day 30 to the end of study-
drug treatment (Table 2; for SVC measures, see
Supplementary Appendix 5). In the tiotropium
group, the mean values for FEV, and FVC before
and after bronchodilation showed sigpificant im-
provements that were maintained at all time
points after randomization (Fig. 2B and 2C). Mean
improvements in FEV, in the tiotropium group,
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8020 Patients were assessed
for eligibility

2027 Withdrew during
screening or did not meet
entry criteria

5993 Underwent randomization
(487 centers, 37 countries)

Y

2987 Were assigned to receive
tiotropium

1 Did not receive
tiotropium

2986 Received tiotropium plus
usual respiratory medication

1099 Discontinued tiotro-

placebo

3006 Were assigned to receive

| 0 Did not receive placebo

3006 Received placebo plus
usual respiratory medication

1358 Discontinued placebo

pium
627 Had adverse event o H?d Adverse event
2 403 Withdrew consent
300 Withdrew consent 75 Had protocol non-
48 Had protocol non- |- compF:iance
compliance 76 Were lost to follow-

64 Were lost to follow- up
58 Had other reason

up
60 Had other reason

/

1887 Completed the study 1648 Completed the study

Tiotropium analysis sets Placebo analysis sets
2557 Prebronchodilator 2413 Prebronchodilator
spirometry spirometry
2554 Postbronchodilator 2410 Postbronchodilator
spirometry spirometry

Figure 1, Enrollment and Outcomes.

Patients with three or more measurements of pulmonary function after day 30 were included in the analysns of lung
function. Patients in the study were permitted to use all respiratory medications except othet inhaled anticholinergic
drugs: After the initial assessment, one patient underwent randomization twice.

as compared with the placebo group, ranged served in favor of tiotropium, as compared with

from 87 to 103 ml before bronchodilation and placebo 40%3 ml in the tiotropium group and

from 47 to 65 ml after bronchodilation (P<0.001). 47+3 in the placebo group, P=0.040) in the sub-

Adjustments for baseline FEV,, smoking status, group of 1554 patients who were not receiving

age, sex, and height had similar results. either inhaled corticosteroids or long-acting beta-
The prespecified subgroup analyses revealed agonists at baseline.

no significant heterogeneity in the effect of tio- Among 3421 patients from baseline until 30

tropium according to the baseline variables exam- days after treatment discontinuation, the median;
ined (Supplementary Appendix 6). In a post hoc rate of decline in prebronchodilator FEV, did not”

analysis, between-group differences in the rate differ significantly between the tiotropium group
of decline in postbronchodilator FEV, were ob- (15 ml per year) and the placebo group (17 ml per
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“Table 1. Baseline Characteristics of the Patients.*

Characteristic Tiotropium (N =2936) Placebo (N =3006)

Male sex (%) } 75.4 73.9
Age (yr) 64.5+8.4 64.5+8.5
Body-mass index 26.0+5.1 25.9+5.1
Smoking status
Current smoker (%) 29.3 29.9
Smoking history (pack-yr) 49.0+£28.0 48.4+27.9
Duration of COPD (yr) ' 9.9+7.6 9.7+7.4

Baseline spirometry

Before bronchodilation

FEV, (liters) 1.10:0.40 1.09+0.40
FEV, (% of predicted value) 39.5+12.0 39.3+11.9
FVC (liters) 2.63+0.81 2.63:0.83
Ratio of FEV; to FVC 42.4+10.5 42.1+10.5
After bronchodilation
FEV, (liters) 1.33+0.44 1.32:0.44
FEV, (% of predicted value) 47.7£12.7 47.4£12.6
FVC (liters) 3.09+0.86 3.09+0.90
Ratio of FEV, to FVC 43.6+10.8 43.3+10.7
GOLD stage (%) T
I 46 45
i 44 44
v 8 9
SGRQ total score (units)3: 45.7£17.0 ' 46.0x17.2
Respiratory medication (%)
Any 93.4 93.1
Inhaled anticholinergic§
Short-acting 44.9 44l
Long-acting 2.0 4 1.6
Inhaled B,-agonist§
Short-acting 68.5 68.1
Long-acting 60.1 60.1
Corticosteroid
Inhaled§ 61.6 61.9
Oral 8.4 8.3
Theophylline compound 28.4 28.5
Mucolytic agent 7.4 6.9
Leukotriene-receptor antagonist 33 31
Supplemental oxygen 23 19

#* Plus-minus values are means £SD. The body-mass index is the weight in kilograms divided by the square of the height
in meters. FEV, denotes forced expiratory volume in 1 second, FVC forced vital capacity, and SGRQ St. George's
Respiratory Questionnaire.

 Data were missing in this category for 2% of patients. The enrollment of three patients with stage | disease, according
to criteria of the Global Initiative for Chronic Obstructive Lung Disease (GOLD), represented a protocol violation, but
data from these patients were included in the study.

i Data are for 2888 patients in the tiotropium group and 2909 patients in the placebo group. Scores on the SGRQ range from
0 to 100, with lower scores indicating improvement; a change of 4 units or more is considered to be clinicallymeaningful.

§ This medication was used either alone or as a fixed combination.
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A Probability of Discontinuation B FEvV,
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Month 01 6 12 18 24 30 36 42 48
No. at Risk Month
Tiotropium 2986 2726 2565 2432 2293 2177 2060 1970 Day 30
Placebo 3006 2618 2418 2249 2090 1947 1831 1723
C FVC D SGRQ Total Score
3.304 501
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L3
Figure 2. Probability of Treatment: Discontmuahon, ‘Mean FEV, and FVC before and aﬂer Bronchodllétlon, and Scores for Health-Related

Quality of Life.

Panel A shows the probability oftreatment dlscontmuatlon in the tlotroplum group and the placebo group Panel B shows the estimated
mean forced expiratory volume in 1 second (FEV,) before and after bronchodilation from day 30 to the end of the study Before broncho-
dilation, the annual rates of decline were the §ame in the tiotropium group and the placebo group: 301 ml per year. After bronchodila-
tion, the ‘annual rate of decline was 401 ml per year in the tiotropium group; as compared with 421 ml per year in the placebo group.
Panel C shows the mean forced vital:capacity (FVC) before and after bronchodilation from day 30:to the end of the study. Before bron-
chodilation, the annual rate of decline was 433 ml per year:in the tiotropium group and 393 in the placebo group. After bronchodila-
tion, the annual rates of decline' were the same in the tiotropium group and the placebo group: 61+3 ml per year. Panel D shows the health-
related quality-of-life score from month 6 to the end of the study, as measured on St. George’s Respiratory Questionnanre (SGRQ), which
ranges from 0 to 100, with lower scores indicating iprovement, The annual rate of change was 1.25:0.09 units per year in the tiotropi-
um group, as compared with 1.21+0.09 uhits in the placebo group. Repeated-measure analysis of variance was used to estimate means.
Means are adjusted for baseline measurements. For FEV, and FVC, patients with three or more acceptable pulmonary-function tests
after day 30 and no missing baseline values were included in the analysis. For the SGRQ total score, patients with two or more accept-
able scores after month 6 and no missing baseline values were included in the analysis. The I bars represent standard errors, and the
horizontal dashed lines represent baseline levels, Asterisks denote P<0.001, the dagger P=0.002, and the double dagger P=0.04.
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2. Annual Rates of Decline in FEVi ;rid FVC before and after Bféﬁchodiiétibn and Scores oh Heal‘th‘-ReIkat‘édQ:uélity;df Lffe.*:

Difference between Tiotropium P
ble Tiotropium Placebo and Placebo (95% Cl) Valuej
Patients  Mean Decline Patients  Mean Decline
no. mifyr no. mlfyr
efore bronchodilation 2557 30+l 2413 30+1 0+2 (-4 to 4) 0.95
fter bronchodilation 2554 40+1 2410 42£1 -2+2 (-6 t0 2) 021
efore bronchodilation 2557 4313 2413 3913 414 (-4 to 12) 0.30
fter bronchodilation 2554 61+3 2410 6143 1+4 (-7t0 9) 0.84
SGRQ scorej: 2505 1.25+0.09 2362 1.21+0.09 0.04+0.13 (-0.2t0 0.3) 0.78

minus values are means +SE. Values for the rate of decline in forced expiratory volume in 1 second (FEV,) and forced vital capacity

) are expressed as milliliters per year. Values were measured from day 30 until the end of the study (including 30 days after the discon-
tion of treatment). Patients with three or more measurements after day 30 were included in the analysis of lung function.

ues are unadjusted.

s for the health-related quality-of-life score on St. George's Respiratory Questionnaire (SGRQ) are expressed in units per year. Scores on
GRQ range from 0 to 100, with an increase in the score indicating a decline in quality of life; a change of 4 units or more is considered to
nically meaningful. Patients with two or more measurements after month 6 were included in the analysis of the SGRQ.

year) (P=0.25). However, among 3418 patients
who had technically acceptable postbronchodila-
tor spirometry, there was a significant difference
in favor of tiotropium in the median rate of de-
cline in postbronchodilator FEV, (27 ml per year
in the tiotropium group, as compared with 32 ml
per year in the placebo group; P=0.01).

HEALTH-RELATED QUALITY OF LIFE

Significant differences in favor of tiotropium were
observed at all time points for the mean absolute
change in the SGRQ total score (ranging from 2.3
to 3.3 units, P<0.001), although the differences on
average were below what is considered to have
clinical significance (Fig. 2D). The overall mean
between-group difference in the SGRQ total
score at any time point was 2.7 (95% confidence
interval [CI], 2.0 to 3.3) in favor of tiotropium
(P<0.001). A higher proportion of patients in the
tiotropium group than in the placebo group had
an improvement of 4 units or more in the SGRQ
total scores from baseline at 1 year (49% vs. 41%),
2 years (48% vs. 39%), 3 years (46% vs. 37%), and
4 years (45% vs. 36%) (P<0.001 for all compari-
sons). There were no significant between-group
differences in the rate of decline in SGRQ scores
from 6 months to the end of the study (Table 2).

EXACERBATIONS
Tiotropium was associated with a significant de-
lay in the time to the first exacerbation, with a

median of 16.7 months (95% CI, 14.9 to 17.9) in
the tiotropium group and 12.5 months (95% CI,
115 to 13.8) in the placebo group. Tiotropium
was also associated with a significant delay in
the time to the first hospitalization for an exac-
erbation. Since hospitalizations for exacerbations
occurred in less than 50% of patients, a median
time to the first event cannot be calculated. In the
tiotropium group, the associated hazard ratios
were 0.86 (95% CI, 0.81 to 0.91) and 0.86 (95% CI,
0.78 to 0.95), respectively. Tiotropium wgs also
associated with a reduction in the mean number
of exacerbations of 14% (P<0.001) (Fig. 3A and
Supplementary Appendix 7). The mean numbers
of exacerbations leading to hospitalizations were
infrequent and did not differ significantly be-
tween the two study groups (Table 3).

MORTALITY

Data regarding vital status were systematically
requested for patients who prematurely discon-
tinued study participation on a recorded date de-
termined as 4 years from the first day of admin-
istration of a study drug. Data regarding deaths
extending beyond 4 years (up to and beyond 1470
days) were not systematically collected but were
occasionally received. Every effort was made to en-
sure that vital-status data were full and complete
up to 4 years, as described. Vital-status informa-
tion (at least 45 months of follow-up, including
patients who discontinued treatment) was known
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for 98% of patients in the tiotropium group and
97% in the placebo group. During a period of
4 years plus 30 days (1470 days) included in the
intention-to-treat analysis, 941 patients died:
14.9% in the tiotropium group and 16.5% in the
placebo group (hazard ratio, 0.89; 95% CI, 0.79
to 1.02) (Fig. 3B). For the 4-year, protocol-defined
study period up to day 1440, among patients for
whom vital-status information was available, 921
patients died: 14.4% in the tiotropium group and
16.3% in the placebo group (hazard ratio, 0.87
95% CI, 0.76 to 0.99).

ADVERSE EVENTS

Safety was monitored through the collection of
reports of adverse events, serious adverse events,
and fatal events while patients were receiving a
study drug (including the last day of a study drug
plus 30 days). Adverse events were reported by
92.6% of the tiotropium group and 92.3% of the
placebo group. The proportions of serious ad-
verse events were 51.6% in the tiotropium group
and 50.2% in the placebo group. Fatal events oc-
curred in 381 patients (12.8%) in the tiotropium
group and 411 (13.7%) in the placebo group
(hazard ratio, 0.84; 95% CI, 0.73 to 0.97).

In the tiotropium group, as compared with
the placebo group, the most common adverse
events were due to lower respiratory causes, in-
cluding COPD exacerbations (64.8% and 66.1%,
respectively; relative risk, 0.84; 95% CI, 0.79 to
0.89), pneumonia (14.5% and 13.9%; relative risk,
0.96; 95% CI, 0.84 to 1.10), and dyspnea (12.2%
and 14.7%; relative risk, 0.75; 95% CI, 0.65 to
0.86). Respiratory failure developed in 88 patients
in the tiotropium group and in 120 in the pla-
cebo group (relative risk, 0.67; 95% CI, 0.51 to
0.89). Myocardial infarction developed in 67 pa-
tients in the tiotropium group and 85 in the
placebo group (relative risk, 0.73; 95% CI, 0.53

to 1.00), and stroke developed in 82 in the

tiotropium group and 80 in the placebo group
(relative risk, 0.95; 95% CI, 0.70 to 1.29). Adverse
events consistent with the known safety profile
of tiotropium, such as dry mouth and constipa-
tion, were observed.?2:23

Serious adverse events reported by more than
1% of patients in either study group were either
cardiac or respiratory in nature (Table 4). The
incidence of such serious adverse events was
lower in the tiotropium group than in the pla-
cebo group, including a reduced risk of conges-
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Figure 3, Kaplan-Meier Estimates of the Probability of COPD Exacerbation
and Death from Any.Cause. ,
Kaplan—Meier-curves show the cumulative incidence estimate of the proba-
bility of COPD exacerbation (Panel A) and of death from any cause at day
1470 for all patients for whom data were available regarding vital status
(Panel B). The numbers’of patients who continued to receive a study drug
(including those at 30.days after the last dose) are listed for each time point,
with the study period truncated at 48 months. All patients who received at
least one dose of a study drug were included in the analysis. P values were
calculated with use of the log-rank test.

tive heart failure, COPD exacerbation, dyspnea,
or respiratory failure. Serious adverse events ac-
cording to organ system and adverse events that
were reported by more than 3% of patients in
either of the study groups are provided in Sup-
plementary Appendix 8.
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Table 3. Exacerbations of COPD and Related Hospi!:aIiyzations."’=
Variable Tiotropium
Exacerbationt
Per patient-year — no. 0.73+0.02
Leading to hospitalization — no. per 0.15+0.01
patient-year
Days per patient-year 12.11+0.32
Hospitalization days per patient-year 3.17+0.17
Patients with exacerbation — no. (%)%
Total 2001 (67.0)
Leading to hospitalization 759 (25.4)

Relative Risk for Tiotropium

Placebo vs. Placebo (95% Cl) P Value
0.85:£0.02 0.86 (0.81-0.91) <0.001
0.16+0.01 0.94 (0.82-1.07) 0.34
13.64x0.35 0.89 (0.83-0.95) 0.001
3.13x0.17 1.01 (0.87-1.18) 0.86
2049 (68.2) NA 035
811 (27.0) NA 0.18

* Plus—minus values are means +SE. NA denotes not applicable.
7 The relative risks in this category were calculated with the use of Poisson regression corrected for treatment exposure

and overdispersion.

1 The comparisons in this category were calculated with the use of Fisher's exact test.

DISCUSSION

In our study, we showed that in the presence of
freely prescribed respiratory medications (i.e., in-
haled long-acting beta-agonists, inhaled cortico-
steroids, and theophyllines) other than another in-
haled anticholinergic agent, tiotropium (at a dose
of 18 ug once daily) did not alter the rate of de-
cline in the mean FEV, in patients with COPD.
However, lung function was significantly better
than in the placebo group throughout the trial,
and there were improvements in health-related
quality of life and the rate of exacerbations.

As compared with results of previous long-
term, prospective studies, the yearly rate of de-
cline in FEV, that we observed was numerically
lower than the rates of decline reported previ-
ously.>¢ Prospective interventional studies that
were designed to examine the decline in FEV,
— such as the European Respiratory Society
Study on Chronic Obstructive Pulmonary Disease
(RUROSCOP), the Inhaled Steroids in Obstructive
Lung Disease in Europe (ISOLDE) trial, the Lung
Health Study II, and the Bronchitis Randomized
on NAC [N-acetylcysteine] Cost-Utility Study
(BRONCUS) — showed a decline in postbroncho-
dilator rates ranging from 44 to 57 ml per year
in the active-treatment groups and 47 to 69 ml
per year in the placebo groups.>° In our study,
the decline in lung function averaged 30 ml per
year before bronchodilation and 41 ml per year
after bronchodilation in the two study groups,
a change that is less than that in any of the pre-
vious studies. The values for the decline in FEV,

are also smaller than those observed in the post
hoc analysis of lung function in the Towards
a Revolution in COPD Health (TORCH) trial
(ClinicalTrials.gov number, NCT00268216).24
There are several potential explanations for the
discrepancies in the rate of decline in our study,
as compared with those in previous studies. First,
our study design allowed for prescription of all
respiratory therapies at the discretion of physi-
cians, with the exception of another inhaled anti-
cholinergic agent. It is therefore possible that the
medical care that patients received during our
study, including both short-acting and longracting
inhaled respiratory medications and aggressive
treatment of exacerbations, differed from that in
earlier trials and, as a whole, contributed to the
generally lower rates of decline. However, such
factors have not been definitively shown. Second,
in our study, a higher proportion of patients with
sustained abstinence from smoking tobacco may
have resulted in a lower mean rate of decline. In
our study, self-reports of smoking behavior indi-
cated that only 30% of patients were current
smokers at baseline, as compared with 38 to 90%
in other studies.3-¢ Third, other factors, such as
differences in study design, selection of patients,
and regional factors, could also account for dis-
crepancies. In interpreting the results of our
study, one should consider that the rates of de-
cline in our study are similar to those reported
for healthy nonsmokers and sustained;quitters
with mild-to-moderate COPD.> !
Similar, low rates of decline in lung function
were seen in the two study groups. A possible
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Table 4. Incidence Rate of Serious AdVerse Events.per 100 Patient-Years.*
Relative Risk for Tiotropium
Adverse Event Tiotropium (N =2986) Placebo (N =3006) vs. Placebo {95% Cl)
Cardiac 3.56 421 0.84 (0.73-0.98)
Angina 0.51 0.36 1.44 (0.91-2.26)
Atrial fibrillation 0.74 0.77 0.95 (0.68-1.33)
Cardiac failure 0.61 0.48 1.25 (0.84-1.87)
Congestive heart failure 0.29 0.48 0.59 (0.37-0.96)T
Coronary artery disease 0.21 0.37 0.58 (0.33-1.01)
Myocardial infarction 0.69 0.97 0.71 (0.52-0.99)1
Lower respiratory 11.32 13.47 0.84 (0.77-0.92)
Bronchitis 0.37 0.31 1.20 (0.73-1.98)
COPD exacerbation 8.19 9.70 0.84 (0.76-0.94)T -
Dyspnea 0.38 0.62 0.61 (0.40-0.94)T
Pneumonia 3.28 3.46 0.95 (0.81-1.11)
Respiratory failure 0.90 131 0.69 (0.52-0.92) 1

* Listed are the incidence rates of serious adverse events (excluding lung cancer) that were reported by more than 1% of
patients in either study group, according to organ class during the study period (from the first day of administration of

a study drug until the last day plus 30 days).
T P<0.05.

explanation for this finding is that tiotropium
does not influence the decline in lung function
over time. There are other potential explanations.
Current management of COPD could affect the
decline in lung function so that a ceiling effect
occurs and further improvements are not seen in
the absence of an intervention that repairs or
regenerates lung tissue. This possibility is sup-
ported by the high rate of prescriptions for con-
comitant respiratory medications in our study
and by the differences between tiotropium and
placebo in the rate of decline in postbronchodi-
lator FEV, in patients who did not use inhaled
corticosteroids or long-acting beta-agonists. An-
other potential reason is the higher rate of dis-
continuation in the placebo group. Data from our
study and other trials suggest that patients who
discontinue treatment have a more rapid decline
in lung function than those who do not discon-
tinue treatment.?® Since patients who discontin-
ued treatment had, on average, significantly more
severe airflow obstruction at baseline, those in
the placebo group who completed the trial prob-
ably represent “healthy survivors.” The possibil-
ity of a healthy-survivor effect may not be ade-
quately addressed with the prespecified analysis
presented here.25:26

Tiotropium improved measures of airflow ob-
struction and vital capacity that were performed
24 hours after daily study-drug administration

during the 4-year study period. Tiotropium also
improved lung function, as compared with pla-
cebo, beyond the improvement resulting from
serial administration of maximal doses of salbu-
tamol and ipratropium. These improvements in
lung function were accompanied by improve-
ments in some of the clinical outcomes mea-
sured. Scores regarding health-related quality of
life improved relative to placebo during the entiregy
4-year study period. In the tiottopium group,
there were significant delays in the onset of ex-
acerbations and associated hospitalizations. These
outcomes appeared in the presence of substan-
tial use of concomitant COPD therapies.

The results of our study are consistent with
the published pooled safety analysis®® and indi-
cate a reduction in cardiac adverse events associ-
ated with tiotropium. The reduced risk of respi-
ratory failure was also observed in the previous
pooled safety analysis of tiotropium, in which
the relative risk of respiratory failure in the tiotro-
pium group, as compared with the placebo group,
was 0.59 (95% CI, 0.26 to 1.34).22 However, our
study had significantly more power to detect such
differential event reporting because of a larger
and longer exposure to tiotropium.

Our data show that among patients with
COPD who were receiving other classes of respi-
ratory medications during the study period, the
addition of 18 ug of tiotropium once daily for up
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to 4 years did not result in changes in the rate
of decline in lung function. However, there were
important lung-function benefits associated with
tiotropium that were maintained during the
4 years, as well as positive effects on health-relat-
ed quality of life and a reduced risk of exacerba-
tions and exacerbation-related hospitalizations
consistent with a relevant effect on the clinical
course of COPD. Finally, tiotropium reduced re-
spiratory morbidity (including a decreased risk of

respiratory failure) and reduced cardiac morbidity.
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