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The long-term progression of coronary artery disease as defined by the natural disease course
years after a myocardial infarction (Ml) is an important but poorly studied area of clinical research.
The long-Term rlsk, clinical manaGement, and healthcare Resource utilization of stable coronary
artery dlSease in post-myocardial infarction patients (TIGRIS) study was designed to address this
knowledge gap by evaluating patient management and clinical outcomes following Ml in different
regions worldwide. TIGRIS (ClinicalTrials.gov Identifier: NCT01866904) is a multicenter, observa-
tional, prospective, longitudinal study enrolling patients with history of Ml 1 to 3 years previously
and high risk of developing atherothrombotic events in a general-practice setting. The primary
objective of TIGRIS is to evaluate clinical events (time to first occurrence of any event from the
composite cardiovascular endpoint of MI, unstable angina with urgent revascularization, stroke, or
death from any cause), and healthcare resource utilization associated with hospitalization for these
events (hospitalization duration and procedures) during follow-up. Overall, 9225 patients were
enrolled between June 2013 and November 2014 and are being followed in 369 different centers
worldwide. This will allow for the description of regional differences in patient characteristics, risk
profiles, medical treatment patterns, clinical outcomes, and healthcare resource utilization. Patients
will be followed for up to 3 years. Here we report the rationale, design, patient distribution, and
selected baseline characteristics of the TIGRIS study. TIGRIS will describe real-world management,
quality of life (self-reported health), and healthcare resource utilization for patients with stable cor-
onary artery disease >1 year post-Ml.
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1 | INTRODUCTION

Atherosclerotic plaque ulceration, erosion, or rupture, followed by
platelet activation and thrombus formation, is thought to constitute
the main cause of cardiovascular (CV) events. Medical management of
patients after an acute coronary syndrome (ACS) is based on multiple
randomized clinical trials defining the acute (typically first-year) treat-
ment after the index event. Although potent P2Y, inhibitors are the
most important cornerstone, the exact duration of the treatment is
still under discussion.r™ This evidence-based management has
reduced mortality significantly in recent years, but patients surviving
the first year after an ACS remain at high risk for future CV events.>®
This risk is aggravated by distinct comorbidities, including hyperten-
sion, diabetes mellitus (DM), and chronic renal dysfunction, as well as
a history of recurrent myocardial infarction (M) or documented his-
tory of angiographic evidence of multivessel coronary artery disease
(CAD).” ! These comorbidities will also impact on medical manage-
ment. Studies prolonging dual antiplatelet therapy for >12 months
show improved outcomes in this regard.}>*® However, other combi-
nations of antiplatelet drugs combined with low-dose oral anticoagu-
lants appear to be beneficial for long-term event reduction.'*

With better survival of the first year after an ACS, the prevalence
of this high-risk population is growing worldwide, and rehospitaliza-
tion remains frequent and unchanged over decades.>*¢ Therefore, it
is important to establish an understanding of the demographics, treat-
ments, and outcomes of these patients over time to tailor therapy
strategies for the individual patient. The availability of the long-Term
rlsk, clinical manaGement, and healthcare Resource utilization of sta-
ble coronary artery dlSease in post-myocardial infarction patients
(TIGRIS) registry will complement the current armament of generally
country-specific registries of variable design that render extrapolation
of observations to other countries and regions difficult.'”"*® Further-
more, the limited information that is available suggests that manage-
ment patterns and outcomes may vary for different nations. Direct
comparisons of regional differences in post-MI management and out-
comes would be facilitated through the standardized aggregation of
this information across different countries.

The goal of TIGRIS is to provide a standardized prospective and
longitudinal description of patient characteristics, events (per person-
years at 12 and 24 months), healthcare resource utilization, and cur-
rent treatment patterns as seen in a relatively unselected patient
population post-ACS. In this prospective observational study, patients
from 25 different countries with a previous Ml 1 to 3 years before
enrollment in the registry and at high risk of developing future ather-
othrombotic events will be followed for up to 3 years (minimum of

2 years).

2 | METHODS

2.1 | Overall study design

TIGRIS (http://www.clinicaltrials.gov NCT01866904) included a
follow-up period of up to 3 years. All patients underwent routine
clinical assessment and received the standard medical care, as deter-
mined by the treating physician. Patients did not receive any experi-
mental intervention or treatment because of their participation in the
study. The overall study design is shown in Figure 1.

2.2 | Study population

TIGRIS included patients age =50 years with a documented history of
presumed spontaneous MI with their most recent Ml having occurred
1 to 3 years prior to enrollment, and with >1 of the following risk fac-
tors: age 2 65 years, DM treated with medication, documented history
of a second MI >1 year prior to enrollment, multivessel CAD, and/or
chronic non-end-stage renal dysfunction (creatinine clearance calcu-
lated by Cockcroft-Gault equation at 15 mL/min to <60 mL/min). The
requirement for patients to have experienced a recent M| and have at
>1 additional risk factor essentially mirrors the patient population from
the Prevention of Cardiovascular Events in Patients with Prior Heart
Attack Using Ticagrelor Compared to Placebo on a Background of
Aspirin-Thrombolysis In Myocardial Infarction 54 (PEGASUS-TIMI 54)
trial.12 All patients provided written informed consent for participation.
The inclusion and exclusion criteria are described in Table 1.

2.3 | Aim and objectives

The TIGRIS study will evaluate prospectively over a follow-up period
of up to 3 years (minimum of 2 years) the risk for recurrent CV
events in this high-risk stable post-MI population. The primary objec-
tive is to evaluate clinical event rates (time to first occurrence of any
event from the composite CV endpoint of MI, unstable angina
(UA) with urgent coronary revascularization, stroke, or death from
any cause), and healthcare resource utilization associated with hospi-
talization for CV and bleeding events (duration of hospitalizations,
and procedures) over the follow-up period. Definition of Ml is based
on the universal definition of Thygesen et al. in 2012.1? Definition of
UA is based on the presence of ischemic chest pain and hospitaliza-
tion within 24 hours of most recent symptoms, without elevation in
cardiac biomarkers but with evidence of ischemia. Urgent coronary
revascularization for recurrent symptoms of chest pain at rest was
defined as percutaneous coronary intervention revascularization
within 7 days of symptom onset or surgical revascularization within

14 days of symptoms. Stroke was defined as neurological deficit due
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Onsite visit

Follow-up every 6 months
(phone calls/site visits)
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* Demographics

« Risk factors

+ Medical history
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* Prior MI history

» Healthcare resource utilization associated
with events (previous 6 months)

» QoL assessment

Follow-up

* Clinical outcomes (cardiovascular events,
bleeding events, mortality)

« Antithrombotic medication, other
medications use and adherence

+ Healthcare resource utilization associated
with events

« Employment status and productivity loss
for patient and caregiver (only for relevant
countries)

* QoL assessment

FIGURE 1 Study design. Abbreviations:
MI, myocardial infarction; QoL, quality of
life (self-reported health status)

TABLE 1 Inclusion and exclusion criteria

Inclusion Criteria Exclusion Criteria

Age 2 65y

Presence of any condition or circumstance that, in the opinion of the investigator,
could significantly limit the complete follow-up of the patient (eg, tourist, non-
native speaker or does not understand the local language where interpreter
services are not reliably available, psychiatric disturbances, alcohol or drug
abuse)

DM requiring medication

Presence of serious/severe comorbidities that, in the opinion of the investigator,

may limit life expectancy to <1y

Documented history of a second prior presumed spontaneous
MI (>1y ago)

Documented history of angiographic evidence of multivessel

Current participation in a blinded RCT

Patients receiving treatment with ticagrelor beyond 12 months, or off-label use of

CAD ticagrelor

Chronic, non-end-stage renal dysfunction (CrCl 215 mL/min and
<60 mL/min, calculated by Cockcroft-Gault equation)

Abbreviations: CAD, coronary artery disease; CrCl, creatinine clearance; DM, diabetes mellitus; MI, myocardial infarction; RCT, randomized clinical trial.

to an ischemic or hemorrhagic central nervous system event with
residual systems >24 hours after onset or leading to death.
Secondary objectives are to describe the rate of ischemic events
(M, UA with urgent revascularization, ischemic stroke, CV-related death,
and death for unknown reasons) and to evaluate the incidence of bleed-
ing events requiring medical attention. The latter were defined as any
overt sign of hemorrhage requiring intervention, leading to hospitaliza-
tion, or prompting an unscheduled evaluation. Other objectives are to
describe associations between patient characteristics with quality of life
(self-reported health status) and with the use of evidence-based thera-
pies, the association between oral antiplatelet therapy and clinical events
(ischemic, death for any cause, and bleeding; including in high-risk sub-
groups such as elderly patients, patients with DM, renally impaired
patients, or patients with recurrent MI), and to describe risk-factor con-

trol in this high-risk population.

2.4 | Site selection and patient enrollment

In total, 334 sites (333 active with =1 patient recruited, and 1 site with
no patients) have participated in the TIGRIS study in 25 countries

worldwide. A National Principal Investigator (NPI) was identified for
each participating country. In an attempt to obtain a representative
sample at a country level, recruitment of sites and subjects was initially
based on predefined selection of physicians (office-based primary-care
physicians and cardiologists as well as cardiologists based in hospitals
with outpatient clinics) by NPlIs; this was intended to provide a distribu-
tion of physicians across regions and locations (ie, urban, suburban, and
rural areas). The aim was for each participating site to enroll 210
patients. (A complete list of participating sites and principal investiga-
tors is provided in Supporting Information, Appendix I, in the online ver-
sion of this article.) All patients will be followed for up to 3 years in

accordance with the study design shown in Figure 1.

2.5 | Study duration and phases

Overall, 9225 patients were enrolled between June 2013 and
November 2014, and the planned duration of the study is from June
2013 (first patient in) until September 2017 (last subject's last visit).
Data collection is performed during the initial visit and every

6 months such that every patient will have between 2 and 3 years of
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follow-up. These follow-ups are conducted either by a telephone call
or personal visit, depending on the approach considered most practi-
cal and effective (Figure 1). This provides information on these high-
risk patients for a period from a minimum of 1 year to a maximum of

6 years since the index Ml event.

2.6 | Study variables

Variables obtained at baseline/enrollment and at the 6-monthly
follow-up visits included patient demographics (sex, age, race, place
and type of residence, education level, and professional status; see
Supporting Information, Appendix Il, in the online version of this arti-
cle). Socio-demographics such as living-arrangement status, income,
and health-insurance status were also collected. In addition, the prev-
alence of CV and bleeding risk factors, history of CAD and other CV
disease, as well as details of the medical history related to the index
MI with a focus on antithrombotic medications have been assessed.

Also captured during the initial visit were variables from routine
physical examination (heart rate, blood pressure [BP], weight, height,
waist circumference) and from existing routine laboratory tests (renal
function tests, lipid profile, hemoglobin, and glycated hemoglobin), if
they were available and if they were performed within 3 months
prior to the visit and up to 1 month after the visit (assuming no clini-
cal events within this time window).

Emphasis was paid to healthcare resource utilization related to
CV or bleeding conditions during the 6 months preceding enroliment.

Measures of health status as assessed by the EuroQol 5-
Dimensions (EQ-5D) and EuroQol Visual Analog Scale (EQ-VAS) were
collected at baseline. This measures self-reported health status in
5 dimensions (EQ-5D: mobility, self-care, usual activities, pain or dis-
comfort, anxiety or depression) with 3 levels of severity (none, mod-
erate, severe). For each patient, a single health state value, or utility,
was calculated (EQ-Index and EQ-VAS scores) and set on a scale
ranging from O (which corresponds to death) to 1 (EQ-Index) or from
0 to 100 (EQ-VAS; which corresponds to a best-imaginable state of
health).

Information was also collected at baseline regarding clinics/out-
patient center characteristics.

During the follow-up period, clinical outcomes (death, CV events,
and bleeding events), antithrombotic medications and other
evidence-based medications, and patient-reported health status
assessed by the EQ-5D are collected. Productivity loss, such as sick
leave for the patient and the caregiver that is event-related, is being
captured from a subset of approximately 10% of the study population
from several countries where this information is considered particu-
larly relevant (Nordic Region and The Netherlands). A complete list of
variables captured in the study at baseline and during follow-up is
provided in the Supporting Information, Appendix I, in the online ver-

sion of this article.

2.7 | Collection of data

Data are collected using electronic case-report forms (eCRFs). Initial
data collection was performed by the investigator. During the follow-

up period, patients are either contacted via telephone every

6 months or attend for a study visit from the site. Follow-up phone
calls are performed by either trained staff from the enrolling hospital
or from a designated call center, in accordance with a standard proto-
col, to assist in recording of treatments, events, and medical visits.

At each follow-up time point, predefined clinical outcome events
in the study as well as the variables related to associated healthcare
resource utilization during hospitalization are collected directly from
the treating physician/hospital through a standardized event confir-
mation eCRF and hospital module in the eCRF, respectively, in accor-
dance with the following protocol. If, during interview, the patient or
relative reports a predefined CV or bleeding-related hospitalization,
the treating physician or hospital is contacted for confirmation of this
event. Further information allowing determination of final diagnosis,
primary cause of hospitalization, duration of hospital stay, procedures
and interventions, and related healthcare resource utilization during
hospital stay is collected from the treating physician or hospital
directly through a standardized hospital module in the eCRF. If a
death occurred, efforts are made to identify the cause of death (CV-
related or non-CV) through the death certificate where available, or

through relatives, physicians, or hospitals where it is not.

2.8 | Statistical methods and sample-size
determination

This is a descriptive observational study without predefined hypothe-
sis testing. A statistical analysis plan finalized prior to database lock
(July 2017) specified the planned evaluation. Occurrence of primary
and secondary CV and bleeding endpoints will be presented as inci-
dence rate (number of patients with >1 event divided by total event-
free person time) and rate of recurrent events (total number of
events divided by total person time). The incidence rate of the pri-
mary composite and ischemic composite and their components, and
bleeding events, will be stratified for the inclusion risk factors that
define high-risk CAD (age = 65 years, treated DM, documented his-
tory of a second MI >1 year prior to enrollment, multivessel CAD,
and/or chronic renal dysfunction), index MI characteristics, sex, and
region. In addition, the association of these covariates with the pri-
mary composite is planned to be explored with a multivariable Cox
proportional-hazards regression.

Use of medications over the study period, and specifically the
use of antithrombotic medication, will be described in terms of use at
specific time points during follow-up. EQ-5D data collected during
the study will be reported descriptively. Healthcare resource utiliza-
tion associated with CV and bleeding events reported during the
follow-up period will be assessed.

No formal power calculation has been undertaken for this
descriptive study. Sample size was primarily driven by each country's
needs based on payer requirements from their markets. On this basis,
an initial sample size of 10 170 patients was estimated; due to delays
in ethics approval in some countries, 9225 patients were ultimately
recruited into the study. Assuming a 2- to 3-year cumulative inci-
dence or risk ranging from 5% to 10% for both ischemic and hemor-
rhagic events, this sample size would provide a precision, defined by
the 95% confidence interval, of £0.4% and +0.6%, respectively. This

is supported by the initial data collected at 1 year, where the
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cumulative incidence in 9225 patients was estimated at 3.8%. This
would result in a 2-year cumulative incidence of 7.5% (+0.5), assum-
ing a constant hazard over time, consistent with the original calcula-

tion above.

2.9 | Ethics approval

The final protocol was approved by the relevant ethics committee
from each country and the site ethics committee. The study is being
performed in accordance with ethical principles consistent with the
Declaration of Helsinki revision, International Conference on Harmo-
nisation of Good Clinical Practice guidelines, and the applicable legis-
lation on noninterventional studies.

2.10 | Funding and responsibilities

TIGRIS is sponsored by AstraZeneca and is noninterventional in
nature, with no drugs being supplied or funded. The TIGRIS Executive
Committee comprises 12 members (7 cardiologists, 1 clinical pharma-
cologist, 1 health economist, and 1 statistician, and 2 representatives
from AstraZeneca). The executive committee with support from
AstraZeneca is responsible for the design and conduct of this study,

and all study analyses.

2.11 | Participating regions

The following is a list of the participating regions. Asia-Pacific, with
5 countries: Australia, China, India, Japan, and South Korea (n = 2850
patients [31%)]). Europe, with 13 countries: Belgium, Denmark, Fin-
land, France, Germany, ltaly, Netherlands, Norway, Portugal, Roma-
nia, Spain, Turkey, and the UK (n = 4240 patients [46%]). North
America: 2 countries, Canada and the United States (n = 1024
patients [11%)]). South America, with 5 countries: Argentina, Brazil,
Colombia, Mexico, and Venezuela (n = 1111 patients [12%]; Table 2
and Figure 2).

2.12 | Patient characteristics

Characteristics of patients in TIGRIS are shown in Table 2. Patients in
Asia-Pacific and South America were younger; hence, the risk factor
of age > 65 years was less frequently met as an inclusion criterion.

There was a higher percentage of patients with treated DM in these

TABLE 2 Patient characteristics

WILEY [

2 regions compared with patients from Europe or North America. On
the other hand, the percentage of patients with a second prior MI
(before the index MI) was higher in Europe and North America,
whereas multivessel CAD was seen more frequently in patients from
North America and Asia-Pacific. The rates of chronic renal dysfunc-

tion were similarly distributed worldwide.

3 | DISCUSSION

This report describes the rationale and design of the TIGRIS study.
TIGRIS will investigate patients with stable CAD who are at high risk
of adverse events due to multiple risk factors. Specifically, TIGRIS will
address regional differences in patient characteristics, clinical out-
comes, medical treatment patterns, and healthcare resource utiliza-
tion of patients with high risk of future CV events 1 to 3 years
post-Ml.

The risk of future CV events in patients with a history of Ml is
increased by comorbidities such as DM and chronic kidney disease as
well as the age and the complexity of CAD. Although many randomized
clinical trials have addressed this risk with emphasis on the first
12 months after an M, little is known about the risk of subsequent
ischemic events beyond this time in a “real-world” population. The
improved survival post-MI and the aging population are creating an
emerging patient group for whom there is a problematic knowledge gap.
Specifically, there is a growing number of patients with a remote history
of MI for whom there is little evidence to guide appropriate treatment.

Recently, Jernberg and colleagues published outcome data from
a large Swedish national registry including 108 315 patients after Ml
with long-term follow-up.2® Overall, 10% of the patients died during
the hospital stay and within 1 week after hospital discharge, and an
additional 12.3% died over the following year. The cumulative rate of
the CV composite outcome, including recurrent Ml and stroke and
CV death, was 18.3% in the first year after a MI. The CV risk
remained high, with 9.0% in the next 12 months and 20.0% in the
following 36 months. Similarly, Rapsomaniki and colleagues investi-
gated patients age > 65 years from 1 year following Ml in the 4-
nation APOLLO study (Study of an Investigational Drug, Patisiran, for
the Treatment of Transthyretin-Mediated Amyloidosis). The adjusted
risk of mortality over the subsequent 3 years ranged from 12.8% to

19.5%; the corresponding risks of hospitalized bleeding events ranged

Asia-Pacific and North South P
All Australia Europe America America Value?
Patients 9225 (100) 2850 (30.9) 4240 (46.0) 1024 (11.1) 1111 (12.0)
Inclusion risk factors
Age 2 65y 5766 (62.5) 1652 (58.0) 2814 (66.4) 666 (65.0) 634 (57.1) <0.001
DM requiring medication 2805 (30.4) 999 (35.1) 1118 (26.4) 307 (30.0) 381 (34.3) <0.001
Second prior Ml 943 (10.2) 210 (7.4) 491 (11.6) 131 (12.8) 111 (10.0) <0.001
Multivessel CAD 6052 (65.6) 1921 (67.4) 2714 (64.0) 715 (69.8) 702 (63.2) <0.001
Chronic renal dysfunction (CrCl 15-60 mL/min) 707 (7.7) 212 (7.4) 327 (7.7) 78 (7.6) 90 (8.1) 0.898

Abbreviations: CAD, coronary artery disease; CrCl, creatinine clearance; DM, diabetes mellitus; MI, myocardial infarction. Data are presented as n (%).

2 P values estimated using y? test.
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FIGURE 2 Patient enrollment in long-Term rlsk, clinical manaGement, and healthcare Resource utilization of stable coronary artery dISease in
post-myocardial infarction patients (TIGRIS) by country and region. Abbreviations: UK, United Kingdom; USA, United States of America

from 2.7% to 4.9%.%* These data, derived from datasets from France,
Sweden, the United States, and the United Kingdom, were generated
for a variety of purposes using different collection and validation
methodologies; hence, it is difficult to ascertain whether the variation
in event rates between countries reflected real differences or varia-
tions in methodology.

In 2 recently reported acute dual antiplatelet therapy randomized
clinical trials, mortality risk (Kaplan-Meier) in the 12 months follow-
ing randomization was generally low; for example, for the PLATO
study (Comparison of ticagrelor and clopidogrel in patients with acute
coronary syndrome), rates were 4.5% for ticagrelor and 5.9% for clo-
pidogrel'; and in TRITON-TIMI 38 (Prasugrel versus clopidogrel in
patients with acute coronary syndromes-Thrombolysis In Myocardial
Infarction), rates were 3% for prasugrel and 3.2% for clopidogrel.??
PEGASUS-TIMI 54 (Prevention with ticagrelor of secondary thrombotic
events in high-risk patients with prior acute coronary syndrome-
Thrombolysis In Myocardial Infarction) investigated the long-term addi-
tion of ticagrelor to aspirin, initiating treatment 1 to 3 years after a MI.2
The 3-year Kaplan-Meier mortality risk was 5.2% in the aspirin arm, sub-
stantially lower than that observed in the APOLLO program. Therefore,
it is clear, compared with more selected and generally younger patients
within randomized clinical trials, that the unselected population has a

k.2* This emphasizes the need for real-world data

substantially higher ris
collected using a standardized, rigorous, consistent methodology to
access outcomes during the years following a Ml. In addition to the pro-
vision of representative, general practice evidence, a major strength of
TIGRIS is the focus on different countries. Notably, 31% of study
patients derive from Asia-Pacific and 12% from South America, areas

where the availability of such information is relatively limited.

TIGRIS has already shown that post-MI patients from Asia-Pacific
and South America are younger and have a higher incidence of DM
compared with patients from Europe or North America. Given these
baseline differences in populations, TIGRIS will provide important infor-
mation on comparative outcomes and healthcare resource utilization in
the years after a M. Interpretation of these outcomes will be greatly
aided through the recording of medical management patterns in differ-

ent international settings and their association with clinical outcomes.

3.1 | Study limitations

It should perhaps be noted that the selection of site investigators
was not random; general physicians or cardiologists were selected
because they have access to sufficient resources to facilitate patient
enrollment. Although consecutive patient selection was encouraged,
TIGRIS employed specific inclusion and exclusion criteria that may
have resulted in a cohort not wholly representative of all post-Ml sur-
vivors. Additionally, central adjudication was not used in the TIGRIS
study, with patient-reported outcomes confirmed by the event-

treating physician.

4 | CONCLUSION

TIGRIS is a study that documents demographics, comorbidities, treat-
ment patterns, and outcome data in unselected stable CAD patients
with previous MI in general-practice settings. Data are being col-
lected internationally in a rigorous, standardized, and consistent fash-

ion, providing a relevant picture of both the burden of recurrent
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events and variability in management and outcomes in this poorly
studied patient population.
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