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Amended STRONG-HF
study design

Patients are not adequately treated in the
vulnerable period following discharge from
a hospital admission for acute heart fail-
ure (AHF).1,2 The Safety, Tolerability and
efficacy of Rapid Optimization, helped by
NT-proBNP and GDF-15, of Heart Failure
therapies (STRONG-HF) study (Clinical-
Trials.gov NCT03412201) was designed to
assess whether rapid optimization of oral
heart failure therapies, using frequent vis-
its and biomarkers to monitor congestion,
within a short time following discharge from
a hospitalization for AHF can improve clinical
outcomes.3 A total of 900 patients were to be
randomized 1:1 to either ‘high-intensity’ or
‘usual’ care and followed for 90 days. Patients
in the usual care arm are managed according
to local practice. In the high-intensity care
arm, beta-blockers, angiotensin-converting
enzyme inhibitors (ACEi) or angiotensin
receptor blockers (ARB) or angiotensin
receptor–neprilysin inhibitors (ARNi), and
mineralocorticoid receptor antagonists
(MRA) are rapidly up-titrated to 50% optimal
doses before discharge and to 100% within
2 weeks following discharge from an admis-
sion for AHF. The safety of up-titration is
guided by clinical assessment of signs and
symptoms of congestion and measures of
congestion [N-terminal pro-B-type natri-
uretic peptide (NT-proBNP)] and blood
potassium, blood pressure, heart rate, and
renal function. The primary endpoint was
initially 90-day heart failure readmission or
cardiovascular (CV) death. Enrolment began
in May 2018. The protocol was amended
after enrolling approximately 230 patients.
This amended protocol included a follow-up
contact at Day 180 to evaluate longer-term
safety and potential benefit and a revised
primary endpoint encompassing all-cause
rather than CV death.3

An interim futility analysis was performed
when 519 patients had completed Day
90 follow-up, of whom 353 patients had
completed Day 180. Conditional power
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. calculations suggested that the study as

it was designed had insufficient power to
address the question of potential benefit of
high-intensity care on outcomes. To increase
power, the protocol was amended in January
2021 to revise the primary endpoint and
increase the sample size. The management of
enrolled patients remains largely unchanged.

The primary endpoint has been changed
from 90-day to 180-day heart failure read-
mission or death, analysed using estimated
180-day event rates. The analyses of the
primary endpoint will include results from
both the initial cohort who were included
in the interim analysis of 180-day outcomes
and the cohort of patients enrolled subse-
quently. The interim result can be considered
‘hypothesis-generating’ with respect to the
180-day outcome. The primary analysis will
down-weight, to half its sample size, the result
in the initial cohort. The difference between
groups regarding the estimated cumulative
event rate of 180-day death or heart failure
readmission, adjusted for randomization
strata, will use a weighted average of the
result in the initial cohort and subsequently
enrolled patients. Sensitivity analyses will
be conducted that, first, exclude the result
in the initial cohort and, second, that fully
weight the initial cohort result. This approach
is somewhat analogous to the use of power
prior distributions in Bayesian analysis, in
which the prior distribution based on previ-
ous studies is discounted to degrees varying
from non-informative to full borrowing of
historical data.4 Here, the primary analysis
will constitute partial reliance on the initial
cohort’s ‘historical’ result, with sensitivity
analyses bracketing ignoring and fully including
the initial result.

Total planned enrolment has been
increased from 900 to 1800 patients. With
total enrolment of 1800 patients and down-
weighting the initial result by half its sample
size, the study will have approximately 89%
power to detect a difference in event rates
of 14% vs. 20% at the two-sided 0.05 signifi-
cance level. A futility analysis is planned when
1300 patients have at least 90-day follow-up.
Because the usual care group is seen less
frequently than the high-intensity care group,
the potential biases introduced through the
treatment group reclassification for the safety
set and the selection of a per-protocol subset
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. are unclear. Thus, efficacy and safety analyses

will be conducted in only the analysis set
comprising randomized patients, excluding
only patients randomized erroneously, and
placing patients in their assigned treatment
groups for analysis.

Secondary endpoints were revised to
include the 90-day change in quality of life
assessed using the EQ-5D, 180-day all-cause
mortality, and the former primary endpoint
of 90-day heart failure readmission or death,
tested sequentially in order to maintain
the alpha level. Exploratory endpoints now
include 180-day and 90-day CV death; 90-day
all-cause mortality; 180-day and 90-day heart
failure readmission; a Finkelstein–Schoenfeld
hierarchical composite endpoint comprising
death, heart failure readmission, and 90-day
change in EQ-VAS; 90-day changes in NT-
proBNP; changes in other biomarkers; and
changes in weight and signs and symptoms of
congestion.

Some additional modifications to the
protocol were implemented. First, real-time
assessment of growth differentiation factor-
15 (GDF-15) was stopped due to logistical
reasons as contemporaneous measurements
at many sites were not feasible. Therefore, the
measurement of GDF-15 has been removed
from the protocol and the study name revised
to ‘Safety, Tolerability and efficacy of Rapid
Optimization, helped by NT-proBNP testing,
of Heart Failure therapies’. Second, due to
severe limitations in screening and enrolment
during the COVID-19 pandemic, the limit
on the number of patients with a history or
presence of atrial fibrillation or flutter has
been eliminated. Third, the optimal (full) dose
of spironolactone was updated from 25 to
50 mg q.d. to be consistent with the target
dose included in the European Society of
Cardiology (ESC) guidelines.5,6 Finally, rec-
ommendations to consider treatment with
sodium–glucose co-transporter inhibitors
and intravenous ferric carboxymaltose as part
of high-intensity care were added.

As of 17 August 2021, 812 total patients
have been randomized in STRONG-HF. Full
enrolment is expected in the first quarter of
2022, with final results available by year’s end.
Recently, authors have advocated the rapid
and simultaneous up-titration of evidence-
based heart failure therapies, but note that
physicians may be hesitant to implement

© 2021 European Society of Cardiology.
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such a strategy due to a lack of evidence
from randomized controlled trials supporting
its safety.7 Indeed, the most recent ESC
guidelines acknowledge this lack of evi-
dence supporting such a recommendation.6

STRONG-HF will provide needed evidence
regarding the rapid up-titration of these med-
ications in AHF patients across the spectrum
of ejection fraction in a high-risk period
following hospital discharge.
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