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Abstract

Randomized clinical trials are the foundation of evidence-based medicine and central to practice 

guidelines and patient care decisions. Nonetheless, randomized trials in heart failure (HF) 

populations have become increasingly difficult to conduct and are frequently associated with slow 

patient enrollment, highly selected populations, extensive data collection, and high costs. The 

traditional model for HF trials has become particularly difficult to execute in the United States 

(US), where challenges to site-based research have frequently led to modest US representation in 

global trials. In this context, the TRANSFORM-HF (Torsemide Comparison with Furosemide for 

Management of Heart Failure) trial aims to overcome traditional trial challenges and compare the 

effects of torsemide versus furosemide among patients with HF in the US. Loop diuretics are 

regularly used by the majority of patients with HF and practice guidelines recommend optimal use 

of diuretics as key to a successful treatment strategy. Long-time clinical experience has contributed 

to dominant use of furosemide for loop diuretic therapy, although pre-clinical and small clinical 

studies suggest potential advantages of torsemide. However, due to the lack of appropriately 

powered clinical outcome studies, there is insufficient evidence to conclude that torsemide should 
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be routinely recommended over furosemide. Given this gap in knowledge and the fundamental 

role of loop diuretics in HF care, the TRANSFORM-HF trial was designed as a prospective, 

randomized, event-driven, pragmatic, comparative effectiveness study to definitively compare the 

effect of a treatment strategy of torsemide versus furosemide on long-term mortality, 

hospitalization and patient-reported outcomes among patients with HF.
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Randomized clinical trials represent the cornerstone of evidence-based medicine and provide 

the foundation for modern clinical practice guidelines and patient care. In the field of heart 

failure (HF), several clinical trials over the past 30 years have directly led to availability of 

multiple effective therapies for HF with reduced ejection fraction (HFrEF).(1) However, 

despite these landmark trials in HFrEF populations, the current model for large-scale HF 

clinical trials faces ongoing and escalating challenges. For example, high costs and slow 

enrollment associated with site-based research in the United States (U.S.) have led to 

minimal US representation in most large trials, generating questions regarding the 

generalizability of overall trial results to routine US practice.(2) To ensure future programs 

support the continued need for high-quality, timely, and efficient evidence generation and are 

conducive to robust US participation, examination and reassessment of the contemporary HF 

clinical trial enterprise is warranted. With a focus on trials for patients hospitalized for HF, 

this article will review challenges encountered by traditional trial programs and propose a 

conceptual framework for overcoming barriers through a pragmatic and patient-centered 

approach to HF trial design. To illustrate these concepts in practice, we conclude with the 

rationale and design of the TRANSFORM-HF (Torsemide Comparison with Furosemide for 

Management of Heart Failure) trial, a pragmatic, randomized, comparative effectiveness trial 

of torsemide versus furosemide among patients hospitalized for HF.

CHALLENGES WITH THE TRADITIONAL MODEL FOR HEART FAILURE 

TRIALS

Low Enrollment Rates

A recent review of phase II to phase IV HF trials in hospitalized patients from 2001-2016 

demonstrated an enrollment rate of only 0.68 patients/site/month.(3) Moreover, such 

enrollment rates have often been lower among the subset of large global trials. For example, 

in the EVEREST (Efficacy of Vasopressin Antagonism in Heart Failure: Outcome Study 

with Tolvaptan) trial, 77 (18%) of the 436 activated sites did not enroll a single patient.(4) 

Among sites that enrolled ≥1 patient, the enrollment rate was 0.41 patients/site/month and 

>60% of sites enrolled 10 or fewer patients.(4) Although enrollment efficiency is a 

widespread concern, the problem is particularly severe in the U.S. Across 4 global HF trials 

in hospitalized patients published since 2013, the proportion of patients enrolled from North 

America was 8-15%.(5-8)
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Reasons for slow enrollment rates and low US representation in HF trials are likely 

multifactorial. Traditional protocols require detailed and longitudinal data collection and a 

rigorous schedule of on-site patient follow-up assessments. These elements generally 

include testing beyond what patients would otherwise receive as standard care, introducing a 

potentially unappealing or infeasible burden for patients and caregivers (especially in the 

setting of the physical disability and comorbidities common to the HF population). 

Likewise, traditional protocols routinely carry with them a significant workload for enrolling 

sites. This sizeable workload is in the setting of diminishing incentives for site investigators 

to participate in clinical research. This is especially the case in the US, where investigator 

salaries are commonly tied to production of relative value units derived from clinical work, 

making the role of site investigator potentially unappealing compared with mandatory or 

better compensated clinical activities.(2) In a survey of investigator perceptions of research 

participation, 86% of respondents were less likely to perform activities that did not directly 

count towards their clinical work target.(2,9) Compounding the general lack of financial 

incentive, site investigators and coordinators typically have little academic incentive, often 

receiving minimal recognition and/or promotion within their home institution and 

inconsistent authorship on trial manuscripts or any subsequent academic output.

Low site enrollment rates have implications on overall trial costs, duration, and 

generalizability, but accumulating research suggests enrollment inefficiency can have deeper 

consequences that directly impact trial data. Data from 2 global hospitalized HF trials found 

that patients enrolled from centers with lower enrollment rates had higher rates of mortality 

and hospitalization endpoints.(4,10) In addition, these same patients from low-enrolling sites 

tended to have higher rates of protocol discontinuation (e.g., protocol deviations, withdrawal 

of consent, lost to follow-up).(4,10) Therefore, from the perspective of trial conduct, poorly 

enrolling sites naturally make minimal contribution towards overall recruitment targets, but 

may also contribute data of lesser quality or completeness.

Generalizability of Trial Results

Questions over trial generalizability to US clinical practice partly stem from the above-

mentioned quantitative underrepresentation of US patients in global trials dominated by 

enrollment from abroad. However, these concerns are amplified by qualitative features of the 

limited US patients ultimately included.(11) By virtue of numerous inclusion and exclusion 

criteria and the requirement for rigorous longitudinal data collection and in-person visits, US 

patients enrolled in a hospitalized HF trial may differ substantially from US patients seen in 

routine clinical practice. Moreover, among US HF trials in hospitalized patients, questions of 

clinical trial generalizability may particularly apply to older patients, women, and racial/

ethnic minorities.(11) Among trials for patients hospitalized for HF conducted between 2001 

and 2016 with partial or exclusive participation from North America, the mean age of 

participants was 62 years compared with 73 years among US registry/community-based 

studies.(12) The proportion of women in such trials was only 31% relative to 50% for US 

epidemiologic cohorts.(12) Given potentially important biologic differences by comorbidity 

status, age, sex, and race/ethnicity, risks and benefits of tested therapies could conceivably 

vary based on these differing patient characteristics. In aggregate, these systematic 

Greene et al. Page 3

JACC Heart Fail. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



differences in representation between trial and real-world cohorts may limit the ability of the 

traditional HF trial model to best inform care of the general HF community in the US.

High Costs

Financial Costs—The financial costs of clinical trials are a concern for study sponsors. 

An analysis including 7 major pharmaceutical companies and 726 clinical trials conducted 

across several medical conditions from 2010-2015 found that median costs for conducting a 

study from protocol approval to final report were US$3.4 million for phase I trials, US$8.6 

million for phase II, and US$21.4 million for phase III.(13) However, these costs are 

generally much higher for HF trials. For example, among 138 pivotal clinical trials leading 

to regulatory approval from 2015 to 2016, PARADIGM-HF was the most expensive at US

$347 million, compared to the median of US$19 million across all such trials.(14)

Opportunity Costs—From time of program inception to primary publication, large 

multicenter HF trials commonly take several years to complete. For phase II-IV HF trials, 

the enrollment period alone is frequently >2 years and this duration has generally increased 

over time.(15) The time and resources needed for site activation in the U.S. are also 

substantial, with institutional review board (IRB) approval tending to take >3 months and 

contract completion 3-6 months at many HF sites.(16) The collective duration of trial 

activities requires substantial sustained resource allocation from sponsors, possibly limiting 

investment in additional programs and limiting the number of scientific questions that can 

simultaneously be addressed. Patients and clinicians share this opportunity cost; the slow 

pace of evidence generation delays use of therapies ultimately shown to be efficacious, while 

in other cases may prolong exposure to routinely used interventions subsequently proven 

ineffective or harmful. Furthermore, long trial duration lengthens the necessary commitment 

from enrolling sites and oftentimes participants as well. This prolonged obligation, coupled 

with limited site resources and frequent exclusions against patient co-enrollment in multiple 

trials, has the negative consequence of increased competition between trials for the already 

limited pool of potential sites and patients.

THE CASE FOR PRAGMATIC RANDOMIZED TRIALS FOR HEART FAILURE

Traditional randomized HF trials may be termed “explanatory” in their design and intent.

(17) Specifically, these programs have generally aimed to determine efficacy and safety of 

an intervention under ideal conditions, a proposition that carries the aforementioned 

challenges.(17,18) Although the need to assess treatment effects under real-world conditions 

has long been recognized, the standard approach across cardiovascular medicine has 

involved coupling a “positive” explanatory randomized trial with a large observational 

comparative effectiveness study in a more representative population. While potentially 

valuable for many purposes such as defining real-world uptake, treatment patterns, and 

possible treatment-related safety signals, these observational analyses are fundamentally 

unable to determine causality and confirm treatment effect. Despite sophisticated statistical 

methods, random treatment assignment is mandatory to eliminate inherent selection bias and 

confounding when patients and clinicians choose the therapy received. Across medicine, 

there exist several examples of discordance between results from randomized explanatory 
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trials and observational studies of the identical therapy.(19,20) Acknowledging no substitute 

for randomization, pragmatic randomized trials may be the “best of both worlds,” offering 

potential to more accurately and efficiently determine effectiveness of interventions under 

real-world “usual” conditions. Moreover, in the setting of challenges associated with the 

traditional model for HF trials, scientific and methodologic advantages can be combined 

with substantial operational benefits.

RATIONALE FOR THE TRANSFORM-HF TRIAL

Use of Loop Diuretics for Heart Failure

Since furosemide gained approval from the U.S. Food and Drug Administration (FDA) in 

1966, loop diuretics (e.g., furosemide, torsemide, bumetanide) have remained a cornerstone 

therapy for the symptomatic management of HF and treatment of congestion. Practice 

guidelines highlight diuretics as the primary medications to control fluid retention in HF, 

despite unknown effects on morbidity and mortality.(1) Specifically, the American College 

of Cardiology and American Heart Association provide a Class I indication for diuretics 

among patients who have evidence of hypervolemia, with loop diuretics the preferred agents.

(1) HF treatment guidelines have changed substantially over time in many key areas to 

acknowledge new evidence and therapies, but the recommendations for diuretics have 

remained essentially unchanged for decades.

Potential Advantages of Torsemide

Although furosemide and torsemide are both generic medications of generally comparable 

cost, approximately 90% of patients with HF who are prescribed a loop diuretic receive 

furosemide.(21) This may stem from furosemide being first to market combined with long-

time clinical experience. Nonetheless, despite dominant use of furosemide in HF care, 

accumulating data has generated the hypothesis of torsemide as the loop diuretic of choice 

(Table 1).(22) Potential advantages include a more favorable pharmacologic profile; 

compared with furosemide, torsemide is 2-4 times more potent, offers consistent 80-100% 

bioavailability irrespective of food intake, may provoke less hypokalemia, and carries a 

longer half-life and duration of effect. These collective properties suggest torsemide may be 

more effective and reliable in the routine management of congestion. Moreover, and perhaps 

less recognized, torsemide has been associated with a host of favorable effects seemingly 

independent of its diuretic effect.(21) Notably, these additional non-diuretic effects are 

consistent with the purported mechanisms by which existing guideline-directed HF therapies 

improve clinical outcomes. For example, pre-clinical and small clinical studies have 

supported the ability of torsemide to downregulate activity of the renin-angiotensin-

aldosterone system through both inhibition of aldosterone release and aldosterone 

antagonist-like blockade of the receptor.(21,23) In addition, potentially through its effect as 

a neurohormonal modulator or through other properties, a series of observational and small 

randomized experiences have consistently shown torsemide to reduce myocardial fibrosis 

and foster reverse ventricular remodeling.(24,25) Such mechanistic findings have been 

extended to possible clinical benefits for patients with HF, where observational and small 

randomized trials have suggested torsemide may reduce HF hospitalization, improve 

functional status, and improve survival, as compared with furosemide.(26-28)

Greene et al. Page 5

JACC Heart Fail. Author manuscript; available in PMC 2022 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Despite basic science, pre-clinical, observational, and small randomized studies providing a 

rationale for preferential use of torsemide, HF research contains numerous examples where 

favorable mechanistic, surrogate, and limited clinical endpoint data are followed by neutral 

or negative results in large clinical outcome trials.(29) Indeed, although a meta-analysis 

suggests torsemide may reduce all-cause mortality compared with furosemide, the pooled 

data include only 101 total death events.(30) Thus, despite the Class I indication for use of 

diuretics in HF, treatment guidelines appropriately do not provide a specific 

recommendation for routine use of any specific agent.(1) This lack of clear evidence is 

paradoxical to the near ubiquitous use of loop diuretics in routine HF care. To fill this 

knowledge gap, the TRANSFORM-HF trial was designed as a pragmatic, prospective, 

randomized, comparative-effectiveness study to definitively compare the effects of torsemide 

and furosemide on clinical outcomes for patients with HF.

DESIGN OF THE TRANSFORM-HF TRIAL

Objectives

The primary objective of the TRANSFORM-HF trial is to determine whether a torsemide 

treatment strategy is superior to a furosemide treatment strategy in increasing time to all-

cause mortality among patients hospitalized for HF and receiving standard care. Secondary 

objectives include determining whether torsemide is superior to furosemide in reducing the 

composite of all-cause mortality or all-cause readmission over 30 days and 12 months, 

reducing the total number of hospitalizations over 12 months, improving health-related 

quality of life over 12 months (as measured by the Kansas City Cardiomyopathy 

Questionnaire [KCCQ]), and improving symptoms of depression over 12 months (as 

measured by the Patient Health Questionnaire-2 [PHQ-2]).

Study Design

TRANSFORM-HF is an event-driven comparative-effectiveness trial. Given the unbiased 

nature of the all-cause mortality primary endpoint and the frequency with which loop 

diuretics are titrated in routine HF care, the trial is unblinded at both participant and 

investigator levels. Enrollment will occur entirely within the U.S. and the event-driven trial 

is projected to randomize up to 6,000 patients across approximately 50 sites. Patients 

hospitalized for HF will be randomized in a 1:1 ratio to torsemide or furosemide prior to 

hospital discharge, with continuation of therapy post-discharge (Central Illustration). Dosing 

and frequency of the randomized therapy during hospitalization and at hospital discharge 

will be at the discretion of local investigators. Dosing and frequency changes to the 

randomized therapy after hospital discharge are at the discretion of the patient’s usual 

outpatient clinicians.

TRANSFORM-HF will use a centralized follow-up procedure with no study-specific, in-

person follow-up visits. All study participants will follow up on a usual care basis with 

routine clinical providers. Study follow-up is anchored by the Duke Clinical Research 

Institute (DCRI) Call Center and all participants will have phone interviews with the Call 

Center at 30 days, 6 months, and 12 months following randomization. Those enrolled in the 

early phase of the trial will have additional phone interviews at 6-month intervals. During 
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interviews, the Call Center will collect information from participants or approved proxies 

regarding vital status, hospitalization events, KCCQ and PHQ-2 data, and adherence to the 

randomized therapy. Information gained regarding hospitalization events will be verified by 

the Call Center using hospitalization records. To confirm and supplement vital status data 

obtained by the Call Center and ensure complete capture of primary endpoint events, the 

National Death Index (NDI) will be searched at regular intervals.

Study Population

In summary, adult patients hospitalized for worsening or new-onset HF with anticipated 

long-term need for ≥1 dose of loop diuretic per day are eligible, provided they have 1) a 

recently documented ejection fraction (EF) ≤40% and/or 2) an elevated natriuretic peptide 

level during index hospitalization as measured by the local laboratory (Table 2). Thus, 

patients are eligible irrespective of EF, and HFpEF patients with EF >40% are eligible if 

they have an elevated natriuretic peptide concentration. There are no criteria regarding 

comorbidities, with the exception that patients with malignancy or non-cardiac conditions 

limiting life expectancy to <12 months and patients with end-stage renal disease requiring 

dialysis are excluded (given that loop diuretics are not routinely utilized in this patient 

population).

Statistical Considerations

The primary analysis will be based on intention-to-treat with data obtained from the DCRI 

Call Center supplemented with the NDI search results. For the primary endpoint of all-cause 

mortality, the statistical comparison of the 2 randomized arms will be a time-to-event 

analysis, and therefore be based on the time from randomization to death. The Cox 

proportional hazards regression model will be used to assess outcome differences between 

the 2 treatment arms and compute a hazard ratio and 95% confidence interval. Pre-specified 

covariates in the primary model will include randomized treatment, age, sex, EF category 

(≤40% vs. >40%), and loop diuretic treatment prior to index hospital admission. 

TRANSFORM-HF is an event-driven trial designed to continue until at least 721 deaths (i.e., 

primary endpoint events) have been observed (Figure 1). Assuming 1:1 randomization, a 

two-side Type 1 error of 0.05, and a test statistic based on the log-rank test, 721 events 

would provide 85% power to detect a 20% relative reduction in all-cause mortality 

torsemide compared with furosemide.

With regard to secondary endpoints, analyses of the composite of all-cause mortality or all-

cause hospitalization at 30 days and 12 months will be by time-to-event in a method similar 

to the primary endpoint analysis. Analyses of longitudinal KCCQ and PHQ-2 data will be 

conducted using linear mixed models. Secondary analyses will apply the worst-rank 

approach of Lachin et al to account for missing data related to deaths, and the test statistic 

will be based on a two-sample nonparametric test and the Win Ratio.(31) The total 

hospitalizations over 12 months secondary endpoint will be analyzed using Poisson 

regression and the method of Bang and Tsiatis.(32) Key supportive analyses will include 

analyses based on the subset of participants discharged alive on the assigned medication. 

Additional analyses will be presented using Bayesian statistical inference to complement the 

frequentist approach.(33)
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Trial Organization

The TRANSFORM-HF trial organization includes a (1) Steering Committee, (2) Executive 

Committee, (3) study sponsor, in this case the National Heart Lung and Blood Institute 

(NHLBI), (4) Clinical Coordinating Center, (5) Data Coordinating Center, and (6) a DSMB 

(Supplemental Figure 1). An independent Data and Safety Monitoring Board (DSMB) meets 

approximately every 6 months to monitor enrollment, patient characteristics, trial processes 

and adherence to randomized therapy, and accruing endpoint data. Because both torsemide 

and furosemide are existing therapies within current standard of care, TRANSFORM-HF 

does not include any formal safety endpoints. The DSMB will utilize the Haybittle-Peto-

type boundary using two-sided α=0.001 as a guideline for stopping the trial due to 

differences in all-cause mortality and will apply the guideline in a 2-sided symmetric 

fashion. Efficacy monitoring by the DSMB will include assessments when approximately 

50% and 75% of primary endpoint events have accrued, and a final assessment at the end of 

the trial. There will be no formal futility analysis.

Pragmatic Features of TRANSFORM-HF

Aside from addressing a key scientific question for routine HF care, TRANSFORM-HF was 

designed to overcome obstacles that have increasingly challenged HF site-based research 

and trial execution (Central Illustration). The burden of study follow-up and data capture in 

TRANSFORM-HF is shifted centrally to the DCRI Call Center, with a) no patient 

requirement for in-person study-specific follow-up visits, and b) no site requirement for 

longitudinal data entry and event reporting after index hospital discharge. Innovative 

strategies for patient engagement will be a priority throughout the trial, recognizing the 

responsibility placed with patients for receipt of the study drug. Data collection is 

streamlined to capture only what is essential, representing both less data entry for enrolling 

sites and no additional medical testing or procedures for patients beyond usual care. In 

contrast to most prior hospitalized HF trials, there is no narrow in-hospital enrollment 

window linked to the time of initial hospital presentation. Rather, patients can be enrolled at 

any point throughout the hospital stay, thus increasing the pool of eligible patients and 

allowing site staff maximal flexibility for identifying appropriate patients and completing 

randomization.

These design elements are also intended to increase enrollment among groups traditionally 

underrepresented in HF trials. Specifically, the relative lack of conventional comorbidity-

based exclusion criteria and the reduced follow-up activities is expected to yield a high 

proportion of older participants. Likewise, the lack of mandatory in-person follow-up visits 

may better allow inclusion of patients with lower socioeconomic status, limited caregiver 

support, or with employment/family responsibilities. In addition, inclusion of HFpEF is 

expected to improve participation among women. In summary, TRANSFORM-HF was 

designed to lower the traditional barriers for patient and site participation in HF trials and 

support a robust enrollment rate several fold higher than seen in prior studies (Figure 2). 

These collective strategies are intended to produce trial results widely applicable to routine 

US clinical practice at substantially lower cost and over a shorter timeline than traditional 

large HF programs.
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LIMITATIONS OF PRAGMATIC HEART FAILURE TRIALS

At the current time, pragmatic trial design may be most readily applied to comparisons of 

existing therapies in routine use and within contemporary standard of care. For those seeking 

regulatory approval and labeling, the US FDA and other agencies have historically required 

efficacy data from an explanatory trial. Although regulatory authorities may adapt over time, 

the less granular data collection within a pragmatic design may not meet current data 

standards for confirming efficacy and safety. In addition, although a pragmatic design may 

favor rapid enrollment of a heterogeneous cohort, neutral results in such populations leave 

open the possibility that interventions could show benefit in select patient subsets. Likewise, 

the less stringent approach to patient monitoring and added reliance on patient-reported data 

could accentuate factors driving pragmatic trials results toward the null. For example, study 

drug non-adherence (irrespective of patient-reported adherence), failure to comply with 

study procedures (e.g., telephone follow-up visits), and less complete endpoint capture could 

reduce study power, neutralizing the magnitude of “true” treatment effect.

CONSIDERATIONS FOR COVID-19

Although the COVID-19 pandemic poses significant challenges across the spectrum of 

ongoing clinical trials, the pragmatic design of TRANSFORM-HF may be ideally suited for 

continued operations in the current environment. Specifically, the centralized follow-up 

procedure through the DCRI Call Center without study specific in-person follow-up 

mitigates concerns for heightened risk of COVID-19 transmission with patient participation. 

Likewise, from the study coordinator and investigator perspective, the streamlined case 

report form and trial protocol may require minimal on-site time for study personnel, or 

facilitate off-site or virtual completion of study responsibilities. Some TRANSFORM-HF 

sites have already successfully transitioned to virtual patient consent and data entry, 

highlighting the feasibility of these innovative approaches for future HF trials.

Nonetheless, TRANSFORM-HF study leadership will remain attentive to potential 

consequences of the COVID-19 pandemic on trial enrollment, event rates, and operations. 

Recent analyses have suggested that the number of cardiovascular hospitalizations in US 

hospitals has fallen in some health systems during the pandemic. This observation, 

combined with site-level reductions in clinical research activities, has reduced the 

TRANSFORM-HF enrollment rate compared with earlier in the trial and may affect the rate 

of all-cause hospitalization during follow-up. In addition, the COVID-19 pandemic may 

have uncertain effects on the rate of the all-cause mortality primary endpoint. Patients with 

HF and cardiovascular disease have a high risk of mortality when infected with COVID-19, 

which could increase the observed mortality rate seen in this trial. Alternatively, the trial 

mortality rate may be expected to decrease if enrollment rate slows and the proportion of 

participants in the early post-discharge phase of follow-up falls. This early post-discharge 

“vulnerable” phase represents the highest risk period for mortality and rehospitalization, and 

a higher relative contribution of patient-years of follow-up from participants surviving 

beyond this highest risk period could decrease the overall observed mortality rate. These 

considerations notwithstanding, the event-driven nature of TRANSFORM-HF offers some 

protection against the potential impact of the pandemic on the event rate for the primary 
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endpoint. The trial will continue until the specified 721 deaths are reached. The independent 

DSMB will continue to convene as usual during the pandemic and continue to monitor 

enrollment, event rates, and all relevant trial processes.

CONCLUSIONS

The efficient execution of traditional HF trials remains hindered by slow patient enrollment, 

time-intensive protocols, extensive study-specific data collection and procedures, and high 

costs. Associated with these operational barriers are further concerns that results from these 

highly-selected trial cohorts may not be fully generalizable to real-world HF care in the U.S. 

Although such real-world evidence can be readily obtained from observational studies, 

randomization is fundamentally required to determine treatment effects. Thus, while 

randomized trials and real-world evidence have frequently been regarded as distinct entities, 

there is an increasingly apparent need to merge the rigor of randomized trials with the 

capacity for efficient generation of generalizable evidence. The TRANSFORM-HF trial was 

designed to introduce pragmatic and innovative randomized trial design to HF clinical 

research while addressing a fundamental, yet unanswered, clinical question: what is the best 

loop diuretic for routine use in HF? In this context, results of TRANSFORM-HF are 

expected to serve both as a model for future pragmatic HF trials, and directly inform routine 

clinical care and practice guidelines.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS:

• Conducting heart failure (HF) clinical trials in the United States (US) has 

become increasingly difficult, and frequently challenged by slow patient 

enrollment, highly selected patient populations, and high costs.

• Furosemide is the predominant loop diuretic used in HF care, but there is 

insufficient evidence for guidelines to recommend routine use of a specific 

loop diuretic agent.

• TRANSFORM-HF is a pragmatic, randomized, comparative effectiveness 

trial of torsemide versus furosemide among patients hospitalized for HF in the 

US.

• TRANSFORM-HF was designed to lower the traditional barriers for patient 

and site participation in HF trials, support a robust enrollment rate several 

fold higher than prior studies, and produce results generalizable to US clinical 

practice.
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Figure 1. Timeline for the TRANSFORM-HF Trial.
TRANSFORM-HF trial time lines are shown beginning from the first patient randomized. 

COVID-19, Coronavirus Disease 2019; DSMB, data safety and monitoring board.
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Figure 2. Cumulative and Monthly Randomization in the TRANSFORM-HF Trial.
Cumulative and monthly randomization in the TRANSFORM-HF trial are shown in the 

context of timing of the 1st case of COVID-19 in the United States. COVID-19, Coronavirus 

Disease 2019
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Central Illustration. Study Design and Conceptual Framework of the TRANSFORM-HF Trial.
(A) TRANSFORM-HF is a prospective, randomized, comparative effectiveness trial 

designed to definitively compare the effect of a treatment strategy of torsemide versus 

furosemide on long-term mortality. (B) TRANSFORM-HF was designed to lower the 

traditional barriers for patient and site participation in HF trials and support a robust 

enrollment rate several fold higher than seen in prior studies. These collective strategies are 

intended to produce trial results widely applicable to routine US clinical practice at 

substantially lower cost and over a shorter timeline than traditional large HF programs. BNP, 

B-type natriuretic peptide; DCRI, Duke Clinical Research Institute; KCCQ, Kansas City 

Cardiomyopathy Questionnaire; NT-proBNP, N-terminal pro-B-type natriuretic peptide; 
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Patient Health Questionnaire-2, PHQ-2. *Patients enrolled early in the trial will have 

additional phone interviews at 6-month intervals.
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Table 1.

Potential Advantages of Torsemide Over Furosemide for Treatment of Heart Failure

Pharmacologic Properties Better Suited for Managing Congestion

• More predictable and reliable diuretic effect

– Near 100% bioavailability compared to variable furosemide bioavailability (i.e., 10-100%)

– Absorption not affected by food

– 2-4 times more potent than furosemide

– May be less vulnerable to diuretic resistance

• Longer half-life (3.5 hours versus 2 hours) and duration of effect (6-16 hours versus 6-8 hours) than furosemide

• Less prone to hypokalemia

Favorable Effects on Neurohormones

• Renin-angiotensin-aldosterone system inhibition

– Decrease aldosterone secretion from adrenal cells

– Aldosterone antagonist-like blockade of aldosterone receptors

– Inhibition of downstream effects of angiotensin II

• Decreased sympathetic activation

Favorable Effects on Cardiac Remodeling

• Slows or reverses development of myocardial fibrosis

• Attenuates progressive ventricular dilation and hypertrophy

Adapted with permission from Greene SJ and Mentz RJ.(22)
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Table 2.

Eligibility Criteria for the TRANSFORM-HF Trial

Inclusion Criteria

1 Patient hospitalized (≥ 24 hours or over a change in calendar date) with worsening of chronic heart failure or new diagnosis of 
heart failure

2 Meets 1 of the following criteria:

a. Has a left ventricular EF ≤40% within 24 months prior to and including index hospitalization by any method (with 
most recent value used to determine eligibility)

b. Has an elevated natriuretic peptide level (either NT-proBNP or BNP) during index hospitalization as measured by 
local laboratory

3 Plan for a daily outpatient oral loop diuretic regimen upon hospital discharge with anticipated need for long-term loop diuretic 
use

4 ≥ 18 years of age

5 Signed informed consent

Exclusion Criteria

1 End-stage renal disease requiring dialysis

2 Inability or unwillingness to comply with the study requirements

3 History of heart transplant or actively listed for heart transplant

4 Implanted left ventricular assist device or implant anticipated <3 months

5 Pregnant or nursing women

6 Malignancy or other non-cardiac condition limiting life expectancy to <12 months

7 Known hypersensitivity to furosemide, torsemide, or related agents

BNP, B-type natriuretic peptide; EF, ejection fraction; NT-proBNP, N-terminal pro-B-type natriuretic peptide
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