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Graphical Abstract

Critical reading of cardiovascular trials with neutral or negative results
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Proposed framework for the interpretation of superiority trials with neutral or negative results. See text for details. CABANA, catheter ablation vs.
antiarrhythmic drug therapy for atrial fibrillation; CASTLE-AF, catheter ablation for atrial fibrillation with heart failure; COVID-19, coronavirus
disease-19; DOREMI, dobutamine compared with milrinone; FLOWER-M], flow evaluation to guide revascularization in multivessel ST-elevation myo-
cardial infarction; FU, follow-up; GUIDE-HF, haemodynamic-GUIDEd management of heart failure; LIFE, LCZ696 in advanced heart failure;
OVERTURE, Omapatrilat Versus Enalapril Randomized Trial of Utility in Reducing Events; PARAGON-HF, prospective comparison of ARNI with
ARB global outcomes in HF with preserved ejection fraction; PROACTIVE, PROspective pioglitAzone Clinical Trial In macroVascular Events;
RED-HF, reduction of events by darbepoetin alfa in heart failure; STICH, surgical treatment for ischaemic heart failure; STICHES, STICH Extension
Study; TOPCAT, treatment of preserved cardiac function heart failure with an aldosterone antagonist.
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Randomized controlled trials (RCTs) may change the standard of care of
patients sharing the characteristics of trial participants. However, well-
designed trials with neutral (i.e. where no significant difference between
the treatment and its comparator) or negative findings (i.e. where the
comparator seems more effective and/or the intervention caused
harm) deserve scientific scrutiny to understand why the primary end-
point was not met. It is particularly important to differentiate well-
designed and well-conducted RCTs from RCTs burdened by methodo-
logical issues. WWe propose a general framework to the interpretation of
neutral or negative trials based on this differentiation and then on
P-values (for well-designed and well-conducted RCTs) or on the identi-
fication of the possible methodological issue(s). VWe will focus on super-
iority trials, which assess whether an investigational approach is superior
to the standard of care. Non-inferiority and equivalence trials are be-
coming increasingly important, but are relying on different statistical as-
sumptions, and the possible reasons for type | errors (i.e. the erroneous
acceptance of an inferior new treatment), type Il errors (i.e. the errone-
ous rejection of a truly non-inferior treatment), or truly neutral findings
would require an extensive discussion, and possibly a dedicated paper.

Grid of interpretative hypotheses

Good study design and execution, P-values

far from significant

When a trial is adequately designed and conducted, but the P-value for the
primary endpoint is far from significance, the reasonable conclusion is that
the treatment is not more effective than its comparator in this specific
setting. A possible example is the RED-HF trial (assessing the effects of
darbepoetin alfa on clinical outcomes in patients with systolic heart
failure—HF—and anaemia),’ which was well designed and adequately
powered.

Good study design and execution, P-values
close to significance

The P-value for the primary endpoint may approach the conventional
threshold of P=.05, leading to uncertainties about result interpret-
ation. A notable example is the PARAGON-HF trial (P = .06),” testing
sacubitril/valsartan in HF with preserved ejection fraction (HFpEF). The
approach pursued by the Food and Drugs Administration when ap-
praising the results of PARAGON-HF was to interpret the P-value
for centrally adjudicated primary endpoint events on the light of
investigator-reported events, and a subgroup analysis suggesting a
greater efficacy for EF values <57%. As ‘the totality of information
was positive’, the Food and Drugs Administration granted an expanded
indication to HFpEF patients with EF below normal.® This pragmatic ap-
proach seems reasonable, more than the simple categorical conclusion
of non-superiority of sacubitril/valsartan reported in the first publica-
tion of results of PARAGON-HF.>

Good study design, difficult execution

A well-known example of difficult trial execution is the TOPCAT trial,
assessing spironolactone in patients with HFpEF. Patients enrolled in
Russia or Georgia had a markedly lower event rate than patients
from the Americas, and did not show any benefit from spironolactone.*
The likely reason was severe and systematic adherence to protocol vio-
lations by study investigators in Russia and Georgia.®

Except when there is clear evidence of superiority at an interim ana-
lysis, all premature discontinuations lead to insufficient power. Possible

causes of early termination include no evidence of efficacy at interim
analysis or a signal of harm, slow enrolment, or strategic decision of
the sponsor. One of the many possible examples is the
SOLOIST-WHF trial testing sotagliflozin in patients with diabetes and
a recent HF decompensation. This trial ‘ended early because of loss
of funding from the sponsor’.®

The COVID-19 pandemic was an unexpected event leading to the
premature discontinuation of many trials and affected the conduction
of thousands of other trials. Besides discontinuation, the impact of
the COVID-19 pandemics on the final study results was sometimes
critical. An example is the GUIDE-HF trial comparing a haemodynamic-
guided management (treatment) vs. usual care (control) in HF patients
with a primary endpoint of all-cause mortality plus HF events. Before
COVID-19, the primary endpoint rate was 0.553 vs. 0.682 events/
patient-year in the treatment vs. control group (HR 0.81, P =.049).
No difference was evident during COVID-19 (HR 1.11, P=.526) fol-
lowing a reduction in HF events possibly because of a ‘fear-based avoid-
ance of seeking healthcare services [...] hoping to avoid exposure to
COVID-19'7

Problems in study design: good endpoint
selection but insufficient power

Insufficient power may derive from (i) lower than expected event rates,
(if) smaller than expected effect size, (iii) a follow-up period too short to
allow the benefit from treatment to become evident, or (iv) a high rate
of cross-over, treatment discontinuation, or loss to follow-up.

In the FLOWER-MI trial, the expected rate of the primary outcome
at 1 year was 10% with the fractional flow reserve-guided strategy vs.
15% with the angiography-guided strategy, while the observed rate
was 6% and 4%, respectively. This discrepancy did not emerge before
study termination since no interim analysis was planned.®

When the effect size is lower than expected, the trials are not prop-
erly underpowered, but rather appropriately powered for a specific ef-
fect size, which was not estimated correctly. For example, the DOREMI
trial on milrinone vs. dobutamine to improve the outcome of cardio-
genic shock was designed based on the expectation of a large treatment
effect, i.e. a 20% lower rate of the primary endpoint in the milrinone
group, while the actual difference was 5%.°

An interim analysis allows detecting lower event rates and/or a smal-
ler effect size, and their effects may be mitigated by increasing the sam-
ple size or prolonging the follow-up.

In some cases, the follow-up period could be too short for the bene-
ficial effects of an experimental treatment to emerge. This may be the
case of studies testing primary prevention strategies. Another possible
example is the STICH trial on patients with an ejection fraction of 35%
or less and coronary artery disease amenable to surgical revasculariza-
tion; the rates of all-cause death were not significantly different in the
surgical revascularization and medical-therapy groups at a median
follow-up of 4.7 years, while the rate of all-cause death was significantly
lower over a median follow-up of almost 10 years."°

A loss of power may also occur because of a high cross-over rate.
This may be the case of RCTs testing the efficacy of interventional pro-
cedures. An example may be the CABANA trial comparing atrial fibril-
lation ablation vs. pharmacological control therapy, which counted 37%
of crossovers at the time of study termination (37%)."" Finally, the ex-
perimental treatment may be discontinued in a high proportion of pa-
tients (e.g. 29% of those on sacubitril/valsartan and 21% on valsartan in
LIFE)," or many patients can be lost to follow-up (e.g. 13% of patients
in the catheter ablation arm of CASTLE—AF).13
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Problems in study design: suboptimal

endpoint selection

The number of events drives the study power, and reaching an ad-
equate power is easier when the primary endpoint includes multiple
elements, some highly prevalent. Nonetheless, a composite endpoint
should have clinical relevance and include elements that are presumably
affected by the intervention based on prior knowledge. In some trials,
the number of events may be ‘hypertrophied’ by minor events or med-
ical decisions that are quite evenly distributed in the two arms diluting
the inter-arm differences. An example is the PROACTIVE trial in pa-
tients with type 2 diabetes, including acute coronary syndrome, ‘cardiac
intervention’, leg revascularization, or amputation in the primary end-
point, and resulting neutral, while the composite harder endpoint
‘death, M, or stroke’, all spontaneous events, was positive (P =.03)."*

Endpoint definition is sometimes critical. In the OVERTURE trial, the
results met pre-specified criteria for non-inferiority of omapatrilat
vs. enalapril, but not for superiority (HR 0.94, 95% CI 0.86-1.03,
P=.187). Using the same definition of HF hospitalization as in the
SOLVD trial (i.e. all HF hospitalizations rather than only the admissions
requiring ‘an intravenous treatment for HF within the first 3 days’) led
to an increase in the number of events (from 973 vs. 914 to 1041 vs.
941) and the finding of an 11% lower risk in patients on omapatrilat
(P=.012)."

In summary, despite great progress in trial design, several methodo-
logical issues can still be encountered when reading superiority trials
with neutral results. Recognizing these issues is important to correctly
interpret these trials and to decide if research on specific treatment
strategies should be pursued.
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