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ABSTRACT

Buckground The STRONG-HF trial showed that high-intensity care (HIC) consisting of rapid up-itration of guideline-
directed medical therapy (GDMT) and close follow-up reduced all-cause death or heart failure (HF) readmission at 180
days compared to usual care (UC). We hypothesized that significant differences in patient characteristics, management, and
outcomes over the enrolment period may exist.

Methods Two groups of the 1,078 patients enrolled in STRONG-HF were created according to the order of enrolment
within center. The early group consisted of the first 10 patients enrolled at each center (N = 342) and the late group consisted
of the following patients (N = 736).

Results Late enrollees were younger, had more frequently reduced ejection fraction, slightly lower NT-proBNP and
creatinine levels compared with early enrollees. The primary outcome occurred less frequently in early compared to late
enrollees (15% vs. 21%, aHR 0.65, 95% Cl 0.42-0.99, P = .044). No treatment-by-enrolment interaction was seen in
respect to the average percentage of optimal dose of GDMT after randomization, which was consistently higher in early and
late patients randomized to HIC compared to UC. The higher use of renin-angiotensin-inhibitors in the HIC arm was more
pronounced in the late enrollees both affer randomization (interaction-P = .013) and at 90 days (interaction-P < .001). No
inferaction was observed for safety events. Patients randomized late to UC displayed a trend toward more severe outcomes
(26% vs. 16%, P = .10), but the efficacy of HIC showed no interaction with the enrolment group (aHR 0.77, 95% CI 0.35-
1.67 in early and 0.58, 95% Cl 0.40-0.83 in late enrollees, adjusted interaction-P = .51) with similar outcomes in the HIC
arm in late and early enrollees (16% vs. 13%, P = .73).
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Conclusions Late enrollees have different clinical characteristics and higher event rates compared to early enrollees.
GDMT implementation in the HIC arm robustly achieved similar doses with consistent efficacy in early and late enrollees,

mitigating the higher risk of adverse outcome in late enrollees.

Trial registration ClinicalTrials.gov Identifier: NCT03412201. (Am Heart J 2024;274:119-129 )

Background

The Safety, Tolerability, and Efficacy of Rapid Opti-
mization, Helped by NT-proBNP Testing, of Heart Failure
Therapies (STRONG-HF) study was a multinational, open-
label, randomized, prospective clinical trial, designed to
assess the safety and efficacy of high-intensive care (HIC)
compared with usual care (UC) in patients admitted with
acute heart failure (AHF). HIC consisted of rapid up-
titration of guideline-directed medical therapy (GDMT)
before hospital discharge and during the following weeks
combined with close follow-up.''> The study showed
that a HIC strategy was feasible, reduced symptoms, im-
proved quality of life, and reduced the risk of all-cause
death or heart failure readmission at 180 days compared
to UC.?

Limited data exist on whether patient characteristics,
treatment, and outcomes change over the course of a
clinical trial and whether this might impact trial results.
We hypothesized that significant differences in patient
characteristics, management, and outcomes over the en-
rolment period exist.

The aim of these analyses is to describe the associations
of the order of enrolment (early vs. late) at each cen-
ter with patient characteristics, the ability to up-titrate
GDMT, the safety of such up-titration, and its effects on
outcomes.

Methods

Study participants, procedures, and outcomes
STRONG-HF was a multinational, open-label, random-
ized, parallel-group trial designed to assess the efficacy
and safety of an intensive treatment strategy of rapid
up-titration of GDMT and close follow-up after an AHF
admission compared to usual care. The study design
has been published elsewhere.!'? Briefly, eligible pa-
tients, aged 18-85 years, hospitalized for AHF with clini-
cal signs of congestion, elevated circulating NT-proBNP,
and not treated with full doses of GDMT (beta-blockers;
angiotensin-converting enzyme inhibitors [ACEi] (or an-
giotensin receptor blockers [ARB] if intolerant to ACEi)
or angiotensin receptor neprilysin inhibitor [ARNi]; and
mineralocorticoid receptor antagonists [MRA]) were ran-
domly assigned (1:1) within 2 days before anticipated
hospital discharge to either UC according to local prac-
tice or HIC. Patients randomized to HIC were up-titrated
to half recommended doses at randomization, were seen

at four scheduled outpatient visits over the 2 months
after discharge at 1, 2, 3, and 6 weeks and were up-
titrated to full recommended doses of GDMT 2 weeks
after discharge. Patients in both groups were seen at
day 90 after randomization and were contacted at day
180. Doses considered optimal are summarized in Sup-
plemental Table 3 of the original publication.’ The study
was approved by appropriate competent authorities and
ethics committees, and patients provided written in-
formed consent. This study is registered at ClinicalTri-
als.gov, NCT03412201.

For this analysis, the study population was divided by
the order of inclusion within center into 2 groups: early
enrollees (first 10 patient enrolled at each center) and
late enrollees (11th patient and following of each cen-
ter).

The primary endpoint of the study was all-cause death
or HF readmission at 180 days, considering only the first
occurrence of these events per patient. Safety was as-
sessed through the incidence of treatment-emergent ad-
verse events up to 90 days, and changes in systolic and
diastolic blood pressure, heart rate, and bodyweight, and
local laboratory results.

Statistical analysis

All efficacy and safety analyses included all randomized
patients, except for those randomized in error. Continu-
ous variables are presented as mean and standard devia-
tion (SD), geometric mean (95% CI) for log-transformed,
or as adjusted mean and standard error (SE), as appro-
priate, and categorical variables as absolute and relative
frequencies. NT-proBNP values were log-transformed for
analysis.

Baseline characteristics were compared between treat-
ment groups using ANOVA for continuous variables, chi-
square tests for nominal categorical variables, and the
Cochran-Mantel-Haenszel test for general association for
ordered categorical variables.

Use of oral HF medications relative to optimal doses
were compared between early and late enrolment cate-
gories across the 2 treatment groups using the Cochran-
Mantel-Haenszel mean score test while the interaction
between enrolment group and treatment was examined
using a test of the homogeneity of the Mann-Whitney
statistic which was derived from the Somers’ D statis-
tic and its associated SE. A continuous variable, indicat-
ing the percentage of optimal dose, was calculated for
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each of the three medication classes (ACEi/ARB/ARNI,
Beta-blockers, and MRAs) along with an overall average
percentage optimal dose across these classes. Figures de-
picting the percentage optimal dose over time, starting at
day 0 (post-randomization), for each medication class in-
dividually, as well as the average percentage optimal dose
of the 3 classes, by treatment and enrolment groups are
presented.

As previously described, because the primary endpoint
was changed from 90-day to 180-day death or heart fail-
ure readmission, for 180-day outcomes the results in
the cohort of patients enrolled before the change were
down-weighted proportional to half the cohort’s sample
size. Only patients enrolled at sites where the ethics com-
mittees approved protocol amendments allowing follow-
up of patients to day 180 were included in analyses of
180-day outcomes. Cox regression models were used to
examine the treatment effect on the primary endpoint
within each enrolment group (early and late) and to
test whether there was a significant interaction between
the enrolment groups. The total number of events and
down-weighted Kaplan-Meier estimates are presented
along with unadjusted and adjusted hazard ratios (HR)
and associated 95% confidence intervals. A Kaplan-Meier
plot is presented for the primary endpoint with lines
for each treatment/enrolment group. Covariates used for
adjustment were selected from variables shown to be
prognostic of each outcome in previous studies using
backwards selection in the usual care group. Sensitiv-
ity analyses were conducted in which the population
was restricted to just those patients at sites that enrolled
greater than 10 patients, in sites that enrolled greater
than 10 patients including the first 10 and up to the
last 10 patients enrolled, and in sites that enrolled 20 or
more patients including the first 10 and last 10 patients
enrolled.

A radar plot is provided which compares early and late
enrollees across eight selected baseline clinical charac-
teristics, recognized as indicators of disease severity. The
eight characteristics were standardized to z-scores and
the mean z-score within each group are plotted for each
characteristic.

Two-sided P < .05 was considered to be statistically sig-
nificant. SAS version 9.4 (SAS Institute, Cary, NC, USA)
was used for all analyses. No extramural funding was
used to support this work. The authors are solely respon-
sible for the design and conduct of this study, all study
analyses, the drafting and editing of the paper and its fi-
nal contents.

Results
Baseline characteristics and outcome of early and
late enrollees

During the study period, 1078 patients were recruited
from 87 hospitals in 14 countries (Argentina, Austria,
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Bulgaria, Colombia, France, Hungary, Israel, Mozam-
bique, Nigeria, Russia, Serbia, Slovakia, South Africa, and
Tunisia) and were randomly assigned to high-intensity
care (HIC; n = 542) or usual care (UC; n = 530). Fifty-
five of the 87 centers enrolled at least 1 patient. Twenty
centers that enrolled >10 patients each accounted for
936 (87%) of the total patients enrolled (Supplementary
Table 1). The distribution of patients by geographic re-
gion among these 20 centers was similar to the overall
distribution of patients enrolled: Africa 24% vs. 22%, Eu-
rope 4% vs. 9%, Russia 71% vs. 65%, and South America
1% vs. 4%. Eleven sites enrolled >20 patients each, with
a total enrolment of 806 (75%) patients, and a similar ge-
ographic distribution except for South America (Africa
25%, Europe 4%, Russia 71%, and South America 0%).”

The group of early enrollees consisted of the first 10 pa-
tients enrolled at each center (N = 342) and the late en-
rollees group consisted of the following patients at each
center (N = 736).

Late enrollees were younger (61+14 vs. 66£12 years,
P < .001), more symptomatic (prevalence of dyspnoea
at rest: 27% vs 9%, P < .001), and had more severe
cardiac disease compared with early enrollees: previous
acute coronary syndrome (32% vs. 22%, P < .001) and
reduced ejection fraction (71% vs. 62%, P = .003) were
more prevalent in late enrollees. They also presented less
comorbid conditions such as chronic obstructive pul-
monary disease (2% vs. 5%, P = .002).

Vital signs were similar in both groups and small but
relevant differences in laboratory parameters at baseline
were observed: NT-proBNP and serum creatinine were
lower in late compared to early enrollees (3,103 [2,967-
3,245] vs. 3,450 [3,217-3,700] ng/L, P = .01 and 104425
vs. 110435 pmol/L, P = .002, respectively) (Table 1 and
Figure 1).

Although some individual risk factors appeared to
be lower in later enrollees while others appeared to
be higher, the overall risk of the primary outcome
of all-cause death or HF readmission at 180 days in
the usual care group was lower (22/135, Kaplan-Meier
16.4%) among early enrollees than among later enrollees
(87/367, Kaplan-Meier 25.6%; adjusted Cox regression
P = .05, see also Table 3).

Treatment of early and late enrollees

Before randomization, most patients received half or
less of the recommended doses of GDMT. About one
third of patients did not receive an ACEi/ARB/ARNi
and more than half of patients did not receive a beta-
blocker. Before randomization, the use and dosing of
ACEi/ARB/ARNi, and MRA were higher in late compared
to early enrollees. Conversely, the use of beta-blocker
was higher in early enrollees. No treatment-by-enrolment
interaction was found (Table 2).

After randomization, the average percentage of optimal
dose of GDMT was higher in the HIC compared to UC
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Table 1. Baseline characteristics by early and late enrolment groups

Parameter Statistic Enrolment Group P-value
Early enrollees (N = 342) Late enrollees (N = 736)

Demographic characteristics
Age, years Mean (SD) 66.2 (12.39) 61.5(13.86) <.001
Sex .18

Female n (%) 122 (35.7%) 294 (39.9%)

Male n (%) 220 (64.3%) 442 (60.1%)
Self-reported Race <.001

Black n (%) 47 (13.8%) 183 (24.9%)

Caucasian n (%) 286 (84.1%) 546 (74.2%)

Other n (%) 7 (2.1%) 7 (0.9%)
Geographical region .38

Europe n (%) 247 (72.2%) 550 (74.7%)

Non-Europe n (%) 95 (27.8%) 186 (25.3%)
Heart failure history
History of heart failure n (%) 284 (83.3%) 632 (85.9%) 27
NYHA class 1-month before admission <.001

1 n (%) 28 (8.8%) 35 (5.1%)

2 n (%) 101 (31.6%) 206 (30.3%)

3 n (%) 162 (50.6%) 253 (37.2%)

4 n (%) 29 (9.1%) 186 (27.4%)
Ischaemic aetiology n (%) 175 (51.6%) 339 (46.1%) .09
LVEF, % Mean (SD) 37.3 (12.80) 35.8 (12.37) 063
LVEF <=40% n (%) 211 (61.7%) 520 (70.7%) .003
HF admission in the past year n (%) 90 (26.4%) 183 (24.9%) .59
Number of HF admission in the past year ~ Mean (SD) 0.4 (0.78) 0.3 (1.24) A1
NT-proBNP at screening, ng/L Geom. Mean (95% Cl) 5995.7 (5624.6, 6391.4) 6024.6 (5785.5, 6273.5) .90
Medical History
Acute coronary syndrome n (%) 74 (21.7%) 237 (32.2%) <.001
Coronary artery bypass surgery n (%) 28 (8.2%) 31 (4.2%) .007
Percutaneous coronary intervention n (%) 49 (14.4%) 103 (14.0%) .85
History of atrial fibrillation or atrial flutter n (%) 146 (42.7%) 337 (45.8%) .34
Stroke or transient ischaemic attack n (%) 36 (10.6%) 63 (8.6%) .29
Diabefes n (%) 11 (32.6%) 202 (27.6%) 09
Malignancies n (%) 14 (4.1%) 15 (2.0%) .051
Moderate or severe COPD n (%) 16 (4.7%) 11 (1.5%) .002
Baseline Vital Signs .
Systolic blood pressure, mmHg Mean (SD) 122.6 (12.95) 122.9 (12.95) 72
Pulse, beats/min Mean (SD) 78.0 (12.29) 79.0 (11.55) .20
Respiratory Rate, breaths/min Mean (SD) 17.7 (3.30) 18.4 (5.15) .037
Baseline Laboratory values .
Hemoglobin, g/L Mean (SD) 135.1 (20.61) 137.1 (19.67) 12
White blood cells, 10/L Mean (SD) 7.4 (2.28) 6.8 (1.84) <.001
Sodium, mmol/L Mean (SD) 139.6 (4.62) 140.5 (3.92) 002
Potassium, mmol/L Mean (SD) 4.3 (0.51) 4.3 (0.42) .78
Urea, mmol/L Mean (SD) 9.0 (4.27) 7.6 (2.98) <.001
Creatinine, umol/L Mean (SD) 110.3 (34.83) 104.3 (25.48) .002
Glucose, mmol/L Mean (SD) 6.8 (2.96) 6.0 (1.91) <.001
NT-proBNP, ng/L Geom. Mean (95% Cl) 3450.0 (3217.0, 3700.0) 3102.8 (2966.8, 3244.9) .01
Oral heart failure medications taken before randomization
ACEi/ARB/ARNi n (%) 176 (52.1%) 513 (69.7%) <001
Beta-blockers n (%) 164 (48.5%) 219 (29.8%) <.001
MRA n (%) 290 (85.8%) 728 (98.9%) <.001
Loop diuretic n (%) 313 (92.6%) 716 (97.3%) <.001

Daily dose, mg Mean (SD) 60.5 (51.12) 63.7 (43.98) .30

Legend: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor neprilysin inhibitor; COPD, chronic obstructive
pulmonary disease; LVEF, left ventricular ejection fraction; MRA, mineralocorticoid receptor antagonist; NT-proBNP, N-terminal pro-B-type natriuretic peptide; NYHA, New
York Heart Association



Table 2. Cuidelinedirected medical therapy dose relative to the optimal dose by visit, treatment arm, and enrolment group

Treatment arm Before randomization Immediately after randomization Day 90
Early enrollees Late enrollees  Early ~ Treatmentby-  Early enrollees Late enrollees  Early — Treatmentby-  Early enrollees Late enrollees  Early  Treatment-by-
(N = 342) (N =736) Vs. group (N = 342) (N =73¢) Vs. group (N = 342) (N =736) vs. group

Late P interaction P Late P interaction P Late P interaction P

HIC uc HIC uc HIC ucC HIC ucC HIC ucC HIC ucC

N (data available) 171 167 369 367 172 167 369 367 156 156 349 341

ACEi/ARB/ARNi 006 .66 .046 .013 .26 <.001

None 46% 50% 29% 31% 4% 45% 1% 32% 5% 33% 1% 28%

< % full dose 31% 22% 44% 46% 29% 26% 16% 44% 20% 30% 9% 43%

Vs - < full dose 21%  25% 27% 22% 63% 28% 83% 24% 21%  31% 34% 28%

> full dose 29% 2.4% 03% O 4% 2% 1% 0% 54% 5% 56% 1%

Beta-blockers <.001 .29 .013 <.001 <.001 <.001

None 54% 49% 71% 69% 5% 43% 0% 69% 7% 35% A% 60%

< Y full dose 21%  19% 10% 14% 18% 17% 10% 11% 10% 15% 13% 17%

Vs - < full dose 24% 32% 18% 17% 74% 38% 89% 20% 30% 42% 36% 21%

> full dose 0.6% 1.2% 0.5% 0.3% 2% 2% 1% 1% 53% 8% 48% 2%

MRA <.001 .75 .001 .87 <.001 .77

None 16% 12% 0.8% 1.1% 5% 8% 0% 1% 10% 14% 4% 3%

< % full dose 0.6% 1.2% 03% 0.3% 1% 1% 0% 0% 1% 3% 0% 0%

Y5 - < full dose 54% 61% 67% 68% 55% 59% 61% 68% 8% 42%  11% 48%

> full dose 29% 26% 32% 31% 40% 32% 39% 31% 81% 41% 85% 49%

Legend: ACEi, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor blocker; ARNi, angiotensin receptor neprilysin inhibitor; HIC, high-intensity care; MRA, mineralocorticoid receptor antagonist; UC, usual care.
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Figure 1. Radar plot of eight selected demographic, medication usage and clinical characteristics collected prior to randomization in
early and late enrollees. Parameters are expressed as Z-scores, which represents how many standard deviations a particular point
differs from the mean within each group. Higher Z-scores are outside, lower Z-scores inside. Avg % optimal dose indicates the
“average percentage optimal dose”, the average of the three GDMT drug classes, expressed as percent of the target dose. LVEF

left-ventricular ejection fraction.

Age

Early enrolees (first 10 patients)
Late enrolees (>10th patient)

LVEF
Male <=40%
Avg %
NT- i
Optimal
proBNP Dose
o NYHA
Creatinine Class IV

Furosemide
Equivalence
Dose

(Figure 2A). However relevant treatment-by-enrolment
interactions were found for each single GDMT class.
The lower betablockers use in the UC arm was more
pronounced in late enrollees during the whole study
period (Table 2 and Figure 2C). Conversely, higher
ACEi/ARB/ARNi use in the HIC arm was more pro-
nounced in the late enrollees both immediately after ran-
domization (interaction P = .013) and at 90 days (inter-
action P < .001) (Table 2 and Figure 2B).

Efficacy and safety of high-intensity care in older
patients

The effect of HIC on the primary endpoint seemed
more pronounced in late enrollees (adjusted HR 0.58,
95% CI 0.40-0.83) compared to early enrollees (adjusted
HR 0.77, 95% CI 0.36-1.67), but the interaction with en-
rolment group was not statistically significant (adjusted
interaction P = .51), (Table 3). However, while in the
UC arm a trend toward more severe outcomes in late en-

rollees was observed (26% vs. 16%, P = .09), outcomes
in the HIC were similar irrespective of the enrolment
group (Figure 3). depicts the cumulative risk for all-cause
death and HF readmission during the 180-day follow-up
according to enrolment group and treatment arm. When
restricted to sites that enrolled greater than 10 patients,
the effect of HIC was similar between late (adjusted HR
0.58, 95% CI 0.40-0.83) and early enrollees (adjusted HR
0.60, 95% CI 0.23-1.59, adjusted interaction P = .93).
Further sensitivity analyses comparing the first and last
patients enrolled at sites that enrolled greater than 10 pa-
tients showed a more pronounced effect in late vs. early
enrolled, though the difference was not statistically sig-
nificant (Table 3). A consistent benefit favoring the HIC
group was observed when dividing patients into cohorts
of twenty based on the timing of enrolment within each
site (interaction P = .78), although the estimates trended
towards a greater effect of HIC for later-enrolled patients
(Figure 4).
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Figure 2. Percentage of optimal doses of GDMT by early vs. late enrollees. A, average percentage optimal dose across all three
medication classes, B, percentage optimal dose of ACEi/ARB/ARNi, C, percentage optimal dose of beta-blockers, D, percentage
optimal dose of MRAs. The “average percentage optimal dose” indicates the average of the 3 GDMT drug classes, expressed as

percent of the target dose.
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Proportions of adverse events (including bradycardia,
hypotension, acute kidney injury and hyperkalemia),
were numerically higher in patients randomized to HIC
compared to UC but did not vary significantly by en-
rolment group (early enrollees: 50% vs 30%; late en-
rollees 37% vs 29%, treatment-by-enrolment interaction
P = .09), (Supplementary Table 2). Rates of serious ad-
verse events in the HIC compared to UC were similar
across the enrolment groups: 21% vs. 16% in early en-
rollees, and 14% vs. 18% in late enrollees, interaction
P = .06, (Supplementary Table 3).

Discussion

This analysis of STRONG-HF showed that over the
course of the trial small but relevant differences in pa-
tient characteristics and event rates between early and

late enrollees occurred. Late enrollees, despite being
younger, having less comorbidities, and lower natriuretic
peptides, displayed more severe cardiac disease and
lower LVEE, which translated into a higher risk of death
or HF readmission. This observation carries implications
for the execution of interventional clinical trials, partic-
ularly if the enrolment period is expected to last several
years. Indeed, despite precise in- and exclusion criteria
that are used to enrich and homogenize the study popu-
lation, the duration of clinical trials may have a relevant
impact on the number of events. Our data confirm the
observed differences in baseline characteristics between
patients enrolled early or late during the recruitment pe-
riod of the ACTION-HF study.? We further extend prior
data by showing that the observed differences in base-
line characteristics translate into different incidences of
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Table 3. Primary endpoint (allcause mortalty / HF readmission at day 180) according to enrolment group and freatment arm

Pvalue (Treatment-by-
enrolment Interaction)

Unadjusted  Adjusted

Late enrollees

Early enrollees

Analysis

Adjusted

Unadjusted
Treatment

Effect

High Intensity  Usual Care

Adjusted
Care

Unadjusted
Treatment

Effect

High Intensity Usual Care

Care

Treatment
Effect

Treatment
Effect

0.77 0.77 58/369 87/367 0.59 0.58 .55 51

22/135

16/137

Main analysis: all sites
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Legend: Adjustment for baseline diastolic blood pressure, ischemic etiology, edema, and baseline NT-proBNP using Cox regression.
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Figure 3. Unadjusted kaplan-meier curves for the primary
endpoint (all-cause death or heart failure readmission) through
day 180 by enrolment group (early vs. late) and treatment.
HIC, high-intensity care; UC, usual care.

Probability of Event-free Survival

HIC vs UC Early enrolees: HR 0.77 (95% CI 0.35 - 1.67)
HIC vs UC Late enrolees: HR 0.59 (95% Cl 0.41 - 0.85)
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Figure 4. Treatment effect of high intensity care vs. usual
care for the primary endpoint (all-cause death or heart failure
readmission) through day 180 by enrolment order in sites that
enrolled greater than 10 patients. HR, hazard ratio; Cl,
confidence interval.
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the primary outcome between early and late enrollees.
If outcomes of trial participants enrolled early or late are
different, this may have significant implications, not only
for trial design and conduct, but for decisions on prema-
ture termination of studies during interim assessments or
protocol amendments mid-stream of a trial. For instance,
a low early event rate may be inappropriately ascribed
to treatment futility. A protocol amendment that caps
recruitment in subgroups or changes the risk profile of
the study population without considering potential dif-
ferences between early and late enrollees may inadver-
tently harm the trial. Furthermore, these data support
the importance of timely enrolment during a clinical trial
to maintain a homogeneous study population, or consid-
eration of statistical approaches to assess potential drifts
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in risk profile over time should a study take much longer
than anticipated.

Despite these differences in clinical characteristics be-
tween early and late enrollees, the present analysis con-
firmed the robustness of the HIC strategy in achieving
GDMT up-titration compared to UC with no treatment-
by-enrolment interaction between early and late patients.

Before randomization, the use of ACEi/ARB/ARNi and
MRA was higher in late enrollees, while the use of
betablockers was higher in early enrollees. However, ran-
domization to HIC was associated to marked up-titration
in both enrolment groups and similar achieved aver-
age percentage of optimal doses of these three med-
ication classes irrespective of the order of inclusion.
This observation is important because it suggests that
when GDMT up-titration is performed following a pro-
tocol, this can be more easily achieved without a signif-
icant learning curve. The observed differences in pre-
randomization use of 2 GDMT classes might be related
to heterogeneity of the sites or an overall improvement
in performance of the local staff with time, involving
also the treatment period before study inclusion. Further-
more, a previously published sub-analysis of the EVEREST
trial highlighted that the enrolment volume of the study
sites might translate into differences in baseline charac-
teristics, treatment, and outcomes. High enrolling sites
had fewer sick patients, better protocol completion, and
lower incidence of the primary outcome.’ In our analysis
we didn’t consider the size of the enrolment site, but we
might anticipate that the “late enrollees” group includes
more patients from high enrolling sites, which per defi-
nition included at least 10 patients.

We also found that pre-randomization betablockers
were used less often in late enrollees compared to the
early group, and although up-titrated in HIC, the differ-
ence in betablocker doses between HIC and UC was
less pronounced over the 90 days in early enrollees. The
reasons of the differential use of betablocker between
early and late patients cannot be fully explained. Ac-
cording to the study protocol, betablocker up-titration
was discouraged when clinical or biochemical evidence
of congestion was present. We might anticipate that in
the more severe group of late enrollees, the propor-
tion of patients in whom betablocker up-titration was
postponed could have been higher. Pre-randomization,
ACEi/ARB/ARNI were less commonly prescribed among
early enrollees, and post-randomization up-titration of
this medication class in HIC was somewhat less among
early enrollees. Again, the difference between early and
late enrollees cannot be fully explained, although it
might be noted that baseline renal function was worse,
on average, among early than late enrollees. The smaller
between-treatment-group differences in these two med-
ication classes among early compared to late enrollees
might explain, in part, the somewhat greater effect of
HIC on the primary outcome in later patients.
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The third - and clinically most relevant finding of this
analysis - is that the efficacy and safety of HIC was ro-
bust and consistent in early and late enrollees with a
non-significant trend towards a more pronounced effect
in late enrollees. The deployment of HIC mitigated the
higher risk of the primary outcome observed in late en-
rollees randomized to UC.

Limitations

There are several inherent limitations to these analy-
ses, in addition to those already mentioned in the over-
all STRONG-HF study. First, given that subgroup analy-
ses are performed, statistical power might be limited as
the study was not specifically powered for these analy-
ses. Second, for this analysis we defined the early and
late groups according to the order of enrolment within
each center. This approach allows consideration of a
larger number of study sites and reduces bias by cen-
ters compared to a definition based on a given calendar
date. Furthermore, by performing the analyses based on
within-site enrolment order would reduce biases related
to asynchronous site initiations and increase accuracy
for local changes occurring over the course of the study
(e.g. with increasing experience at each center).” On the
other hand, the inclusion of the 10th patient occurred
at different calendar dates in each center, and temporal
changes including the impact of the COVID pandemic
on the study sites might have heterogeneously affected
the enrolment groups. Third, low enrolling sites, which
included less than 10 patients, might have biased the re-
sults of the early group. In a sensitivity analysis for the
primary outcome, after removal of patients from study
sites including less than 10 patients, we found robust re-
sults, with similar efficacy of HIC irrespective of enrol-
ment group.

Finally, we were only able to describe associations, and
causality cannot be proven. Our analysis should be con-
sidered hypothesis generating, providing additional data
on the association between order of enrolment, patient
risks, management, and outcomes.

Conclusion

In STRONG-HE late enrollees had different clinical
characteristics and higher event rates compared to early
enrollees. The implementation of GDMT through a HIC
strategy was robust with similar achieved doses in early
and late enrollees. Deployment of HIC had a consistent
efficacy in early and late enrollees, mitigating the higher
risk of adverse outcome in late enrollees.
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