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Abstract

TOPCAT was a multinational clinical trial of 3,445 heart failure with preserved ejection fraction
(HFpEF) patients that enrolled in 233 sites in six countries in North America, Eastern Europe and
South America. Patients with a heart failure hospitalization in the last 12 months or an elevated B-
type natriuretic peptide (BNP) were randomized to the mineralocorticoid receptor antagonist
spironolactone vs. placebo. Sites in Russia and the Republic of Georgia provided the majority of
early enrollment, primarily based on the hospitalization criterion since BNP levels were initially
unavailable there. With the emergence of country-specific aggregate event rate data indicating
lower rates in Eastern Europe and differences in patient characteristics there, the DSMB
recommended relatively increasing enrollment in North America plus other corrective measures.
Although final enrollment reflected the increased contribution from North America, a plurality of
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the final cohort came from Russia and Georgia (49% vs. 43% in North America). BNP
measurements from Russia and Georgia available later in the trial suggested no or a mild level of
heart failure consistent with low event rates. The primary results showed no significant
spironolactone treatment effect overall (primary endpoint hazard ratio 0.89 (0.77, 1.04)), with a
significant hazard ratio in North and South America (0.82 (0.69, 0.98), p =0.026) but not in Russia
and Georgia (1.10 (0.79, 1.51), interaction p = 0.12).

This report describes the DSMB’s detection and management recommendations for regional
differences in patient characteristics in TOPCAT, and suggests methods of surveillance and
corrective actions that may be useful for future trials.

CONDENSED ABSTRACT

TOPCAT was a multinational clinical trial of 3,445 HFpEF patients conducted in six countries in
North America, Eastern Europe and South America, comparing spironolactone to placebo. Sites in
Russia and the Republic of Georgia provided a plurality of the final cohort (49% vs. 43% in North
America). Patient and biomarker data from Russia and Georgia suggested no or mild heart failure
in patients enrolled in these regions, likely explaining a lack of treatment effect there. This report
describes the DSMB’s detection and suggested management of these regional differences, and
recommends policies that may be useful for future trials.

INTRODUCTION

Country- or region-specific differences in outcomes are frequently observed in multinational
clinical trials (1-3) and may or may not be indicative of true differences in drug response
(4). Geographies may vary with respect to genetics (4,5), non-genetic racial characteristics
(5,6), medical practice, training or infrastructure patterns that may influence outcomes
despite general adherence to a clinical trial protocol (4), and other factors. In the planning
and conduct of multinational clinical trials the potential impact of geographic differences in
outcomes is one of many important factors that needs to be considered, but often is not taken
into account (4).

The Treatment of Preserved Cardiac Function Heart Failure with an Aldosterone Antagonist
Trial (TOPCAT) (7,8) was a large scale, multinational National Heart Lung and Blood
Institute (NHLBI)-sponsored clinical trial conducted in 233 sites in six countries located in
three distinct geographic regions: North America (U.S. and Canada); Eastern Europe (Russia
and the Republic of Georgia); and South America (Argentina and Brazil). The target disease
indication investigated, heart failure with preserved left ventricular ejection fraction
(HFpEF), has been a challenge to define and enroll in clinical trials and has thus far eluded
the development of definitive therapy (9,10). The TOPCAT Data and Safety Monitoring
Board (DSMB) worked closely with the NHLBI, Trial Executive/Steering Committee and
the Data/Clinical Coordinating Center to deal with several major challenges during the trial.
In this report we attempt to provide insight into regional heterogeneity issues in TOPCAT,
including how they were detected and the recommendations made by the DSMB to resolve
them. Based on this experience we offer suggestions for DSMB oversight of potential
geographic disparities in future multinational trials.
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DSMB organization

Database

The TOPCAT DSMB organization and responsibilities are given in the online Supplement.

The database consisted of Clinical Trial Coordinating Center (CTCC) reports provided to the
Open and Closed Sessions of the various DSMB meetings, the meeting minutes, monthly
safety reports viewed by the DSMB Chair, correspondence of the Chair with the NHLBI and
published data from the TOPCAT entire cohort (8,11). Interval enrollment data were the
most recent figures available at the various reviews or from more extensive “data freeze”
analyses performed within two months of the meetings.

Statistical methodology

Analyses were as described for the TOPCAT trial (7,8,11) using an unadjusted model.
Additional analyses were conducted using Chi Square/contingency table tests with a
Bonferroni correction.

Funding source and mechanism

The TOPCAT trial was supported by NHLBI contract HHSN268200425207C awarded to
New England Research Institutes Clinical Trials Coordinating Center.

TOPCAT TRIAL

Overview

TOPCAT (Clinical Trials.gov humber, NCT00094302) enrolled 3445 patients with HFpEF
between August 10, 2006, and January 31, 2012 with a mean follow-up of 3.3 years ending
on June 30, 2013. Overall (8) and regional (8,11) differences in outcomes have been
previously reported. The primary endpoint of TOPCAT was the composite of time to
cardiovascular death, aborted cardiac arrest or heart failure hospitalization, with each
component adjudicated by a clinical events committee (CEC). Inclusion of non-U.S. sites
was an integral part of the original study design, in order to enhance generalizability of the
results and manage trial costs.

In addition to monthly safety monitoring that was focused on the class adverse effects of
MRAs or MRAs in combination with other renin-angiotensin system inhibitors
(hyperkalemia, renal function, gynecomastia in each blinded treatment arm), at its scheduled
meetings the DSMB monitored overall enrollment, the aggregate (both treatment groups
combined) event rate and country-specific data. Throughout the trial the DSMB elected not
to disclose the observed aggregate event rate to the Executive/Steering Committee, but to
report to them any important departure from the pretrial assumption expected rate that might
impact statistical power. The interim analysis plan included a DSMB review of unblinded
primary outcome data by treatment arm at 33%, 50% and 75% of the expected number of
primary endpoints, using events confirmed by the CEC and respective efficacy conditional
power futility boundaries of <10%, <15% and <20%. The trial reached completion, with 671
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subjects having a primary event (8). The hazard ratio (95% confidence intervals) for the
primary endpoint was 0.89 (0.77, 1.04), p = 0.14 (8); and 0.83 (0.69, 0.99), p = 0.04 for time
to heart failure hospitalization as a single endpoint (8).

The TOPCAT protocol defined HFpEF as a) having at least one heart failure symptom
present during screening, b) one heart failure sign present during the last 12 months, and c)
meeting criteria for one of two design strata: at least one hospitalization in the last 12
months “for which heart failure had to be a major component of the hospitalization,” or an
elevated brain natriuretic peptide (BNP) or N-terminal pro-BNP level sampled in the last 60
days. To exclude HFrEF, the LVEF measured during the previous 6 months had to be =45%.
The dual hospitalization or natriuretic peptide (NP) qualification scheme for enrollment was
necessary because at the beginning of the trial BNP or NT-proBNP assays were not
universally available. For the final cohort 28% of patients were enrolled using natriuretic
peptide (NP) criteria (8), 45% of patients in North and South America and 11% in Eastern
Europe. The prespecified subgroup analysis of heart failure qualifying criteria yielded a
significant interaction p value of 0.01, with an NP subgroup hazard ratio of 0.65 (0.49,0.87),
p = 0.003 and the heart failure hospitalization subgroup having no evidence of a treatment
effect (hazard ratio 1.01 (0.84,1.21), p = 0.92) (8).

Of the 981 patients enrolled by NP criteria, 81% were from North or South America.
Additional evidence of geographic differences in outcomes by country and region were
noted (8,11). Patients enrolled in Russia and Georgia had lower event rates in the placebo
arm, and in the spironolactone arm no evidence of of hyperkalemia or renal dysfunction
despite having an increased incidence of gynecomastia plus no evidence of a treatment effect
(8,11). The hazard ratio of the primary endpoint for patients enrolled in the Americas was
0.82 (0.69, 0.98), p =0.026, compared with 1.10 (0.79, 1.51), p = 0.58 in Russia and Georgia
(p=0.12 for interaction between treatment and region) (8,11).

Pre-trial plans and projections—The DSMB also served as the protocol review
committee, with the final version of the protocol approved in January, 2005. The protocol
contained language on the logistical and clinical research organizational support for
recruiting patients from North and South America, Western Europe and Eastern Europe. The
DSMB became aware of the potential for non-North American sites to influence the overall
outcome of the trial when the plan to enroll a large number of patients from Russia and the
Republic of Georgia was reported by Trial leadership and the sponsor at the first DSMB
meeting in December, 2006 (Figure 1). Support for an Eastern European strategy as a means
of facilitating recruitment was offered by the TOPCAT Steering Committee leadership, who
reported that the CHARM Preserved Trial® “had not observed any interaction between
patient prognosis and country,” including Russia. Nevertheless the DSMB expressed
concern over enrolling a large number of patients with a diagnosis of HFpEF in non-North
American sites. The DSMB-recommended strategy to deal with this issue included a)
monitoring of source documents to check that the qualifying hospitalization met the heart
failure criterion, for which translation of source records would be needed; b) requesting that
at a minimum, 20% of all patients enrolled should come from North America, and the
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enrollment from any one country should not exceed 50%; and c) asking that enrollment rates
and other trial data be monitored by country.

The projected enrollment by region, presented by Steering Committee leadership at the
January, 2008 DSMB meeting (Figure 1), is given in Figure 2 juxtaposed against the actual
final enrollment on January 31, 2012. In the pre-trial projections, 51.1% of patients were
expected to be enrolled in Eastern Europe (42.2% in Russia and 8.9% in Georgia), 27.8% in
North America (20.0% in the U.S. and 7.8% in Canada), and 21.1% in South America
(11.1% in Argentina and 10.0% in Brazil). The final Russia/Georgia enrollment was close to
projections, whereas North American enrollment was higher and South American was lower
(Figure 2). The trend for enrollment to favor more North American participation over time
was at the request of the DSMB, to counter the early dominance of Eastern European
enroliment.

Recruitment dynamics—Enrollment milestones and important trial developments are
summarized in Figure 1 and discussed in more detail in the online Supplement. The first
patient was enrolled in August, 2006 approximately one year behind schedule due primarily
to delays in manufacture and supply of study medication. In March 2007 the DSMB was
provided with the first data available for review, for 165 patients randomized in Russia,
Georgia and the U.S. Figure 3 shows the dominance of Russia and Georgia in the early
phases of trial enrollment, followed by the steady ascendancy of North American
randomization. At the completion of enrollment in January 2012 the Russia and Georgia
contribution had fallen below 50% of the total, but still constituted a plurality: North
America, n = 1477 (42.9%); Russia and Georgia, h = 1678 (48.7%); South America 290
(8.4%) (Figure 3).

Geographic discrepancies in recruitment and clinical course of patient populations

Details of the DSMB’s detection of and management recommendations for geographic
discrepancies in the TOPCAT patient population are given in the online Supplement, with
highlights summarized below and in Figure 1.

Emergence and detection; tactical responses—The first evidence suggesting that
patients from Russia or Georgia were potentially different from other TOPCAT regions
emerged from country-specific baseline characteristics for the first 794 enrolled patients,
presented at the January 2008 DSMB scheduled review (Figure 1). The data indicated that a
history of myocardial infarction or angina was more prevalent in patients enrolled in Russia,
and that Russian and Georgian patients had less orthopnea by history compared to patients
from other countries. The significance of these early findings was not clear at the time, but
based on subsequent developments these data likely reflected a predominance of coronary
artery disease pathophysiology in Russia, and a lesser degree or absence of heart failure in
Russian and Georgian patients compared with other countries.

The first indication that the aggregate (combination of both treatment arms) event rate was
lower in Georgia or Russia was revealed in the September, 2008 Closed Session review
(Figure 1), where based on 1461 total randomized patients Georgia’s was 2.0% compared to
5.4% overall and 9.0% in the U.S. However, the number of events was low (only 6 in
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Georgia and 38 in the U.S.). These data were insufficient for drawing firm conclusions, but
in response the DSMB recommended that the Trial leadership “encourage Georgian
Investigators to enroll patients as expected per the study protocol”.

At the September, 2008 meeting the DSMB approved a plan to reduce the total target
enrollment from 4,500 to 3,515 patients with 2 years of minimum follow-up, based on the
aggregate event rate being as expected and estimated length of median follow-up being
longer, plus accepting a power calculation of >80% opposed to 90%. In this event-driven
trial the new sample size calculations were based on 80% and 85% power for 551 and 630
primary events respectively, assuming a 20% relative difference between the two treatment
arms (8). In addition, the DSMB requested a substudy of BNP in patients entering the trial
via a history of heart failure hospitalization to assess the severity of heart failure at baseline
among the different countries, and that the trial obtain a BNP or NT-proBNP on every
patient enrolled in Georgia and Russia. Finally, the DSMB requested that adverse events,
serious adverse events and primary endpoint event rates be presented by country at all future
meetings.

At the next DSMB review in April 2009 (Figure 1) the country-specific unadjudicated
aggregate primary event rate patterns first noted at the September 2008 meeting persisted,
and are given in Table 1. Georgia was an outlier, with an event rate 75% lower than the
composite of all other countries (p <0.0001), and 83% lower than the U.S. (p <0.0001). The
event rate in Russia was 35% lower than the average of other countries (p = 0.017), 56%
lower than the U.S. (p <0.0001), and 2.6 fold higher than Georgia (p = 0.010). The statistical
analysis of the event rates in Table 1 is post hoc, and was not performed at the time of data
review. However, the lower event rate in Georgia was noted at the DSMB review, which
prompted it to recommend an increase in enrollment of patients in the United States and
Canada in an attempt to address the circumstances in Russia and Georgia. In March, 2010
the first unblinded interim analysis was performed, at 33% of the expected primary events
(Figure 1). Based on the conditional poer being above the futility threshold the
recommendation was to continue the trial with the current design.

In early October 2010 NHLBI Program Divisional leadership managing the trial held an
unscheduled meeting with the DSMB Chair (Figure 1) to review results of the requested
BNP Pilot project in Russia, and to discuss a review of source records for the qualifying
hospitalization that had been reviewed by an NHLBI Program staff member fluent in
Russian. In the vast majority (19 or 20) of the 22 reviewed hospitalizations ischemic
symptoms rather than heart failure appeared to predominate. It was noted by NHLBI
Program staff that this was consistent with ischemic heart disease prevalence data from the I-
PRESERVE (10) and EVEREST (12) trials. The BNP and NT-proBNP data from Russia
were compared to data from other countries (Table S1 and associated discussion in online
Supplement). The majority of patients who had been enrolled via the heart failure
hospitalization criteria, most of whom had NP samples drawn after enrollment and not
during the hospitalization, had values within the normal range. In contrast, very few (9%)
U.S. or Canadian patients, all of whom had NP draws done during the index hospitalization,
had values within the normal range. The NT-proBNP median value for all patients entering
the trial via the hospitalization criterion in Russia or Georgia was within the normal range
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(respectively 233 pg/ml and 164 pg/ml), whereas it was markedly elevated (887 pg/ml)in the
U.S. and Canadian patients. Concerns over these data were expressed in written
communication to the NHLBI, where the DSMB Chair outlined a strategy recommending
that the Steering Committee institute closer monitoring of enrollment criteria for patients in
both Russia and Georgia (online Supplement).

These recommendations were accepted by the full DSMB at the scheduled 2nd interim
analysis meeting later in October (Figure 1), where unblinded outcome data on 2,732
patients easily exceeded the conditional power futility boundary (online Supplement).
During this meeting the Trial leadership and the CTCC pointed out that the the BNP Pilot
data were subject to selection bias because most samples in North America were obtained
during a HF hospitalization, as opposed to in Russia and Georgia where NPs were drawn
post randomization after the index hospitalization. Nevertheless, the low (208 pg/ml
combined) median values of Russian and Georgian patients were known to be associated
with low mortality or cardiovascular hospitalization event rates in HFrEF (13), and were
subsequently shown to be associated with a low composite cardiovascular mortality and
heart failure hospitalization rate in HFpEF (14). Thus although the NP data from the Pilot
study did not allow a direct comparison of Eastern European enrolled patients to those
enrolled in the Americas, they were consistent with the low primary event rates in Russia
and Georgia. After extensive discussion of this issue, it was decided to terminate the NP
Pilot study, and to again emphasize to Russian and Georgian investigators to ensure that
patients hospitalized for apparent heart failure met the eligibility criteria for the trial.

By the June 2011 review (Figure 1) 3,080 patients had been enrolled, and for the first time
U.S. enrollment (n = 1,024) exceeded any other country (Figure 3). The previously noted
country-specific differences in baseline characteristics and event rates persisted at this and
the subsequent review in December, 2011 (Figure 1) conducted in 3317 patients. At the June
2012 DSMB review (Figure 1) full enrollment had been reached 5 months earlier, with the
U.S. leading recruitment at 33.4% of the total (Table 1). Relative to the projected enroliment,
the actual final enrollment by country was: U.S. 167% over target, Canada 122%, Russia
73%, Georgia 200%, Argentina 32% and Brazil 48% (Figure 2). However, despite the over-
enrollment in the U.S. and Canada, the two Eastern European countries enrolled 48.7% of
the total, compared to 42.9% in North America and 8.4% in South America.

The final interim analysis, at 75% of the projected number of primary events, was conducted
at the June, 2012 review (Figure 1). Conditional power again was well above the futility
boundary (20%), and was 51% using the observed event rates in each arm modeled forward
to the completion of follow-up, or 69% using the observed placebo event rate but the pre-
trial/expected 20% difference in crude event rates in the remaining patients active in the trial
who had not had a primary event. The country-specific hazard ratios and number of events
are shown in Table 2. Based on 382 patients with confirmed primary events the overall
hazard ratio was 0.792 (p = 0.020, efficacy boundary for stopping = 0.001). At this interim
an additional 161 patients had unconfirmed events that were pending adjudication, and when
they were included the hazard ratio p value was 0.118. Country-specific hazard ratios were
available for the first time, and are shown in Table 2. For the confirmed events there was no
evidence of a treatment effect in Georgia, but the number of primary events (n = 14) was
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extremely small. There was also little evidence of a treatment effect in Russia (hazard ratio
0.95) despite 62 primary events being observed. These country-specific hazard ratios are
consistent with the final trial outcome in North/South America combined vs. Russia/Georgia
(8, 11).

TOPCAT trial follow-up was completed on June 30, 2013, and top line results were
presented by to the DSMB and NHLBI on September 18, 2013 (Figure 1). The total number
of primary events was 671 (8), which conferred >85% power to detect a relative difference
in event rates of 20% between the two treatment arms.

Potential causes of geographic discrepancies—In TOPCAT four of the six
countries exhibited relatively similar patient characteristics and event rates, as well as
favorable effects of spironolactone treatment. Data from the two Eastern European countries
differed from the four countries in the Americas, but also from each other. The Russian
cohort was dominated by clinical presentations of ischemic heart disease, a common cause
of HFpEF, and patients may have been symptomatic (dyspneic) due to ischemia rather than
heart failure. An increased prevalence of an ischemic etiology in Eastern European HFpEF
patients that was known unofficially during the TOPCAT Trial was eventually published for
the I-PRESERVE and CHARM-Preserved patient populations (15). It is therefore possible
that ineffectiveness of spironolactone as an anti-ischemic agent, rather than lack of efficacy
against HFpEF, might have contributed to the TOPCAT results in Russia.

A predominance of ischemic heart disease symptoms, however, was apparently not the issue
in patients enrolled in the Republic of Georgia, who from the beginning of the trial had a
very low event rate and little evidence for heart failure based on signs and symptoms or
random NP measurements. The lack of any treatment effect in these patients may well have
been due to the fact that heart failure was either absent or much milder compared to those
enrolled in the Americas.

Although study drug compliance did not appear to account for the lack of treatment effect in
Russia and Georgia as these countries reported using higher doses of both spironolactone
and placebo (11), in the spironolactone arm there was a substantially higher incidence of
hyperkalemia and elevations in serum creatinine in the Americas compared with Russia/
Georgia (11). This was interpreted as a “lack of pharmacologic effect” in Russian and
Georgian patients (11), but could also be due to the absence of actual study drug
consumption. However, Russia and Georgia patients had an increase in gynecomastia in the
spironolactone vs. the placebo arm (11), indicating they were likely taking study medication.
Gynecomastia in the absence of marked hyperkalemia has been observed in another
spironolactone vs. placebo HFpEF study (16), and could be characteristic of a subcohort of
patients. These pharmacodynamic adverse event data were not reviewed by country during
the trial by the DSMB, although they were being tracked monthly for the entire trial.
Country-specific AEs and SAEs within their standard regulatory organ system groupings
were tracked by the DSMB, and no obvious differences between countries or regions were
noted in any review.
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LESSONS LEARNED AND RECOMMENDATIONS FOR FUTURE TRIALS

Lessons Learned

While the country-specific and regional heterogeneity in TOPCAT could be viewed as
expected statistical variation in a large multinational trial (1,3), the differences in patient
characteristics, lower event rates, lack of certain drug class-related pharmacodynamic effects
(11) and complete lack of treatment effect in Russia/Georgia compared with the other
regions strongly suggest that more than the play of chance occurred.

Enrollment issues—Because of the difficulty in identifying the phenotype (17) and other
issues, enrollment of patients into HFpEF clinical trials can be challenging. Consequently, in
HFpEF trials the pressure to enroll at a projected rate vs. the imperative to confine
enrollment to the target population is in even more in conflict than usual. TOPCAT started
behind schedule, and once begun there was brisk enroliment from two countries where data
ultimately proved to be qualitatively problematic. By the time it was appreciated that there
were serious issues with patient characteristics and event rates in patients from Russia and
Georgia, both countries had enrolled substantial numbers of subjects. The lesson learned
here is that during the early as well as the later phases of trial enrollment, recruitment from
one or two regions or sites should not dominate, and patient characteristics should be
monitored carefully in order to identify potential regional irregularities in study
subpopulations.

What you see early may be what you get late—The discrepant patterns of patient
characteristics and event rates in Russia or Georgia were present from the first opportunity to
observe them, and persisted throughout the trial. Although it is well known that treatment
effects can vary during a trial, fluctuations in patient characteristics and overall event rates
may not exhibit such plasticity. It would seem prudent to place considerable weight on early
observations that remain consistent, particularly if they could threaten trial integrity.

Country- and region-specific event rates need to be carefully followed and
may demand dissemination beyond the DSMB—AL no time during the trial did the
aggregate event rate depart from expectations, and this was periodically communicated to
the Steering Committee. Country-specific event rates were not specifically disclosed by the
DSMB to the Steering Committee, and it is possible that such information would have
triggered earlier or more definitive corrective actions. Continuing to enroll in a region where
the event rate is inadequate to assess the tested treatment effect is questionable, and at a
minimum should be brought to a steering committee’s attention. In TOPCAT this
information was communicated only indirectly. Once the DSMB was confident there was an
issue, direct reports of the actual aggregate event rates to the Trial’s leadership might have
resulted in different management decisions.

In a large, multicenter clinical trial, change is difficult but not changing may
be fatal—Both aspects of this popular management trope apply to large multicenter trials,
especially multinational ones. For various reasons that include regulatory compliance and
site burden, investigators are understandably reluctant to make substantive changes in
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clinical protocols during a trial. Yet there are often developments in trials that need major
adjustments or changes in overall approach. In TOPCAT first opportunity for geographic
diapartiy corrective measures occurred at the review in April 2009, with the confirmation
that event rates were extremely low in Georgia, and low in Russia. The DSMB
recommendation at the time was continued enhanced enrollment of patients in North
America. Thereafter an ad hoc NP study strongly suggesting much less advanced heart
failure in Russia or Georgia plus persistence of the lower event rates and the Trial’s response
of accelerated site monitoring did not lead to any apparent change in the clinical
characteristics of randomized patients, or to curtailment of enrollment. In fact Georgia
finished at 200% of its enrollment target, and after April 2009 another 666 patients were
enrolled in Russia nd Georgia. If those patients had been enrolled in the Americas it could
be speculated that the trial may have been positive.

Requirement of an elevated B-type natriuretic peptide measurement in future
HFpEF trials?—As referenced in the Trial Overview section, the hazard ratio in the 981
patients enrolled with an elevated BNP or NT-proBNP was highly statistically significant at
0.65 compared to the nonsignificant hazard ratio in the 2,464 patients enrolled based on a
history of HF hospitalization (8,11). In HFpEF an elevated NP level adds precision to the HF
diagnosis and provides objective evidence for a certain degree of HF severity (13,14). NP
assays are now available in virtually all regions where clinical trial capability exists.
However, in I-PRESERVE a treatment effect of the angiotensin receptor blocker irbesartan
was only observed in patients with randomization NT-proBNP levels below the median of
339 pg/ml (18), a value below the TOPCAT qualifying value of 360 pg/ml. In addition, in
TOPCAT NP levels are not easily separated from the geographic disparity issues. Therefore,
further analysis of the TOPCAT data will be required to add credence to any
recommendation regarding baseline NP levels and eligibility criteria for future HFpEF trials.

Adaptive increases in trial sample size can be prospectively designed, and
may increase the probability of success—Despite the country/region-specific issues
in TOPCAT, it is possible that the trial could have been salvaged based on information
available at the 75% of total events interim analysis. Specifically, when a late/pre-specified
interim analysis has a hazard ratio within certain boundaries termed the “promising zone
(PZ)” the sample size may be increased without inflating Type 1 error (19,20). In general the
PZ band encompasses conditional powers between 50% and 80% (19,20), which is where
the TOPCAT conditional power calculations were at the 75% interim. Operationally the
option to increase sample size by a prespecified amount based on conditional power or
Bayesian predictive probabilities needs to be prospectively defined, and of course the
sponsor must be willing to support the increase in trial budget to account for the sample size
increase. An increase in sample size, by for example 25%, could have been a
recommendation by the DSMB if this “adaptive” strategy had been incorporated into the
design. However, NHLBI budget limitations, overall trial fatigue and the downside of
extended follow-up of already enrolled patients all would have argued against such an
approach. Notably the 75% interim analysis overall hazard ratio was substantially lower
(0.79, Table 2) than the final result of 0.89, and so some of these negative factors including
an increasingly high study drug discontinuation rate that reached 34% in the spironolactone
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arm at trial completion (8, online Supplement) may have adversely affected outcomes
between the 75% interim and completion of the trial. If in fact any additional enrolled
patients would have had outcomes similar to those recorded between the 75% interim
analysis and the end of the trial the additional increase in sample size would not have
rendered the trial positive.

Recommendations for future trials

Based on the above issues and discussion, the TOPCAT DSMB has the following
suggestions for multinational clinical trials:

1.

CONCLUSIONS

Launch the trial in a variety of geographic jurisdictions, and do not allow 1
or 2 geographic areas to dominate early (or late) enrollment.

The DSMB should follow country- and region-specific patient
characteristics and aggregate event rates carefully, beginning early in the
trial; if a country or region exhibits event rates that are statistically
significantly lower than the composite of other regions and especially if
this is reinforced by differences in disease characteristics, bring this to the
attention of Steering Committee leadership.

Establish detailed plans for trial surveillance in the DSMB charter, and at
the initiation of the trial inform investigators and national leaders of
proposed country- and region-specific analyses of patient data and
requirements for characteristics of the study population, with the directive
that the trial may be subject to geographic constraint if enrolled patients do
not fulfill pre-trial assumptions and/or are substantially different from
other regions.

Incorporate objective measures used to determine disease presence and
severity to the greatest extent possible in enrollment criteria, particularly
for conditions such as HFpEF where the diagnosis can be challenging.

In summary, to paraphrase a popular aphorism from American football (21), multicenter,
multinational clinical trials are a rough game and often a cruel one. They require extreme
cooperation from groups of individuals and institutions with experience and skill, a
willingness to adjust to unanticipated circumstances and the ability to make difficult
decisions. Unanticipated developments are to be expected, and provisions can and should be
built into trial design to facilitate identifying and managing them.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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A.

JANUARY
2008

MARCH
2010
1t Interim
3% Even

1,2010
Unsched

TOPCAT DSMB TIMELINE, REVIEWS and RECOMMENDATIONS

#DSMB expressed concerns over majority of enrollment slated for Non-North American (-NA) sites A

*Recommendations 1) monitor source qualifying hospitalization records; 2) minimum of 20% from NA, 50% cap any 1 country; 3) monitor
enrollment rate, other trial data by country
*Recommendations to increase enrollment of minorities from North America (NA) )

eConcerns for ability to recruit according to timeline. American countries -> slow recruitment
*Russia & Georgia actively recruiting
*DSMB requested reports of number of screens, projected sites in future meetings

y,
eActive recruitment from all countries except Brazil: 68% from Georgia and Russia vs. 31% from NA A
oDifferent baseline characteristics by country noted: higher rates of Angina/Mlin Russia ns; lower rates of orthopnea in Russia, Georgia vs.
other countries
*Pilot BNP program in Russia & Georgia to increase enroliment and correlate with events.
J
"
*More CAD patients in Russia enrolled; encouraged Georgia to enroll “more advanced heart failure
*DSMB Recommended BNP substudy to assess severity of HF across Eastern European countries
*DSMB approves Steering Committee (SC)/Sponsor request to lower enroliment target from 4500to 3515 patients J
oEvent rates lower in Russia & Georgia vs. North America patients (14.5% vs. 6.7%) h
#More CAD patients in Russia enrolled; encouraged Georgia to enroll “more advanced “ heart failure
*DSMB Recommended BNP substudy to assess severity of HF across Eastern European countries
*DSMB approves Steering Committee (SC)/Sponsor request to lower enroliment target from 4500to 3515 patients
*DSMB recommends continuing trial, with conditional power in excess of futility boundary. )
*Recommend to focus on enroliment criteria for HF and HF hospitalization
sContinued higher rates of Angina/Ml in Russia participants compared to others )
sUnscheduled meeting to review Russian qualifying hospitalization source records, NP data k
#BNP/NT-proBNP Pilot Data and HF hospitalization from Russia /Georgia participants shows > 50% of levels are WNL; median NT-proBNP NL
*Hospitalization records from Russian enrollees -> no evidence of HF symptoms, mostly ischemic symptoms
*BNP pilot study discontinued because of selection bias in protocol )
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TOPCAT DSMB TIMELINE, REVIEWS and RECOMMENDATIONS

Analysis, 50%

events

N\
*Conditional power 90%, trial cleared to continue with current design
SARZIPARE eRecommendations by DSMB of a detailed enrollment checklist to improve documentation of presenting signs and Sx, in
ABEIIE  response to NP data from Russia/Georgia and hospitalization record review
J
~

eInstead, SC, CTCC and DSMB agree to implement accelerated CRA activity in Russia

*SC and NHLBI determined DSMB recommendation of better documentation of HF signs and Sx too impractical to implement

JUNE 2012

Analysis

SEPTEMBER
2013

J
\
eDifference in baseline characteristics still present
*Primary endpoints lower in Russia & Georgia vs. NA (26.2% vs. 38.9%)
*DSMB continues to recommend intensive site monitoring
J
~
*Recommendation to extend follow up to 17 months and through June 30, 2013
*SC presentation showing very similar baseline characteristics compared to other HFPEF trials
J
\
*Recommendation to continue trial to completion, based of conditional power of 51%-69% exceeding futility boundary
*Primary outcome data reviewed for entire cohort and within each country
Interim *Final enrollment 3445 patients: 42.9% NA, 48.7% Russia & Georgia, 8.4% South America
J
~\
*Final results reviewed
*DSMB recommends further analysis by hospitalization for HF vs. BNP or pro-BNP and by region
*Dropout rate noted to accelerate in last year of trial
J

Figure 1.
A and B. DSMB Reviews and Recommendations in TOPCAT.
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Figure 2.
TOPCAT pre-trial projected (presented to DSMB on January 30, 2008) vs. actual final

enrollment as of January 31, 2012, % of total for each.
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Figure 3.

TOPCAT actual enrollment by region, as % of enrollment at the sampling interval. Sampling
interval dates on the x-axis are either from the review data freeze or updated numbers
available immediately prior to the DSMB review.
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Overall and country-specific hazard ratios and total number of primary events confirmed by adjudication at the
75% interim analysis

Country Hazard ratio | Number of subjects with
confirmed primary event

U.S. 0.786 230

Canada 0.642 49

Russia 0.950 62

Republic of Georgia 0.993 14

Argentina 0.745 18

Brazil 0.473 9

Overall 0.792 382
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