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IMPORTANCE Despite evidence that guideline-directed medical therapy (GDMT) improves
outcomes in patients with heart failure (HF) and reduced ejection fraction, many patients are
undertreated. The Guiding Evidence-Based Therapy Using Biomarker Intensified Treatment
(GUIDE-IT) trial tested whether a strategy of using target concentrations of N-terminal
pro-brain natriuretic peptide (NT-proBNP) to guide optimization of GDMT could improve
outcomes.

OBJECTIVE To examine medical therapy for HF in GUIDE-IT and potential reasons why the
intervention did not produce improvements in medical therapy.

DESIGN, SETTING, AND PARTICIPANTS GUIDE-IT, a randomized clinical trial performed at 45
sites in the United States and Canada, was conducted from January 16, 2013, to September
20, 2016. A total of 894 patients with HF and reduced ejection fraction (=40%) were
randomized to NT-proBNP-guided treatment with a goal to suppress NT-proBNP
concentrations to less than 1000 pg/mL vs usual care. This secondary analysis examined the
medical therapy titration and reasons why the intervention did not produce improvements in
care and outcomes. Data were analyzed March 27 to June 28, 2019.

MAIN OUTCOMES AND MEASURES For each encounter, medication titrations were captured.
A reason was requested if a modification was not made. A Cox proportional hazards regression
model was used to assess the independent association of drug class with outcomes.

RESULTS Among the 838 patients available for analysis (566 men [67.5%]; median age, 62.0
years), 6223 visits occurred during 24 months. Adjustments of HF medication were made
during 2847 of 5218 qualified visits (54.6%) (all usual care visits and all guided care visits with
NT-proBNP level =1000 pg/mL) in 862 patients (96.4%). Most adjustments occurred within
the first 6 months, primarily within the first 6 weeks. The most common reasons for not
adjusting were “clinically stable" and “already at maximally tolerated therapy.” Only 130
patients (15.5%) achieved optimal GDMT (=50% of the target dose of 3-blockers or
angiotensin-converting enzyme inhibitors/angiotensin receptor blockers or any dose of
mineralocorticoid antagonists) at 6 months, an increase from the baseline (79 of 891[8.9%])
but not different by treatment arm. Higher doses of 3-blockers were associated with reduced
risk of the composite outcome of HF hospitalization and cardiovascular death (hazard ratio
[HR], 0.98; 95% Cl, 0.97-1.00; P = .008) and of all-cause death (HR, 0.97; 95% Cl,
0.95-0.99; P = .01). Higher doses of angiotensin-converting enzyme inhibitors (HR, 0.84;
95% Cl, 0.75-0.93; P < .001) and angiotensin receptor blockers (HR, 0.84; 95% Cl, 0.71-0.99;
P = .04) were associated with reduced risk of all-cause death. Increasing doses of
mineralocorticoid antagonists did not appear to be associated with improved outcomes.

CONCLUSIONS AND RELEVANCE Despite a protocol-driven approach, many patients in
GUIDE-IT did not receive medication adjustments and did not achieve optimal GDMT,
including those with known elevated NT-proBNP concentrations. These results suggest that

opportunities exist to titrate medications for maximal benefit in HF. GUIDE-IT may have failed Author Affiliations: Author
to achieve treatment benefit because of therapeutic inertia in clinical practice, or current affiliations are listed at the end of this
GDMT goals may be unrealistic. article.
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igh-quality evidence has established that the use of
guideline-directed medical therapy (GDMT) at target
doses reduces morbidity and mortality in heart fail-
ure with reduced ejection fraction (HF-1EF). Despite this fact,
many patients in clinical practice are not treated with these
agents or are treated with lower-than-recommended doses."?
This disconnect between evidence and practice is not well un-
derstood. When patients appear to be stable or are perceived
to be doing well, there may be a natural reluctance by clini-
cians or patients to alter therapy and potentially cause ad-
verse effects. We hypothesized that this therapeutic inertia
might be overcome by providing biomarker feedback that some
apparently stable patients may still need therapy intensifica-
tion, which served as the basis of the Guiding Evidence-
Based Therapy Using Biomarker Intensified Treatment
(GUIDE-IT) trial. Concentrations of amino-terminal pro-B type
natriuretic peptide (NT-proBNP) were chosen because they are
strongly associated with outcomes in patients with HF and may
be lowered using standard therapies in HF-rEF, such as [3-block-
ers, angiotensin-converting enzyme inhibitors (ACEis), angio-
tensin II receptor blockers (ARBs), and mineralocorticoid re-
ceptor antagonists (MRAs). Smaller trials examining the use
of NT-proBNP concentrations to “guide” GDMT have sug-
gested that the approach leads to more assiduous application
of GDMT along with better outcomes compared with usual
care.>”®
To test the prognostic benefits of biomarker-guided care
for HF in a large, multicenter randomized clinical trial, Felker
et al® performed the GUIDE-IT trial at 45 sites in the United
States and Canada by comparing NT-proBNP-guided HF man-
agement vs usual care. Patients in the biomarker-guided arm
were treated with usual care plus a goal to suppress NT-
proBNP to less than 1000 pg/mL (to convert NT-proBNP to
nanograms per liter, multiply by 1), whereas those in the usual
care arm received standard clinically guided approaches to
treatment decisions. GUIDE-IT planned for an enrollment of
1100 patients but was stopped early by the data safety moni-
toring board owing to futility. No difference in achieved NT-
proBNP concentrations between the 2 study arms was re-
ported, and initial analysis showed comparable administration
of GDMT between both study groups.” In this secondary analy-
sis, we aimed to examine the medical therapy titration in
greater detail to understand potential reasons why the inter-
vention did not produce the hypothesized improvements in
care and outcomes.

Methods

Patient Cohort and Medical Therapy Protocols

The GUIDE-IT trial design and outcomes have been previ-
ously reported.®” GUIDE-IT was a multicenter randomized
clinical study, conducted from January 16, 2013, to Septem-
ber 20, 2016, that tested the strategy of augmented guideline-
based therapy to suppress NT-proBNP concentrations to less
than 1000 pg/mL vs usual care. The study was approved by
the institutional review board at each study site, and all par-
ticipants provided written informed consent.
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Key Points

Question What heart failure medication was used and what were
reasons for not titrating therapy in the Guiding Evidence-Based
Therapy Using Biomarker Intensified Treatment study?

Findings In this secondary analysis of a randomized clinical trial
including 838 patients with heart failure and reduced ejection
fraction, medication adjustments were made during 2847 of 5218
qualified visits (54.6%). The most common reasons for not
adjusting were “clinically stable” and “already at maximally
tolerated therapy,” and at 6 months, only 130 patients (15.5%)
achieved optimal guideline-directed medical therapy (=50% of
the target dose of B-blockers, angiotensin-converting enzyme
inhibitors or angiotensin receptor blockers, or any dose of
mineralocorticoid antagonists).

Meaning These results suggest that opportunities exist to titrate
medications for maximal benefit in patients with heart failure.

The primary end point was the composite of time to HF
hospitalization or cardiovascular death; 894 patients were ran-
domized to the biomarker-guided or usual care groups. At each
clinical encounter, sites evaluated the need for medication
titration. The study protocol specified interventions to be con-
sidered to achieve the NT-proBNP target in the biomarker-
guided arm (eMethods 1in the Supplement), but specific treat-
ment decisions were at the discretion of the treating physician.
Specific changes in therapy and the rationale for them (eg, in
response to clinical change or NT-proBNP concentration) were
captured on the case report form. Patients randomized to the
usual care group received care based on clinical practice
guidelines.® Investigators were provided with specific infor-
mation on target doses of neurohormonal antagonists
(B-blockers, ACEis/ARBs, and MRAs) from clinical trials. Di-
uretic therapy was titrated based on clinical judgment of the
treating physician and was considered a medication adjust-
ment or titration. Sites were asked not to perform open-label
assessment of natriuretic peptides in the usual care group.
Among the 894 patients in the trial, all patients with a record
of at least 1 visit during any of the study visits (ie, at baseline,
2 weeks, 6 weeks, and every 3 months throughout to a maxi-
mum of 2 years) were included in our analysis cohort.

Reasons for Not Titrating Medication

A reason was requested if a modification was not made at the
study visit. Reasons were provided by the site in categorical
and free-text formats and mapped to appropriate groupings.

Optimal GDMT at 6 Months

Optimal GDMT was defined as receiving 50% or more of the
target dose of B-blockers or ACEis/ARBs or any dose of MRAs
by the 6-month study visit. If the patient did not have a medi-
cation record but was known to be alive by the 6-month study
visit, the medication dose at the last visit was carried for-
ward. Patients who died before the 6-month visit and/or never
had a medication dose recorded in the first 6 months of
follow-up were excluded from the optimal GDMT analysis
(Figure 1).
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Figure 1. Study CONSORT Diagram

894 Patients randomized
448 Usual care
446 Biomarker-guided therapy

56 Excluded
54 Deaths at 6 mo
2 No medication data in 6 mo of follow-up

838 Evaluable for medication by 6 mo

660 Medication data at 6 mo

178 Medication data at visits at earlier
than 6 mo
79 Survived past 6 mo but no

record of 6 mo medication

65 Censored at 6 mo
34 Dropped before 6 mo

l

838 Included for analysis of optimal therapy
by 6 mo
130 Achieved optimal triple therapy

The last medication data before 6 months are carried forward.

Qualified Visits

Qualified visits in the usual care arm were defined as all vis-
its. Qualified visits in the guided-therapy arm were defined as
those with an NT-proBNP concentration greater than or equal
to 1000 pg/mL or higher (by local laboratory).

Clinical Outcomes

The clinical outcomes included the composite of time to
first HF hospitalization or cardiovascular death and all-
cause mortality. For the landmark analyses at 3 months,
patients with the respective event observed or censored
before the landmark time point were excluded. For HF hos-
pitalization or cardiovascular death, patients who survived
the 3-month landmark without HF hospitalization were
included. Similarly, patients who were alive at 3 months
regardless of their history of HF hospitalization were
included for all-cause mortality analysis.

Statistical Analysis

Data were analyzed from March 27 to June 28, 2019. Descrip-
tive data were summarized as frequencies and percentages for
categorical variables and medians with 25th and 75th percen-
tiles (interquartile range [IQR]) for continuous variables. Sum-
mary data on baseline characteristics of patients who achieved
optimal GDMT at 6 months were compared with those who did
not use the Pearson ¥ test or the Wilcoxon rank-sum test, as
appropriate. The change over time of the relative frequency
of patients receiving guideline-recommended therapies for a
number of drug classes (ACEis/ARBs, 3-blockers, MRAs, loop
diuretics, double target therapy, and triple target therapy) was
evaluated. We specifically tested for significance of the change
at12 months relative to baseline applying generalized estimat-
ing equations to fit a logistic regression model that takes into
account the correlation between pairs of visits of the same pa-
tient. The comparison was performed at the aggregate level and
in subgroup analyses by stratifying according to sex (male or
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female), race/ethnicity (white or nonwhite), and age group (=65
or <65 years).

For the analysis of reasons for not titrating medication, the
frequency distribution of whether there was titration (yes or
no) and the specific reasons if there was no titration were de-
termined at each study visit. The proportion of visits with
titration was compared between the treatment arms and strati-
fied by NT-proBNP concentration (1000 or <1000 pg/mL), ap-
plying the generalized equalizing equation approach to fita lo-
gistic regression model that takes into account the correlation
between multiple visits per patient.

To evaluate how much the decision to change or adjust dos-
ages at each appropriate visit was based on physiologic vari-
ables, we examined the nature of the association of heart rate,
systolic blood pressure (SBP), potassium level, and serum cre-
atinine (SCr) level with the probability of change in medica-
tion, applying a spline-smoothed regression. To further ex-
amine specific reasons for no change that included “at
maximally tolerated dose,” “at guideline-recommended tar-
get dose,” and “clinically stable,” summary tables were cre-
ated of median (IQR) values for doses of 3-blockers, ACEis/
ARBs, diuretics, and MRAs and median (IQR) values of heart
rate, SBP, potassium level, SCr level, glomerular filtration rate,
and NT-proBNP concentration at the 6-month point.

The association of medication classes with clinical out-
comes was assessed in landmark analyses at 90 days. A mul-
tivariable Cox proportional hazards regression model was used
to examine the independent association of each drug class, in-
cluding B-blockers (per 5-mg dose), ACEis (per 5-mg dose),
ARBs (per 25-mg dose), and MRAs (per 25-mg dose), with the
outcomes (HF hospitalization or cardiovascular death and all-
cause mortality) 90 days after randomization. The hazard ra-
tio (HR) and 95% CI from the Cox proportional hazards regres-
sion fit was estimated as the measure of the change in relative
risk per the rescaled unit increase in dose. The choice of the
rescaling factors for the doses followed previous work by
Januzzi et al.® Briefly, the dose was converted to dose equiva-
lents (carvedilol equivalents for B-blockers, lisinopril equiva-
lents for ACEis, losartan equivalents for ARBs, and spirono-
lactone equivalents for MRAs) according to a previously
published conversion table (eMethods 2 in the Supplement).

A 2-sided P < .05 was regarded as significant. All statisti-
cal analyses were performed with SAS, version 9.4 (SAS Insti-
tute, Inc) and R statistical software, version 3.5.0 (R Project for
Statistical Computing).

. |
Results

A total of 838 patients (272 women [32.5%] and 566 men
[67.5%]; median age, 62.0 [IQR, 53.0-71.0] years) had data avail-
able for analysis at 6 months (Figure 1). Only 130 patients
(15.5%) were receiving optimal GDMT at 6 months (=50% of
the target dose of B-blockers or ACEis/ARBs or any dose of
MRASs) (Table 1). This proportion was significantly increased
from the baseline (79 of 891 [8.9%]) (eTable 1 in the Supple-
ment) but was similar between groups (70 of 423 [16.5%] pa-
tientsin the intervention arm and 60 of 415 [14.5%] in the usual
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Table 1. Baseline Demographics of Patients Who Achieved vs Did Not Achieve Optimal GDMT at 6 Months?

Patient group
Achieved optimal GDMT  Did not achieve optimal GDMT
Characteristic (n=130) (n=708) Pvalue
Age, median (IQR), y 56 (47-64) 64 (54-72) <.001
Women 35 (26.9) 237 (33.5) 14
Race/ethnicity®
White 63 (50) 392 (57) 12
Black 55(43) 254 (37) .17
Other 8(6.2) 42 (5.9) .92
Hispanic 7 (5.4) 49 (6.9) .52
Duration of HF, median (IQR), mo 19 (1-65) 12 (1-66) .94
LVEF at baseline, median (IQR) 22 (17-30) 25 (20-30) .28
NYHA class at enrollment
| 8(6.2) 50(7.2)
I} 72 (55.8) 360 (51.5)
I 48 (37.2) 278(39.8) 76
[\ 1(0.8) 11(1.6)
Missing 1(0.8) 9(1.3)
Risk factors
Ischemic heart disease 44 (33.8) 363 (51.3) <.001 Abbreviations:
Diabetes 44 (33.8) 337 (47.6) <.001 ACEI, angiotensin-converting enzyme
Atrial fibrillation 51(39.2) 281(39.7) 92 inhibitor; ARB, angiotensin Il receptor
A ] blocker; GDMT, guideline-directed
Chronic kidney disease 29 (22.3) 270 (38.1) .005 medical therapy; GFR, glomerular
SBP, median (IQR), mm Hg 119 (106-136) 113 (102-128) .005 filtration rate; HF, heart failure;
Heart rate, median (IQR), beats/min 78 (68-86) 76 (67-86) .58 IQR, interquartile range; LVEF, left
. ventricular ejection fraction;
NT-proBNP level, median (IQR), pg/mL 1786 (988-3549) 2726 (1517-5373) <.001 MRA, mineralocorticoid receptor
SCr level, median (IQR), mg/dL 1.2(1.0-1.4) 1.3(1.1-1.7) <.001 antagonist; NT-proBNP, N-terminal
GFR, median (IQR), mL/min/1.73m? 72 (57-89) 58 (42-74) <.001 pro-brain natriuretic peptide;
NYHA, New York Heart Association;
Treatments SBP, systolic blood pressure;
B-Blocker 126 (96.9) 658 (92.9) .10 SCr, serum creatinine.
ACEi/ARB 127 (97.7) 522 (73.7) <.001 Sl conversion factors: To convert
MRA 100 (76.9) 313 (44.2) <.001 NT-proBNP to nanograms per liter,
- — multiply by 1; SCr to micromoles per
Implantable cardioverter-defibrillator 54 (41.5) 277 (39.1) .60 liter, multiply by 88.4.
Cardiac resynchronization therapy 21 (16.2) 131(18.5) .52 2 Optimal GDMT is increased dosage
Study site of 50% or more of B-blockers or
Community 55 (42.3) 317 (44.8) ACEls/ARBsor.an)l/dqse of MRA.
- 60 Unless otherwise indicated, data are
Academic 75(57.7) 391(55.2) expressed as number (percentage)
Treatment arm of patients. Percentages have been
Guided therapy 70 (53.8) 353 (49.9) . br°“"d‘3d and may not total 100.
4 ; . .
Usual care 60 (46.2) 355(50.1) Some patients identified as more

care arm; P = .40). Three hundred sixty-three patients (43.3%)
achieved double HF therapy (any combination of >50% of the
target dose of B-blockers or ACEis/ARBs or any dose of MRASs)
at 6 months. There was no difference between the treatment
arms in the likelihood of achieving double HF therapy (194 of
423[45.9%] in the intervention arm and 169 of 415 [40.7%] in
the usual care arm; P = .13).

Patients who achieved optimal GDMT were younger (me-
dian age, 56 [IQR, 47-64]vs 64 [IQR, 54-72] years), with fewer
comorbidities (ischemic heart disease, 44 [33.8%] vs 363
[51.3%]; diabetes mellitus, 44 [33.8%] vs 337 [47.6%]; and
chronic kidney disease, 29[22.3%]vs 270 [38.1%]) and a more
stable clinical profile, including higher SBP (median, 119 [IQR,
106-136] vs 113 [IQR, 102-128] mm Hg), lower NT-proBNP con-
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than 1racial/ethnic group.

centration (1786 [IQR, 988-3549] vs 2726 [IQR, 1517-
5373] pg/mL), and lower SCr level (median, 1.2 [IQR, 1.0-1.4]
vs 1.3[IQR, 1.1-1.71 mg/dL). There was no difference by race or
sex in likelihood of achieving optimal GDMT and no differ-
ence between academic or community sites.

A total of 894 patients completed the trial, which repre-
sented 6223 study visits over a maximum of 24 months. Medi-
cation adjustments were made in 2847 of 5218 qualified study
visits (54.6%) (all visits in the usual care arm and visits in the
guided arm with NT-proBNP level 21000 pg/mL). These vis-
its represented 862 patients (96.4%) (eTable 2 in the Supple-
ment), including 1429 of 2095 visits (68.2%) in guided-arm pa-
tients with NT-proBNP greater than or equal to 1000 pg/mL
in whom titration would have been expected according to study
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Figure 2. Reasons for Not Titrating Medications by Treatment Arm

15
I Usual care (n=3123) !Data in.c!ucl.e all qualified visits, that
% 10 ) B is, all visits in the usual care arm and
£ [ NT-proBNP-guided therapy (n=2095) all visits in the guided therapy arm
% with N-terminal pro-brain natriuretic
£ 3 peptide (NT-proBNP) levels of greater
l ﬂ ﬂ l than or equal to 1000 pg/mL,
0 [ EmTT e e determined by local laboratories. To
At At Clinically Not NT-proBNP Other Patient Clinician Unable to convert NT-proBNP to nanograms per
quideline- maximum stable indicated? already preference decision tolerate or liter. multiply by 1
recommended  tolerated at target recently ' ply by 1.
target dose therapy range hospitalized ?Includes laboratory draw, telephone
visit, or end of study.
Table 2. Reasons for Not Titrating Medication Dose
No. of visits
At guideline- At maximum NT-proBNP Unable to tolerate
recommended tolerated Clinically Not level at Patient Clinician or recent
target dose therapy stable indicated? target range Other preference  decision hospitalization
Visit (n=174) (n =257) (n =276) (n=174) (n=33) (n=40) (n=40) (n =215) (n=176)
All 366 577 581 206 46 48 51 270 228
Usual care 334 367 479 127 27 31 33 178 130
Guided therapy 32 210 102 79 19 17 18 92 98

Abbreviation: NP-proBNP, N-terminal pro-brain natriuretic peptide.
2 Includes laboratory draw, telephone visit, or end of study.

protocol (eTable 4 in the Supplement). Most of the GDMT ad-
justment occurred within the first 6 months, primarily within
the first 6 weeks of enrollment.

The primary reasons reported by investigators for not ad-
justing therapy were “clinically stable” (581 of 5218 visits
[11.1%]) and “already at maximally tolerated therapy” (577 of
5218 [11.1%]) (eTable 2 in the Supplement). In the interven-
tion arm, when the NT-proBNP concentration was greater than
or equal to 1000 pg/mL (qualified visit), the most common rea-
son for not titrating medication was reported as “already at
maximally tolerated therapy” (210 of 2095 [10.0%]) (eTable 3
in the Supplement, Figure 2, and Table 2). The results were con-
sistent by sex, with these top 2 reasons reported for both men
and women. In white patients, “at maximally tolerated
therapy” was selected as the most common reason, whereas
in black patients, “clinically stable” was the most common rea-
son selected. In patients older than 65 years, “at maximally tol-
erated therapy” was the most common reason selected,
whereas in patients 65 years or younger, “clinically stable” was
most commonly selected. Investigators in the community set-
ting were more likely to report “clinically stable” as the most
common reason for not titrating (354 of 2323 [15.2%] visits in
community sites vs 224 of 2895 [7.7%] visits in academic sites;
P <.001), with both academic and community sites reporting
“at maximally tolerated therapy” as the top 2 reasons. Aca-
demicsites reported “at guideline-recommended target dose”
as the second most common reason.

In the usual care arm (where clinicians were blinded to NT-
proBNP values), medication changes were made in 967 0of 1973
visits (49.0%) when NT-proBNP was greater than or equal to
1000 pg/mL and 356 of 866 visits (41.1%) when NT-proBNP con-
centration was less than 1000 pg/mL. These findings indi-
cated a high rate of titration in the usual care arm even when
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NT-proBNP concentration was low (eTable 4 in the Supple-
ment).

The eFigure in the Supplement demonstrates the associa-
tion of physiologic variables and likelihood of medication
change. Heart rate, SBP, potassium level, and SCr level were
important physiologic considerations in the probability of
whether or not a medication change was made. Patients with
a higher heart rate or elevated potassium level had increased
probability of a medication change. Systolic blood pressure
showed a linear relationship, and SCr level did not have an as-
sociation with the probability of medication change. For pa-
tients with the selected reason “at maximally tolerated
therapy,” maximum therapy was likely based on important
parameters (eg, heart rate of 70 bpm; SBP of 102 mm Hg; po-
tassium level of 4.3 mEq/L; SCr level of 1.4 mg/dL; and esti-
mated glomerular filtration rate of 57 mL/min/1.73 m?) (eTable 5
in the Supplement). When “at guideline-recommended tar-
get dose” was selected, the median -blocker daily dose was
50 mg; ACEi dose, 19 mg; ARB dose, 100 mg; MRA dose, 25 mg;
and loop diuretic dose, 40 mg (eTable 6 in the Supplement).
When “clinically stable” was selected, mean daily doses of
medications were not at target, and physiologic parameters ap-
pear to allow for further medication change (eTable 7 in the
Supplement). In these visits (clinically stable but no medica-
tion change occurred), the median NT-proBNP level was 3045
(IQR, 1829.0-5870.0) pg/mL in the intervention group, indi-
cating that these 66 visits could have included a medication
titration per the study protocol.

Higher doses of -blockers were associated with improve-
ment in both the primary composite outcome (HR, 0.98; 95%
CI, 0.97-1.00; P = .008) and all-cause mortality (HR, 0.97; 95%
CI, 0.95-0.99; P = .01), with approximately 2% to 3% reduc-
tion in risk for every 5-mg increase in dose (Table 3). Higher
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Table 3. Outcomes by Medication Class

Composite HF hospitalization

or cardiovascular death (n = 714)?

All-cause mortality (n = 808)°

Medication class Outcome analysis Pvalue Outcome analysis P value
No. of events 207 NA 119 NA
No. censored 507 NA 689 NA
HR (95% Cl) per 5-mg increase in dose
B-Blocker 0.98 (0.97-1.00) .008 0.97 (0.95-0.99) .01
ACEi 0.99 (0.95-1.05) .95 0.84(0.75-0.93) <.001
HR (95% Cl) per 25-mg increase in dose
ARB 1.05(0.99-1.13) .13 0.84(0.71-0.99) .04
MRA 1.01(0.82-1.23) .95 1.14 (0.90-1.44) .28

Abbreviations: ACEi, angiotensin-converting enzyme inhibitor;
ARB, angiotensin Il receptor blocker; HF, heart failure; HR, hazard ratio;
MRA, mineralocorticoid receptor antagonist; NA, not applicable.

2 Among the 894 patients in the trial, a total of 180 (121 with HF hospitalization
and/or cardiovascular death; 59 censored for the events before landmark)

were excluded, leaving 714 available for the primary end point analysis.

® Among the 894 patients in the trial, a total of 86 were censored for all-cause
mortality (n = 62) or death before the 3-month landmark (n = 24), leaving
808 available for the effect on mortality analysis.

doses of ACEis (HR, 0.84; 95% CI, 0.75-0.93; P < .001) and ARBs
(HR, 0.84; 95% CI, 0.71-0.99; P = .04) were associated with a
reduction in risk of all-cause mortality with increasing doses,
but such an observation was not present for the primary end
point of HF hospitalization or cardiovascular death. In this
analysis, increasing doses of MRAs were not associated with
improved outcomes for either end point.

|
Discussion

There were several important findings from this analysis.
First, the rate of optimized GDMT in the trial was disappoint-
ingly low, with only 15.5% of patients achieving optimal
GDMT at 6 months despite this objective being clear to all
investigators with performance feedback for the interven-
tion arm during the conduct of the trial. The fact that the
investigative group consisted of experienced HF clinicians
who had substantial familiarity and comfort with the drugs
in question and their use in patients with difficult HF is par-
ticularly notable. Furthermore, sex, race/ethnicity, and type
of center (academic vs community) did not appear to influ-
ence the likelihood of therapy changes; however, younger
patients with fewer comorbidities were more often titrated
to more comprehensive GDMT. Third, most dose adjust-
ments occurred within the first 6 weeks of enrollment, sug-
gesting that once a period of apparent clinical stability has
been achieved, there may be a reluctance to push drug
therapy further toward a theoretical target. This therapeutic
inertia may have several causes, including a reluctance by
physicians or patients to risk adverse effects with higher
doses and uncertain tangible benefits for individual patients.
However, we found that when “maximally tolerated” or “at
guideline target” was selected, the general clinical profile
indicated these reasons were likely accurate. Nonetheless,
some visits may have had room for titration, particularly
when patients were deemed to be clinically stable. This find-
ing supports the notion that apparently clinically stable
patients may have room for medication titration, but gener-
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ally patients may be maximized before reaching target
GDMT. Heart rate, SBP, and potassium levels are important
variables associated with the likelihood of a medication
adjustment, whereas SCr level is important but not as
strongly correlated.

Finally, those patients in the biomarker-guided arm did not
receive more intensive titration of GDMT despite an NT-
proBNP target level less than 1000 pg/mL. Reasons for not ti-
trating were often subjective, including clinician impression
that patients were medically at their maximally tolerated doses,
even in the face of elevated NT-proBNP concentrations. Our
data are similar to results from the Change the Management
of Patients With Heart Failure (CHAMP) registry, which re-
ported a similar finding of only 1% of eligible patients receiv-
ing target doses of GDMT combined.! On the other hand, 43.3%
of patients in our study achieved double “optimal” HF therapy,
indicating that perhaps few patients achieve optimal therapy
but many may achieve double GDMT. In the CHAMPION
(CardioMEMS Heart Sensor Allows Monitoring of Pressure to
Improve Outcomes in Class III Heart Failure) Trial, in 280 pa-
tients receiving usual care, there were a total of 1061 HF medi-
cation adjustments over 6 months, driven by diuretics (585
adjustments).'° There were no changes in the use or doses of
neurohormonal antagonists (ACEi/ARB or -blockers) in the
usual care arm. Together, these findings indicate a mean of 4
medication changes per patient during 6 months, with more
than half of the changes attributed to diuretic adjustments. This
further indicates that even in the setting of a protocol-driven
approach, significant opportunity remains to titrate doses of
life-saving therapies for HF-1EF.

We found significant improvement in outcomes with
increasing doses of B-blockers. This finding is consistent
with previous findings, emphasizing the dose-related ben-
efit from this class of therapy.!! As well, higher doses of
ACEis/ARBs were associated with a reduction in the risk of
all-cause mortality, consistent with previous data.!?'*> We
found no signal for improved outcome associated with
increased doses of MRAs in this study, consistent with other
trials. The heterogeneity of response to MRAs relative to
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improved outcome deserves further assessment. However,
these nonrandomized comparisons should be interpreted
cautiously in this context.

Limitations

This analysis has several limitations. Patients not meeting
eligibility criteria for GUIDE-IT were excluded from the
study. Compared with HF registries, GUIDE-IT represents a
relatively young cohort of patients, and therefore very
elderly and frail patients are less represented. GUIDE-IT
included a relatively sick cohort of patients, with recent
hospitalization and relative instability (hospitalization and
high NT-proBNP concentrations within last 30 days). On the
other hand, GUIDE-IT includes one of the largest cohorts of
Hispanic, black, and female patients in a clinical trial for HF,
and therefore the characterization of special populations
and their importance in predictive models is important.
Combined sacubitril and valsartan (Entresto) was new to the
market during the course of the GUIDE-IT trial, so this
therapy could not be evaluated in the context of other
GDMT. Finally, causal relationships were not recorded, so

Original Investigation Research

the association between aggregate clinical profile and medi-
cation adjustment decisions are inferred and not deter-
mined on an individual basis.

. |
Conclusions

Despite a protocol-driven approach implemented by experi-
enced HF cardiologists, many patients in the GUIDE-IT trial did
not receive GDMT adjustments, particularly in the long term,
even in those with known elevated NT-proBNP concentra-
tions. These results suggest that GUIDE-IT may have failed to
achieve the treatment benefit postulated because of thera-
peutic inertia in clinical practice or that current GDMT goals
may be unrealistic. The opportunity to titrate GDMT remains
in the care of patients with HF-rEF, although some patients may
be maximized before achieving GDMT. Whether more assidu-
ous titration of therapies for patients in the biomarker-
guided arm—in whom NT-proBNP concentration often re-
mained elevated above the target value—would have further
improved outcomes remains speculative.
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