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“Intelligence is the ability to adapt to change”
- Stephen William Hawking (1942 - 2018)

The International Study of Comparative Health Effectiveness with Medical and Invasive
Approaches (ISCHEMIA) (NCT01471522) is a National Heart, Lung, and Blood Institute
(NHLBI)-funded randomized comparative effectiveness trial testing the incremental value of
an invasive strategy of cardiac catheterization and revascularization (if suitable) when added
to optimal medical therapy in patients with at least moderate ischemia on stress testing and
symptoms controllable with anti-anginal medication, as compared with an initial strategy of
optimal medical therapy with cardiac catheterization reserved for failure of medical therapy.
The trial successfully completed enrollment in January 2018 and is currently in the follow-
up phase. Herein we provide the rationale for choosing the trial’s primary and key secondary
endpoints and the processes leading to their ultimate selection.
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Primary Endpoint Planning in ISCHEMIA

The ISCHEMIA grant application, funded by NHLBI in 2011, designated a 5-component
primary endpoint consisting of cardiovascular death, nonfatal myocardial infarction (Ml),
resuscitated cardiac arrest, or hospitalization for unstable angina or heart failure.! The trial
was designed to optimize precision around point estimates for important clinical outcomes,
to inform shared decision-making between patients and clinicians guided by robust data on
the risks and benefits of alternative therapies for a common condition. After the award, we
sought and received approval from the study’s data safety monitoring board (DSMB), which
was charged with protocol review, and the NHLBI to change the primary endpoint to
cardiovascular death or MI, with a contingency plan clearly articulated in the protocol before
its final approval to switch back to the 5-component endpoint to retain power if an
insufficient number of primary endpoint events accrued at a designated time point during the
trial (before accrual of 75% of endpoint events). This contingency plan was developed to
avoid a common pitfall of other trials, namely lower than projected power because of lower
than projected event rates. An event-driven trial was considered as an alternative but was not
possible because the duration of follow-up and thus costs would be uncertain. The plan to
adopt the 5-component primary endpoint if aggregate, blinded accruing data demonstrated a
lower than expected event rate (or total number of events) was finalized in 2011, approved
by the DSMB and included in the original protocol version dated January 2012, before any
patients were enrolled in the trial.

The projected 4-year primary endpoint event rate of 20% in the conservative strategy was
based on multiple data sources, including the COURAGE nuclear sub-study? and several
stress imaging registries. Although we believed that the projected rate was conservative, we
recognized that precision around these estimates in the literature were wide, that the
ISCHEMIA endpoint definitions were more stringent than in the studies from which
estimates were derived, and that participants enrolled in clinical trials tend to have lower
event rates, in part because of advances in medical therapy. In this regard it is not uncommon
for large clinical trials to have lower than anticipated event rates, and any changes to the
primary endpoint during the trial should be pre-specified, similar to what was done in
ISCHEMIA 3

When and how was the contingency plan activated?

The contingency plan in the trial protocol, which has not changed since 2012, specified that
that an NHLBI-appointed Advisory Panel, independent from the DSMB (as they would have
access to unblinded data) would be convened by NHLBI (if needed) for the purpose of
reviewing unconditional power estimates and making a recommendation to the NHLBI
regarding the need for protocol modifications to preserve trial power. Members of this panel
would not have access to unblinded data by treatment group or other data that might bias
their recommendation.

Projections in 2015, using updated assumptions for the randomization rate, suggested that
the initially planned 8,000 randomized participant sample size would not be reached, and
concurrent accruing data suggested that the observed rate of inappropriate cardiac
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catheterization in the conservative strategy arm was substantially lower than projected. A
formal request to reduce the randomization target to 5,000 was accepted by NHLBI in 2016.
The first analysis to project the final aggregate number of primary endpoint events was
conducted in 2016, blinded to treatment group. Based on the pooled aggregate event rate at
that time, in concert with revised recruitment projections, study leadership determined there
was a need to discuss activation of the contingency plan with the Steering Committee and
investigators. In 2016, the projected need to increase the power by extending follow-up and
reverting to the 5-component endpoint as the primary endpoint was discussed at Steering
Committee and Investigator meetings and communicated to participating sites.

The Independent Advisory Panel was convened by NHLBI in May 2017. Panel members
were chosen based on their expertise in clinical trials and having had no role in the design or
conduct of the ISCHEMIA Trial. The Independent Advisory Panel was presented with
power and precision estimates for the 2-component and 5-component endpoints calculated
using a range of assumptions about the extension of enrollment and follow-up* and
incorporating event rate estimates derived from blinded review of the aggregate accruing
study data.> The Independent Advisory Panel explicitly discussed the concern that the 5-
component composite may be regarded as a “softer endpoint.” After weighing these various
options, the Independent Advisory Panel recommended to NHLBI and study leadership that
the primary endpoint be reverted to the original 5-component composite endpoint, and that
the 2-component composite endpoint be retained as a key secondary endpoint, in addition to
extending follow-up. In June 2017, study leadership and NHLBI accepted the Panel’s
recommendation, which was communicated to the Steering Committee and Investigators at
August and November 2017 in-person meetings and by e-mail to all participating sites.

Is the current primary endpoint clinically important?

The choice of a primary endpoint for a large clinical trial should be based on a variety of
considerations including expected event rates, importance to patients, sensitivity to
intervention, and susceptibility to bias in ascertainment and reporting. All-cause mortality is
undoubtedly the most relevant, unbiased single endpoint. Unfortunately, the sample size
required to detect a difference in all-cause mortality in the stable ischemic heart disease
population receiving optimal medical therapy enrolled in ISCHEMIA would have been
prohibitively high. Even though ISCHEMIA randomized 5179 participants, more than the
sum of participants randomized in the COURAGE and BARI 2D trials, it was not adequately
powered for a primary endpoint of all-cause mortality, which would have required a sample
size of 11,656 patients (80% power for a 20% risk reduction. Power can be increased by
extending the duration of follow-up, and we hope to be funded to execute the plan proposed
in the protocol to extend duration of follow-up for several years after completion of the
currently funded phase of the trial to assess all-cause mortality.

During the design of the trial, the study team had extensive discussions about which events
were most relevant to add to cardiovascular death or M1 for a composite endpoint. Unstable
angina was selected because it is clinically relevant, has quality of life and economic impact,
and because revascularization has the potential to reduce unstable angina by reducing the
frequency and extent of ischemia. However, a clinical diagnosis of unstable angina is subject
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to ascertainment and reporting bias by unblinded investigators and patients. Hence unstable
angina was defined strictly (Table) and adjudicated centrally (see ascertainment bias
mitigation measures below). Resuscitated cardiac arrest, defined as successful resuscitation
for documented cardiac arrest, may be caused by severe ischemia; therefore, risk for this
endpoint may be reduced by revascularization. Hospitalization for heart failure was chosen
as a component of the primary endpoint because of its strong relationship with stable
ischemic heart disease, its impact on subsequent mortality in other cardiovascular trials, and
because of the pathophysiologic link between repeated ischemic or injury events and
ischemic cardiomyopathy. Consequently, revascularization for extensive ischemia could
theoretically prevent the development of heart failure.

While we recognize that some of these endpoints are not as “hard” as cardiovascular death
or MI, unstable angina and heart failure hospitalization are valid and clinically important
outcomes in a trial designed like ISCHEMIA for the following reasons:

1. Patients were randomized before cardiac catheterization. This is a critical design
feature that distinguishes ISCHEMIA from COURAGE, BARI 2D, and FAME 2,
in which participants were randomized with full knowledge of their coronary
anatomy. During the design phase of the trial it was felt that knowledge of
coronary anatomy could have led to exclusion of high risk subsets in these earlier
trials. Moreover, knowledge of coronary anatomy can increase the risk of
ascertainment bias among providers and patients, potentially increasing reported
events and crossovers in participants randomized to a conservative strategy;
although being masked to anatomy reduces the risk, it does not eliminate it.

2. Bias in the ascertainment of events is mitigated by carefully constructed data
collection that focuses sites on endpoint events, screening of ECG and
angiographic core laboratory data for possible events, including core lab
reviewed routine two-year ECGs, site investigator and coordinator education
about the importance of event reporting, use of triggers to complete an event
form and provide source documents based on algorithms programmed to capture
missed events (e.g., cardiac biomarker elevation; hospitalization for other reasons
including chest pain, dyspnea, or pneumonia; and change in NYHA and or CCS
class on consecutive study visits), request for information on potential events
found during review of source documents. In addition, methods are employed to
ensure reporting of hospitalizations, including periodic review of medical records
by site coordinators, review of national, regional, or health insurance databases
(where available), cross checking of US medical bills against reported
hospitalizations and, at selected sites, monitoring visits with medical record
review. The open label Occluded Artery Trial® also included hospitalization for
heart failure in the primary endpoint and demonstrated no evidence of
ascertainment bias, with no between group differences. During the conduct of
ISCHEMIA, site variation in anticipated vs. observed event reporting has been
reviewed. Sites with low reported event rates had additional monitoring
(including on-site monitoring). No concerns have been identified thus far based
on these efforts but this will continue to be carefully monitored.
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3. Patients with high levels of angina at baseline, a main driver for treatment
crossovers from a conservative strategy, were excluded from randomization,
thereby limiting the potential effects of participants’ residual biases about
revascularization on the unstable angina endpoint.

4. Although not directly mitigating reporting bias, the ISCHEMIA definitions of
these endpoints include objective criteria that are more stringent than the recent
FDA panel recommendation.” For example, the Table compares the criteria for
unstable angina hospitalization from FAME 28 with those of ISCHEMIA. The
ISCHEMIA criteria not only require symptoms and hospitalization, but also
objective ECG criteria that must be read and confirmed by the ECG core lab,
and/or specific angiographic findings confirmed by the angiographic core lab.
Events that do not have ECGs available for core lab review or do not show
specified changes are not confirmed as unstable angina. Similarly, the definition
of hospitalization for heart failure requires all of the following: hospitalization
for symptoms and physical signs of heart failure and need for additional or
intensified therapy for heart failure.

5. The endpoints are adjudicated centrally by a Clinical Events Committee blinded
to assigned treatment strategy.

Reporting bias due to anxiety related to not receiving a “desired treatment” is a real
phenomenon but is complex due to the nature of patients’ symptoms and the wide range of
patient preferences. Furthermore, the desired treatment may differ between patients and
providers. For example, in the Occluded Artery Trial (OAT) trial, the most common reason
for patient refusal to participate was preference for conservative management whereas
physician refusals were mainly due to their bias towards invasive strategy.®

The endpoint cardiovascular death or Ml is a key secondary endpoint for ISCHEMIA and
remains of major importance to all stakeholders. Of note, based on aggregate accrued data,
the trial is projected to have 80% power to detect a 20% reduction in the 2-component
endpoint. However, only all-cause mortality is truly incontrovertible. Numerous definitions
of Ml are in widespread use (especially for procedure-related events), and ascertainment bias
may affect the assessment of MI events. Such bias is minimized in ISCHEMIA by protocol-
driven biomarker and ECG assessments, and rigorous use of pre-specified Ml definitions by
the CEC, with components of the MI definition requiring confirmation by the ECG and/or
angiographic core labs.

As we stated in our letter to the Editor,10 “The ISCHEMIA Trial has been conducted in
accordance with the most rigorous clinical trial standards. The process described above to
change the primary endpoint was deliberate and carefully considered, involving the trial
Leadership Committee, Steering Committee, NLHBI program staff, statisticians, and
independent experts; it took nearly a year of planning. As leaders of this NHLBI-funded
trial, we take seriously the humbling responsibility granted to us to conduct this trial, and we
are confident that the wealth of trial data, the rigor with which it is collected, and our careful
adherence to standards in the conduct of clinical trials will substantially advance our
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knowledge about the management of patients with stable ischemic heart disease and at least
moderate ischemia.”

Acknowledgments

Funding Sources: NIH grants U01HL105907, U01HL105462, U0O1HL105561, U0O1HL 105565

Author Disclosures: This article refers to work supported by National Heart, Lung, and Blood Institute grant
U01HL 105907 and U01HL 117905, in-kind donations from Abbott Vascular; Medtronic, Inc.; St. Jude Medical,
Inc.; Volcano Corporation; Arbor Pharmaceuticals, LLC; AstraZeneca Pharmaceuticals, LP; Merck Sharp &
Dohme Corp.; Omron Healthcare, Inc.; and by financial donations from Arbor Pharmaceuticals LLC and
AstraZeneca Pharmaceuticals LP. The content is solely the responsibility of the authors and does not necessarily
represent the official views of the National Heart, Lung, and Blood Institute, the National Institutes of Health, or the
U.S. Department of Health and human Services. Drs. Bangalore, Maron, Reynolds, O’Brien, Alexander and
Hochman report NIH grant support for the ISCHEMIA trial. Dr. Bangalore reports grant from Abbott Vascular;
consultant/advisory board for Abbott Vascular, Amgen, Merck, Pfizer, and AstraZeneca.

References

1.

Cuspidi C, Facchetti R, Bombelli M, Sala C, Tadic M, Grassi G, Mancia G. Risk of mortality in
relation to an updated classification of left ventricular geometric abnormalities in a general
population: the Pamela study. Journal of hypertension. 2015; 33:2133-2140. [PubMed: 26196652]

. Shaw LJ, Berman DS, Maron DJ, Mancini GB, Hayes SW, Hartigan PM, Weintraub WS, O’Rourke

RA, Dada M, Spertus JA, Chaitman BR, Friedman J, Slomka P, Heller GV, Germano G, Gosselin G,
Berger P, Kostuk WJ, Schwartz RG, Knudtson M, Veledar E, Bates ER, McCallister B, Teo KK,
Boden WE, COURAGE Investigators. Optimal medical therapy with or without percutaneous
coronary intervention to reduce ischemic burden: results from the Clinical Outcomes Utilizing
Revascularization and Aggressive Drug Evaluation (COURAGE) trial nuclear substudy. Circulation.
2008; 117:1283-1291. [PubMed: 18268144]

. Brancati FL, Evans M, Furberg CD, Geller N, Haffner S, Kahn SE, Kaufmann PG, Lewis CE,

Nathan DM, Pitt B, Safford MM, Look AHEAD Study Group. Midcourse correction to a clinical
trial when the event rate is underestimated: the Look AHEAD (Action for Health in Diabetes)
Study. Clinical trials. 2012; 9:113-124. [PubMed: 22334468]

. Cook TD. Methods for mid-course corrections in clinical trials with survival outcomes. Stat Med.

2003; 22:3431-3447. [PubMed: 14601011]

. Cook TD, Kosorok MR. Analysis of Time-to-Event Data With Incomplete Event Adjudication.

Journal of the American Statistical Association. 2004; 99:1140-1152.

. Hochman JS, Lamas GA, Buller CE, Dzavik V, Reynolds HR, Abramsky SJ, Forman S, Ruzyllo W,

Maggioni AP, White H, Sadowski Z, Carvalho AC, Rankin JM, Renkin JP, Steg PG, Mascette AM,
Sopko G, Pfisterer ME, Leor J, Fridrich V, Mark DB, Knatterud GL, Occluded Artery Trial
Investigators. Coronary intervention for persistent occlusion after myocardial infarction. N Engl J
Med. 2006; 355:2395-2407. [PubMed: 17105759]

. Hicks KA, Mahaffey KW, Mehran R, Nissen SE, Wiviott SD, Dunn B, Solomon SD, Marler JR,

Teerlink JR, Farb A, Morrow DA, Targum SL, Sila CA, Thanh Hai MT, Jaff MR, Joffe HV, Cutlip
DE, Desai AS, Lewis EF, Gibson CM, Landray MJ, Lincoff AM, White CJ, Brooks SS, Rosenfield
K, Domanski MJ, Lansky AJ, McMurray JJV, Tcheng JE, Steinhubl SR, Burton P, Mauri L,
O’Connor CM, Pfeffer MA, Hung HMJ, Stockbridge NL, Chaitman BR, Temple RJ, Standardized
Data Collection for Cardiovascular Trials Initiative (SCTI). 2017 Cardiovascular and Stroke
Endpoint Definitions for Clinical Trials. Journal of the American College of Cardiology. 2018;
71:1021-1034. [PubMed: 29495982]

. De Bruyne B, Pijls NH, Kalesan B, Barbato E, Tonino PA, Piroth Z, Jagic N, Mobius-Winkler S,

Rioufol G, Witt N, Kala P, MacCarthy P, Engstréom T, Oldroyd KG, Mavromatis K, Manoharan G,
Verlee P, Frobert O, Curzen N, Johnson JB, Jiini P, Fearon WF, FAME 2 Trial Investigators.
Fractional flow reserve-guided PCI versus medical therapy in stable coronary disease. N Engl J
Med. 2012; 367:991-1001. [PubMed: 22924638]

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2019 May 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Bangalore et al. Page 7

9. Ahmed S, Mayo NE, Higgins J, Salbach NM, Finch L, Wood-Dauphinee SL. The Stroke
Rehabilitation Assessment of Movement (STREAM): a comparison with other measures used to
evaluate effects of stroke and rehabilitation. Phys Ther. 2003; 83:617-630. [PubMed: 12837123]

10. Letter by Hochman and Maron Regarding Article, ‘Faith Healing” and ‘Subtraction Anxiety’ in

Unblinded Trials of Procedures: Lessons From DEFER and FAME-2 for End Points in the
ISCHEMIA Trial. Circ Cardiovasc Qual Outcomes. 2018; 11:e004742.doi: 10.1161/
CIRCOUTCOMES.118.004742 [PubMed: 29636347]

Circ Cardiovasc Qual Outcomes. Author manuscript; available in PMC 2019 May 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Bangalore et al. Page 8

Table
Definition of hospitalization for unstable angina in FAME 2 and in ISCHEMIA

FAME 2 ISCHEMIA

Unplanned hospitalization Hospitalization for Unstable Angina

leading to a urgent Prolonged ischemic symptoms at rest (usually =10 minutes in duration), or accelerating pattern of chest
revascularization procedure pain that occurs with a lower activity threshold (CCS class 111 or 1V) considered to be myocardial ischemia
Patient is hospitalized upon final diagnosis resulting in an unscheduled visit to a healthcare facility resulting in an overnight stay
unexpectedly because of generally within 24 hours of the most recent symptoms, cardiac biomarkers not meeting Ml criteria, and at
persisting or increasing least one of the following:

complaints of chest pain (with or . .

without ST-T changes) AND a . New or worsening ST or T wave changes on resting ECG* (core laboratory assessed)

revascularization is performed

within the same hospitalization . Angiographic evidence of a ruptured/ulcerated plaque, or thrombus in an epicardial coronary

artery believed to be responsible for the ischemic symptoms/signs (core laboratory assessed).

*ECG Criteria:

ST segment shifts and T-wave changes: New horizontal or down-sloping ST depression =0.05 mV in two
contiguous leads; and/or T inversion 0.1 mV in two contiguous leads, or new ST segment elevation
20.1mV in 2 contiguous leads. The ST-T wave criteria only apply in the absence of findings that would
preclude ECG analysis such as LBBB, LVVH with repolarization abnormalities, pre-excitation and
pacemakers.
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