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Aims Over the last 30 years, many medicine development programmes in acute and chronic heart failure (HF) with
preserved ejection fraction (HFpEF) have failed, in contrast to those in HF with reduced ejection fraction (HFrEF).
We explore how the neutral results in larger HF trials may be attributable to chance and/or the dilution of statistical
power.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Methods
and results

Using simulations, we examined the probability that a positive finding in a Phase 2 trial would result in the study of a
truly effective medicine in a Phase 3 trial. We assessed the similarity of clinical trial and registry patient populations.
We conducted a meta-analysis of paired Phase 2 and 3 trials in HFrEF and acute HF examining the associations of
trial phase and size with placebo event rates and treatment effects for HF events and death. We estimated loss
in trial power attributable to dilution with increasing trial size. Appropriately powered Phase 3 trials should have
yielded ∼35% positive results. Patient populations in Phase 3 trials are similar to those in Phase 2 trials but both
differ substantially from the populations of ‘real-life’ registries. We observed decreasing placebo event rates and
smaller treatment effects with increasing trial size, especially for HF events (and less so for mortality). This was more
pronounced in trials in acute HF patients.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Conclusions The selection of more positive Phase 2 trials for further development does not explain the failure of HFpEF and
acute HF medicine development. Increasing sample size may lead to reduced event rates and smaller treatment
effects, resulting in a high rate of neutral Phase 3 trials.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
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Introduction
Despite more than 30 years of attempts involving at least 15 devel-
opment programmes, no new pharmacologic interventions have
been shown to improve outcomes in trials in patients with either
acute heart failure (AHF)1–14 or heart failure (HF) with preserved
ejection fraction (HFpEF).15–23 In contrast, several new interven-
tions have been shown to reduce morbidity and mortality in HF
with reduced ejection fraction (HFrEF).24–41 This discordance has
occurred despite similar trial leadership, pharmaceutical industry
and contract research organizations, and methods of transitioning
from Phase 1 to Phase 2 and Phase 3.

Two main hypotheses have been put forward to explain the
failure of new interventions. The first is ‘random high bias’, which
means that ineffective interventions are carried forward to Phase 3
trials as a result of chance findings in Phase 2. In this case, these
chance findings are then exposed in large Phase 3 trials, which,
simply by their sample size, better represent a ‘real-life’ patient
population, in which the medicines are found to be ineffective. A
second argument posits that heterogeneity (in patients enrolled
and subsequent treatment effects) inevitably results from a larger
sample size in disease states in which the diagnosis is subjective.
This argument would suggest that in some disease states (namely,
HFrEF), in which the disease is clearly defined, large trials may
increase our ability to detect smaller treatment effects, but this may
not be the case in disease states such as AHF and HFpEF, in which
the disease is less well defined. In this case, larger (and, hence, often
less well-controlled) trials allow the enrolment of patients with
different disease phenotypes or without the disease in question
and in whom an intervention may not be effective.

Methods
Simulations to assess the role of chance
findings in Phase 2 programmes
The probability that a favourable result in Phase 2 reflects a truly
favourable treatment effect on a dichotomous outcome was examined
through simulations. We simulated 10 000 trials, in which 300 patients
were equally allocated to either an active or a control group (with a
control event rate of 10%), for each of six scenarios assuming different
distributions of true relative risks (RRs) for the interventions studied.
The RRs assumed in all scenarios ranged from 0.5 (50% reduction in
event rate with active treatment) to 1.15 (15% increase in event rate
with active treatment) in 0.05 increments. The distribution of true RRs
varied from pessimistic in Scenario 1 (most tested medicines are truly
ineffective) to optimistic (many medicines are truly effective). Thus, for
each simulated trial we know the true RR and we have an observed
RR (resulting from chance variation around the true RR), and for each
scenario the distribution of trials is shifted toward either fewer effective
or more effective tested interventions. We also simulated a continuous
surrogate outcome for each trial in which the mean difference between
treatment groups was perfectly correlated with the true RR such that
no effect on the dichotomous outcome (RR = 1) corresponded to no
effect on the continuous variable, an RR of 0.5 corresponded to a mean
difference of 1 standard deviation (SD) (both large beneficial treatment
effects) and an RR of 1.15 corresponded to a mean difference of
−0.3 SD (both somewhat harmful treatment effects). R was used for ..
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.. these simulations.42 Details of the simulations are presented in the
supplementary material online (Tables S1–S5 and Figures S1–S2). We
considered an RR of 0.8 (a 20% reduction in the event rate with active
treatment) to be clinically relevant.

Assessing the similarity of clinical trials
and registries
We reviewed all Phase 2 and 3 trials of medicines for the treatment
of AHF for the main baseline characteristics of the patients enrolled.
We looked at trials that had no ejection fraction eligibility restriction
and were conducted in the last 25 years.1–6,43 Overall proportions
are presented for categorical variables; overall means for continuous
variables were calculated by weighting each trial’s mean by the trial’s
sample size. These overall characteristics were then compared with
the characteristics of patients enrolled in AHF registries.44–52

Assessing placebo event rates
and treatment effects in chronic
and acute heart failure trials
We searched both PubMed and ClinicalTrials.gov for clinical trials
or randomized studies of medicines in humans with HF reported
between January 1988 and December 2018, with clinical trials as a
topic, excluding reviews (online supplementary Figure S3). Only articles
published in English were considered. Trials in AHF secondary to
myocardial infarction or surgery were excluded. Trials of a given
medicine were included in the analyses if we found at least one pair
of Phase 2 and Phase 3 trials both published before 1999, with a total
sample size of at least 100 patients in the Phase 2 trial, and if both
the Phase 2 and 3 trials reported placebo event rates and treatment
effects (or reported the number of events from which placebo event
rates and treatment effects could be estimated) for the outcomes
of interest: all-cause mortality over 180 days, HF hospitalization over
180 days (in chronic HF trials), and worsening HF (WHF) (in trials
in AHF). If multiple doses of a given medicine were tested, reported
or estimated placebo event rates and treatment effects for the dose
studied in Phases 2 and 3 were included. In studies in patients with
chronic HF, only studies that referred to HFrEF were included.

For the estimation of 180-day mortality rates in placebo arms, only
AHF studies with follow-up periods of at least 90 days were included
(data were extrapolated to 180 days if necessary). If Kaplan–Meier
event rates for all-cause mortality or for HF hospitalization were
not reported for a 180-day observation period, 180-day placebo
event rates were derived as follows, in hierarchical order and based
on availability in each publication: (i) the Kaplan–Meier event rate
reported at a given time-point was extrapolated to 180 days; (ii) an
event rate at 180 days was estimated from a Kaplan–Meier plot; (iii)
an event rate estimated from the reported number of events and the
reported median or mean follow-up time was extrapolated to 180 days;
and (iv) the reported crude rate at a given fixed follow-up time-point
was extrapolated to 180 days.

With reference to placebo event rates for WHF, the reported
observation periods ranged from 2 to 7 days after baseline, and
Kaplan–Meier event rates or crude rates were used for analysis as
reported. Estimated event counts (number of events) at the respective
analysis time-point were derived from the estimated event rates as
defined above.

The hazard ratio (HR) was used as the estimated treatment effect of
active medicine vs. placebo and was assumed to be constant over the

© 2020 European Society of Cardiology
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Table 1 Results of the simulations under six scenarios of true relative risk (RR) distributions for equal allocations of
150 patients per group, a 10% control event rate, and a correlation of 0.5 between a continuous surrogate outcome
and the true RR

Scenario
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

1 2 3 4 5 6
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

True RR <0.8 6.0% 10.0% 20.0% 27.0% 36.0% 42.0%
Proceed to Phase 3: observed RR <0.8 28.5% 32.7% 36.9% 40.3% 45.1% 48.9%
Proceed to Phase 3: RR 95% UCL <1.0a 3.3% 4.3% 6.0% 7.1% 9.2% 10.4%
Proceed to Phase 3: one-sided P < 0.025 for continuous surrogateb 20.4% 31.3% 39.5% 47.0% 54.6% 60.5%
True RR <0.8 in those trials with observed RR <0.8 13.3% 19.8% 37.3% 45.4% 56.4% 61.1%
True RR <0.8 in those trials with RR 95% UCL <1.0 26.5% 35.9% 59.3% 66.8% 76.2% 79.6%
True RR <0.8 in those trials with one-sided P < 0.025 for continuous surrogate 29.4% 31.8% 50.5% 57.4% 65.8% 69.4%
Mean bias in those trials with observed RR <0.8 (observed RR−true RR) −0.30 −0.27 −0.23 −0.21 −0.18 −0.17
Mean bias in those trials with RR 95% UCL <1.0 (observed RR−true RR) −0.48 −0.44 −0.37 −0.35 −0.32 −0.31

Mean bias in those trials with one-sided P < 0.025 for continuous surrogate (observed RR−true RR) 0.00 0.01 0.02 0.03 0.03 0.03

aUpper 95% confidence limit for an RR of <1.0 for the clinical event (i.e. the event rate was statistically significantly reduced).
bOne-sided P < 0.025 for test of continuous, surrogate outcome. The true standardized mean treatment difference (SMD) is a function of the true RR [SMD = 2 × (1-RR)].
An SMD of 0 and an RR of 1.0 represent no treatment effect.
UCL, upper confidence limit.

reported follow-up period. If an HR was not reported, it was estimated
using the reported RR or the RR calculated based on the estimated
event counts in the two groups.

Data were extracted by one analyst (KT) and verified by a second
analyst (SS).

The potential modifying effects of trial phase and control group size
on control event rates were examined using a random effects weighted
least squares meta-regression with inverse variance weighting.53

Non-linearity of the associations with trial size was assessed through
the significance of a quadratic term in each of the regression models.
The potential modifying effects of trial phase and size on the treatment
effects on all-cause mortality, HF hospitalization and WHF were
examined using similar meta-regressions. The effective sample size for
trials with unequal allocation was estimated as the size of a trial with
equal allocation that would have provided the same power.54

Power for diluted treatment effects
Power at the two-sided significance level of 0.05 was calculated using
the POWER procedure in SAS Version 9.4 (SAS Institute, Inc., Cary,
NC, USA). For the general case, HRs of 0.65 and 0.85 with placebo
event rates of 10% and 20% at n =100 were diluted as a linear function
of sample size and power calculated for various dilutions of the HR.
Dilution was computed as 1 minus the ratio of the distances of the HR
from 1 with 6500 vs. 100 total patients, so that, for example, going from
an HR of 0.5 with n =100 to an HR of 0.75 with n = 6500 corresponds
to a dilution of 50%.

Results
Random high bias or regression to the
mean
In the 10 000 simulated trials for each of the six scenarios, the pro-
portion of trials with a true RR of <0.8 (i.e. studying a truly effective ..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.. drug), varied between 6.0% and 42.0% (Table 1). The probability
that a ‘positive’ Phase 2 trial reflects a truly effective therapy (i.e.
the true RR is <0.8 and would thus be detected in an appropriately
powered Phase 3 trial) is highest when the criterion for Phase 2
‘positivity’ is an observed statistically significant RR (RR 95% upper
confidence limit <1.0); the proportion of positive Phase 2 tri-
als thus defined in which the therapy was truly effective ranged
from 26.5% to 79.6% across the six scenarios. However, clearly
Phase 2 studies do not have adequate power to detect meaningful
effects on uncommon clinical events, and selecting medicines for
further study on such a basis is not practical. Selection based on
an observed RR of <0.8 may provide a lower ‘positive predictive
value’; the proportion of positive trials in which the therapy was
truly effective ranged from 13.3% to 61.1% across the six scenarios.
Like selection to move forward based on a statistically significant
RR, selection based on an observed RR of <0.8 provides a biased,
overly optimistic estimate of the RR. Continuous surrogate out-
comes, which for smaller trials provide greater power, are often
used to detect potential benefit; the observed RR in a Phase 2 trial
with a statistically significant continuous surrogate outcome may be
relatively unbiased. Similar results were obtained with 80 patients
per group, with a control event rate of 20%, and with various cor-
relations between the true RR and the surrogate outcome (online
supplementary Tables S2–S5).

The proportion of all our simulated Phase 2 trials in which the
true RR was <0.8 was 23.5% (Table 1, first row). If the decision
to proceed to Phase 3 was based on an observed RR of <0.8,
38.9% of the selected trials would have a true RR of <0.8 (Table 1,
fifth row) (i.e. 61.1% of these trials would have an RR of >0.8
and large trials would be likely to show a neutral result), and
35.0% of subsequent Phase 3 trials, each with 90% power, would
be expected to be positive. Similar calculations result in expected
proportions of positive Phase 3 trials of 45.6% based on continuing

© 2020 European Society of Cardiology
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because of a significant result for a perfectly correlated surrogate
in Phase 2 (Table 1, seventh row) and 51.6% based on a statistically
significant effect on the event rate (Table 1, sixth row). Regardless
of the criterion for moving from Phase 2 to Phase 3, we would
expect that even if few medicines tested were truly effective, the
proportion of Phase 3 studies that should yield positive results if
appropriately powered is not null. If the expected success rate
were 35%, then 0/15 successful programmes have a probability of
0.00156.

Placebo event rates and treatment
effects in acute and chronic heart failure
trials
We examined the associations of trial size with placebo event
rates and treatment effects in trials in patients with chronic HFrEF
and AHF. We examined all-cause mortality in 31 HFrEF and 15
AHF trials (online supplementary Table S6) and recurrent HF events
in 17 HFrEF and 12 AHF trials (online supplementary Table S7).
Recurrent HF events were defined as HF admissions in chronic HF
and as WHF events in AHF.

With respect to all-cause mortality at 180 days (Figure 1), a
slight, non-significant decline (P = 0.3704) in placebo event rate
with increasing sample size was observed in HFrEF trials (a 1.4-fold
decline in event rates between 50 and 3250 control patients),
whereas a steeper decline with increasing sample size (P = 0.0579)
was observed in AHF trials (a two-fold decline). In HFrEF trials,
average placebo event rates were 10% [95% confidence interval
(CI) 7–14%] in Phase 2 studies and 7% (95% CI 5–10%) in
Phase 3 trials. In AHF, average placebo event rates were 21% (95%
CI 12–30%) in Phase 2 and 14% (95% CI 11–16%) in Phase 3
trials. Medicine treatment effects did not vary with trial size in
HFrEF trials (P = 0.6832), but declined somewhat, although not
significantly (P = 0.4508), with increasing trial size in AHF trials.
In HFrEF trials, the average treatment effect did not differ between
Phases 2 and 3 [HR 0.92 (95% CI 0.64–1.34) vs. HR 0.94 (95% CI
0.80–1.10)]. Among the AHF trials, the average treatment effects
were HR 0.77 (95% CI 0.49–1.22) in Phase 2 and HR 0.94 (95% CI
0.74–1.20) in Phase 3 trials.

With respect to recurrent HF events (Figure 2), we observed
a significant reduction in placebo event rates with increasing trial
size in both chronic HFrEF, with lower rates of HF admission in
larger trials (P = 0.0465), and AHF studies, with lower rates of
WHF in larger trials (P = 0.0182). The decline in placebo event
rates was steeper in AHF trials (a 3.6-fold decline in event rates
between 50 and 3250 control patients) than in chronic HFrEF trials
(a 2.7-fold decline). Among the HFrEF trials, average placebo event
rates were 10% (95% CI 5–16%) in Phase 2 trials and 7% (95% CI
5–10%) in Phase 3 trials. In AHF trials, average control event rates
were 20% (95% CI 8–35%) in Phase 2 and 12% (95% CI 6–19%)
in Phase 3. Apparent trends of smaller treatment effects in larger
trials were observed in both chronic HFrEF trials and AHF trials,
representing dilutions of 87% and 78%, respectively (Figure 2B, D),
although neither reached statistical significance (P = 0.0935 and
P = 0.1795, respectively). Average treatment effects in HFrEF trials ..
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.. were HR 0.64 (95% CI 0.42–0.99) in Phase 2 and HR 0.81 (95% CI
0.67–0.98) in Phase 3 (P = 0.3205). In AHF trials average treatment
effects were HR 0.59 (95% CI 0.32–1.00) in Phase 2 and 0.79 (95%
CI 0.60–1.03) in Phase 3.

Larger trials compared to real life
In online supplementary Table S8, we describe the baseline charac-
teristics of patients enrolled in Phase 2 and 3 trials1–6,43 compared
to registries in AHF44–52 in which there was no eligibility restric-
tion with reference to left ventricular ejection fraction or other
requirement for ‘documented cardiac dysfunction’. As the table
shows, some characteristics of patients in Phase 2 and Phase 3 tri-
als showed lesser or greater degrees of similarity with those of
registry patients (highlighted in green); however, there is no spe-
cific pattern showing that findings in Phase 3 trials are more similar
to registry results than those in Phase 2 trials.

Do large trials have progressively more
power regardless of size?
In Figure 3, we show the power for HRs of 0.65 (i.e. a 35%
reduction in event incidence) and 0.80 (i.e. a 20% reduction in
event incidence) for placebo event rates of 10% and 20%, for
differing assumed dilutions of treatment effect with increasing trial
size. A dilution of 50% for an HR of 0.65 would mean that we
would expect the HR to be 0.65 at n =100, 0.70 at n = 2000, and
0.82 at n = 6500. Thus, rather than a simple increase in power
with increasing sample size under the usual assumption that the
treatment effect is fixed (no dilution), a dilution of treatment
effect and reduced placebo event rates with increasing sample size
attenuate very substantially the power gained by increasing patient
numbers.

Discussion
The results of our simulations suggest that chance alone (i.e.
random high bias in which a new medicine is taken to Phase 3
because of a randomly large treatment effect in Phase 2) is unlikely
to explain the complete failure to develop new interventions in
AHF and HFpEF over the last decades. Success rates in a reason-
able development programme for well-selected Phase 2 medicines
should be at least 35%, which means that, given the success rates
and effect sizes seen in Phase 2 trials, at least 35% of appropriately
powered Phase 3 trials should have been positive. This is consistent
with estimated probabilities of success of 32.3% in moving a car-
diovascular clinical trial from Phase 3 to approval based on actual
results in large clinical trial repositories.57,58 The observation of no
successful AHF or HFpEF development programme is thus highly
improbable. Equally, the results of our analysis of Phase 2 and 3 tri-
als in chronic HFrEF and AHF showing a larger effect of trial size
on placebo event rates than treatment effect is not supportive of
the random high bias theory. If random high bias is the reason why
Phase 3 results are less positive, then placebo event rates in Phases
2 and 3 should be equal as it is unlikely that a medicine will be cho-
sen for further exploration in Phase 3 just because the placebo

© 2020 European Society of Cardiology
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Figure 1 Association of sample size with placebo event rates and treatment effect for all-cause mortality at 180 days in trials in (A, B) chronic
heart failure and (C, D) acute heart failure. Phase 2 studies are indicated in orange and Phase 3 studies in blue. In (C), one trial55 lies outside
the presented plotting area.

event rate in Phase 2 was high. Accordingly, the transition from
Phase 2 to Phase 3, in contemporary trials in HF, is consistently
associated with effect dilution.

Indeed, our analysis of Phase 2 and 3 acute and chronic HFrEF
trials suggests that as trials become larger, placebo event rates
decrease precipitously. This affects more disease-specific events
such as HF recurrence than mortality and is more pronounced
in AHF trials than in chronic HFrEF trials. The treatment effects
of experimental medicines seem to be less affected by increasing
trial size as we observed only non-significant trends of decreasing
treatment effect on HF recurrence with increasing trial size, and no
effect of trial size on treatment effects on mortality. What is the
explanation for this phenomenon? Firstly, it is possible that in some
indications in which the disease state is not easily and objectively
defined, increasing trial size may shift the patient population toward
patients who have risk factors for some cardiovascular adverse ..
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.. events but not for true HF. If this were to occur, it would explain
the lower event rates, especially with respect to disease-related
HF recurrent events, and it is also possible that such patients will
be less responsive. An extreme example of such an occurrence
was reported in the TOPCAT trial in which event rates outside
the Americas were found to be substantially lower than those
in the Americas.59 It is possible that the globalization of clinical
trials and the shift of recruitment to countries in which health
care and general GDP per capita are lower60 are resulting in the
creation of incentives that may lead some to enrol patients who
have milder cases of HF or none in pursuit of financial gain. In
any case, the combination of a reduced event rate and reduced
treatment effect leads to substantially reduced power and fewer
positive trials. Secondly, it is possible that larger trials that are less
well monitored under the new ‘risk-based monitoring’ paradigm61

have lower event reporting rates (i.e. some sites fail to report some
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Figure 2 Association of sample size with placebo event rates and treatment effect for heart failure recurrence in trials in (A, B) chronic heart
failure and (C, D) acute heart failure. Phase 2 studies are indicated in orange and Phase 3 studies in blue56. In (B) one trial (RESOLVD) lies
outside the presented plotting area.

events). Although this may explain lower placebo event rates, it
will not explain lower treatment effects on HF events as lower
reporting is unlikely to preferentially occur in placebo arms.

In support of the mega (larger) trials, some experts have urged
the performance of large trials because they consider such contexts
to better represent ‘real life’. However, the current analysis of trials
performed in AHF suggests that larger trials are not more likely
to better represent real-life contexts. In fact, the present analysis
shows significant drifts away from rates observed in registries
because registries have shown much higher event rates than the
placebo event rates observed in larger Phase 3 trials. The current
data suggest that placebo event rates are more similar to ‘real-life’
event rates in Phase 2 than in Phase 3 trials. For instance, WHF is
an endpoint specific to AHF that occurs only in patients with real
AHF; patients with severe stable chronic HF who are not acute
(do not have AHF) will not have WHF. Our observation that in
AHF trials the incidence of WHF is inversely correlated with trial
size (i.e. occurs less in both active and placebo patients in larger ..
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.. trials) suggests that the larger trials simply included patients whose

disease was ‘less acute’ or who had other disease that is in line with
the higher event rates observed in registries for WHF but not in
large AHF trials.

These discrepancies can be quantified by the analysis presented
in Figure 3. If indeed placebo event rates and treatment effects
do not drop with increasing trial size as in chronic HFrEF trials,
this would correspond to the top power curves in Figure 3 for no
treatment effect dilution, whereby power increases monotonically
with trial size. Even in the graphs on the right, which represent
a halving of the placebo event rate, it is apparent that some
power remains and trials may return positive results from time
to time, something that has been observed in chronic HFrEF
trials. However, in disease states such as AHF, in which both
placebo event rates and treatment effects fall substantially and
concurrently in larger trials, the increase in trial size not only does
not compensate but actually precipitates an increasingly larger drop
in power as the trial size increases, which potentially explains why
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Figure 3 Power and effect dilution: power at a two-sided significance level of 0.05 to detect effect sizes with hazard ratios of 0.65 (A, C) or
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no large AHF trial has ever shown a positive effect, something our
simulations suggest is highly unlikely to be due to chance alone.

Conclusions and
recommendations
Our study demonstrated that neutral Phase 3 trials in AHF were
unlikely to relate to play of chance. Random high bias or regression
to the mean may explain some of the failures in the development
of new interventions that have led to the failure of about 65% of
new medicines between Phases 2 and 3, as has been observed
over all cardiovascular indications. We contend that chance cannot
fully explain the complete failure to develop new interventions in
diseases such as HFpEF and AHF. ‘Mega-trials’ may be vulnerable
to both reductions in placebo event rates and dilutions of the
treatment effect, most pronouncedly with disease-specific events
such as recurrent HF. It is possible that this is explained by
inappropriate heterogeneity of the target population, which will
reduce both placebo event rates and treatment effects and have
an adverse effect on the power to detect a real benefit of a new
intervention. In HF, the effect seems to be larger in diseases that
are less objectively defined, such as AHF and HFpEF, in which no
Phase 3 trial has ever replicated the results of smaller Phase 2
trials. Therefore, although simple large trials may be appropriate
for disease states with objective diagnostic criteria, trial sizes
should be limited to approximately 2000–3000 patients in disease ..
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. states in which the diagnosis is more subjective and less easy to
ascertain, such as HFpEF, AHF and cardiogenic shock. The smaller
trial can lead to substantial cost savings, which should be invested
in strategies to ensure the tighter monitoring and control of the
patients enrolled in the trial, such as in site selection, which should
be strongly emphasized and conducted meticulously at the trial’s
outset, improved onsite and remote monitoring, implementation
of statistical monitoring of blinded data to enable the assessment
of whether the patients enrolled represent the intended population
and whether patient characteristics and outcomes are equally
distributed across sites and countries. Importantly, when issues
are detected, study management should take decisive steps to
correct them.

Limitations
The rates of false negative and positive Phase 2 trials estimated
in the simulations are derived from the assumed distributions of
effective medicines. In addition, the meta-analysis was based on a
literature review, and some trials may have not been published and
hence not included in this analysis.

Supplementary Information
Additional supporting information may be found online in the
Supporting Information section at the end of the article.
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Table S1. Distributions of trials according to true relative risk
used for simulations.
Table S2. N/group=150, 10% placebo event rate, correlation
between continuous and dichotomous outcome 0.5.
Table S3. N/group= 80, 20% placebo event rate, correlation
between continuous and dichotomous outcome 0.5.
Table S4. N/group= 80, 20% placebo event rate, correlation
between continuous and dichotomous outcome 0.2.
Table S5. N/group=150, 10% placebo event rate, correlation
between continuous and dichotomous outcome 0.2.
Table S6. Overview of chronic and acute heart failure trials
included in meta-analysis for all-cause mortality.
Table S7. Overview of chronic and acute heart failure trials
included in meta-analysis for heart failure recurrence.
Table S8. Comparison of Phase 3, Phase 2 studies and registries
in patients with acute heart failure with no restriction on ejection
fraction.
Figure S1. Distribution of true relative risks assumed in the six
scenarios.
Figure S2. Distributions of the observed relative risks in the
simulated trials for the six scenarios, overlaid with the distribution
of assumed true relative risks.
Figure S3. Identification of trials for inclusion in the
meta-analyses.
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