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ABSTRACT
OBJECTIVES The purpose of this clinical trial was to evaluate the long-term effects of ﬂosequinan on the morbidity
and mortality of patients with severe chronic heart failure.
BACKGROUND Flosequinan was the ﬁrst oral vasodilator to be used in the clinic to augment the effects of digitalis,
diuretics, and angiotensin-converting enzyme inhibitors in heart failure. However, the drug activated neurohormonal
systems and exerted both positive inotropic and chronotropic effects, raising concerns about its safety during long-term use.
METHODS Following a run-in period designed to minimize the risk of tachycardia, we randomly assigned 2,354 patients in
New York Heart Association functional class III to IV heart failure and with an ejection fraction #35% to receive long-term
treatment with placebo or ﬂosequinan (75 or 100 mg/day) in addition to their usual therapy. The primary outcome was allcause mortality.
RESULTS The trial was terminated after a recommendation of the Data and Safety Monitoring Board, because during an
average of 10 months of follow-up, 192 patients died in the placebo group and 255 patients died in the ﬂosequinan group
(hazard ratio: 1.39, 95% conﬁdence interval: 1.15 to 1.67; p ¼ 0.0006). Flosequinan also increased the risk of disease
progression, which was paralleled by drug-related increases in heart rate and neurohormonal activation. However, during
the ﬁrst month, patients in the ﬂosequinan group were more likely to report an improvement in well-being and less likely
to experience worsening heart failure. Similarly, during the month following drug withdrawal at the end of the trial,
patients withdrawn from ﬂosequinan were more likely than those withdrawn from placebo to report symptoms of or to
require treatment for worsening heart failure.
CONCLUSIONS Although ﬂosequinan produced meaningful symptomatic beneﬁts during short- and long-term
treatment, the drug increased the risk of death in patients with severe chronic heart failure. (J Am Coll Cardiol HF
2017;5:399–407) © 2017 by the American College of Cardiology Foundation.
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ABBREVIATIONS
AND ACRONYMS
AMP = adenosine
monophosphate

GMP = guanosine

I

n 1992, ﬂosequinan was approved for the

evaluate the long-term effects of ﬂosequinan, which

treatment of chronic heart failure in

was administered in doses to minimize increases in

both the United Kingdom and the United

heart rate, on the survival of patients with chronic

States. Originally described purely as a peripheral arteriolar and venous vasodilator

heart failure.

METHODS

monophosphate

(1), this quinolone produced meaningful and

NYHA = New York Heart

sustained hemodynamic improvement in pa-

Association

tients with heart failure (2–5) that was

As originally designed, the PROFILE trial was carried

paralleled by decreases in cardiac wall stress (as

out from October 1991 through March 1994 in the

reﬂected by a reduction in circulating natriuretic

United States, Canada, and Scandinavia.

peptides

STUDY

[6–8])

and

accompanied

by

beneﬁcial

OVERSIGHT. The

Steering Committee, in

effects on both symptoms and exercise tolerance

conjunction with the sponsor, developed and amen-

(9–12). Following its commercial availability, uptake

ded the protocol, oversaw the recruitment of patients

of the drug by physicians was rapid, and treated

and the analysis of data, and provided an indepen-

patients commonly reported early and dramatic in-

dent interpretation of the results. A central commit-

creases in well-being and functional capacity. Flose-

tee blindly adjudicated the causes of death. Data

quinan was the ﬁrst oral agent to be used in the

were analyzed according to a pre-deﬁned statistical

clinic to augment the effects of digitalis, diuretics,

analysis plan, and an independent statistician veri-

and angiotensin-converting enzyme inhibitors in

ﬁed and replicated the analyses. The ﬁrst author,

chronic heart failure.

who had unrestricted access to the data, prepared the

SEE PAGE 408

drafts of the paper, which were then reviewed and
edited by all authors. The authors collectively sub-

A distinctive feature of ﬂosequinan in early clinical

mitted the paper for publication, and assume re-

studies was its predilection to increase heart rate in

sponsibility for the accuracy and completeness of the

sinus rhythm or the ventricular response in atrial

analyses (Online Appendix).

ﬁbrillation (9,12,13), and to enhance cardiac contractility (14–21). The positive inotropic and chronotropic

STUDY PATIENTS. Patients were eligible if: 1) they

effects of the drug were dose-dependent, were not

had moderate or severe symptoms of heart failure

inhibited by beta-blockers, and appeared to be related

(New York Heart Association [NYHA] functional class

to increases in intracellular calcium without changes

III or IV); 2) a left ventricular ejection fraction #35%

in cyclic adenosine monophosphate (AMP) or guano-

within 3 months; and 3) had treatment with digitalis,

sine monophosphate (GMP) (14,16,18–22). This proﬁle

diuretics, and an angiotensin-converting enzyme

distinguished the action of ﬂosequinan from that of

inhibitor for at least 2 months. During the previous

hydralazine, which exerts direct vasodilator effects

2 weeks, the doses of these 3 medications had to

and indirect positive inotropic effects through changes

remain constant, and the patients could not have

in intracellular cyclic nucleotides and activation of the

been hospitalized or received intravenous medica-

sympathetic nervous system, respectively, although it

tions for heart failure. Treatment with a beta-blocker

has little or only a modest effect on heart rate in

was allowed, but the ongoing use of other non-nitrate

patients with heart failure (19,23–27). The actions of

direct-acting vasodilators (e.g., hydralazine, calcium-

ﬂosequinan are also distinct from milrinone and other

channel blockers, pinacidil, or minoxidil) was not

type III phosphodiesterase inhibitors, which produce

permitted.

positive inotropic, chronotropic, and vasodilator ef-

Patients were excluded if they: 1) had heart failure

fects in heart failure through a cyclic AMP-dependent

due to active myocarditis, pericarditis, amyloidosis,

mechanism (19,28–32). In clinical trials in patients

hypertrophic

with chronic heart failure, hydralazine (when given in

primary valvular heart disease; 2) had myocardial

combination with isosorbide dinitrate) reduced all-

infarction or cardiac surgery within 2 months; 3) had a

cause mortality (33,34), whereas milrinone increased

history of resuscitated sudden death, sustained ven-

cardiomyopathy,

or

uncorrected

the risk of death (35). A meta-analysis of short-term,

tricular tachycardia, or ventricular ﬁbrillation (unless

placebo-controlled trials with ﬂosequinan reported a

occurring within 24 h of an acute myocardial infarc-

nonsigniﬁcant 52% increase in the risk of death (36),

tion), or received an implantable cardiac deﬁbrillator

but this estimate was based on only 45 events that

that has not discharged within the last year; 4) were

were recorded over a period of up to 16 weeks.

being considered for any cardiac surgery, including

The PROFILE (Prospective Randomized Flose-

heart transplantation; 5) had a left ventricular ejec-

quinan Longevity Evaluation) trial was carried out to

tion fraction >35% within 2 months; 6) had angina as
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a symptom-limiting exercise, had severe or frequent

taking <100 mg/day) or physicians could use any

angina, or had unstable angina or angina at rest

clinically indicated interventions, but patients were

within the last month; 7) received antiarrhythmic

not permitted to receive open-label ﬂosequinan.

drugs known to have adverse effects on heart failure
(encainide, ﬂecainide, disopyramide, propafenone)
within 2 weeks; 8) received positive inotropic agents
known to have adverse effects on the heart (betaagonists, theophylline, levodopa, amrinone, dobutamine, or dopamine) within 2 weeks; 9) had a heart
rate <50 or >110 beats/min or a systolic blood
pressure <85 mm Hg; 10) had a serum creatinine
$3.0 mg/dl, serum potassium <3.5 or >5.0 mmol/l, or
any liver function test >2 times the upper limit of
normal; 11) received any investigational drug within
30 days or participated in a previous ﬂosequinan
study; or 12) had any condition that would interfere
with the study conduct or drug absorption, or any

STUDY ENDPOINTS. The primary endpoint for the

PROFILE trial was all-cause mortality. Secondary
endpoints included: 1) death due to cardiovascular
reasons; 2) mortality due to sudden death or pump
failure; 3) occurrence of hospitalization or the use of
intravenous medications for heart failure; and 4)
symptoms and functional status of heart failure.
Pre-speciﬁed subgroup analyses included those that
were based on: 1) the underlying cause of heart
failure (ischemic vs. nonischemic); 2) ejection fraction above and below the median; 3) NYHA functional class (III vs. IV); and 4) heart rate during the
test dose period above and below the median.

illness other than heart failure than might limit life

STATISTICAL ANALYSIS. The sample size for the

expectancy within 3 years.

study was estimated based on the primary endpoint

The protocol was approved by the institutional

of all-cause mortality. The plan was to enroll 3,400

review boards of all participating institutions, and

patients based on the assumption that the 1-year

written informed consent was obtained from all

mortality in the placebo group would be 20%, and

patients.

that ﬂosequinan would alter mortality by 20%. The
trial was designed to continue until a total of 470

STUDY DESIGN. Following a screening period, pa-

deaths had been observed. A Data and Safety

tients entered an open-label test dose period lasting

Monitoring

2 to 3 weeks, during which they received ﬂosequinan,

unblinded

Board
results

periodically
and

could

reviewed

recommend

the
early

in addition to their usual medications for heart

termination of the trial if it observed a treatment

failure. The initial dose was 100 mg once daily, which

effect that exceeded pre-speciﬁed boundaries; the

(if not tolerated) could be reduced to 75 mg once

monitoring boundaries were implemented by the

daily. At the end of the test-dose period, patients

Lan-DeMets method for an O’Brien-Fleming type

were eligible for randomization if they tolerated

alpha spending function, for an overall alpha level

ﬂosequinan (75 or 100 mg) without experiencing
persistent or severe headaches, clinically signiﬁcant

of 0.05 (37,38).
Cumulative survival curves were constructed by

hypotension, an increase in heart rate >10 beats/min

Kaplan-Meier survivorship methods, and differences

above the baseline measurement, or an adherence

between the curves were tested for signiﬁcance by

rate to the study medication that was <75%. Patients
tolerating open-label ﬂosequinan were randomly
assigned (double-blind; 1:1 allocation) to receive
either oral ﬂosequinan (at a dose of 75 mg or 100 mg
once daily) or matching placebo.

the log-rank statistic, stratiﬁed by NYHA functional
class. Cox proportional hazards regression models
were used to estimate ﬂosequinan/placebo hazard
ratios and their 95% conﬁdence intervals. All survival analyses included all randomized patients, and

Patients were evaluated as an outpatient every 2 to

all events were assigned to the randomized treat-

3 months until the end of the study and were

ment group of the patients (according to the

followed continuously for the occurrence of death or

intention-to-treat principle). An adjusted p value,

worsening heart failure, regardless of whether they

which took the interim analyses into consideration,

continued to take the study medications. If adverse

was calculated for the primary endpoint; all other

events occurred, the dose of the study medication

reported between-group differences had a nominal

was reduced (from 100 to 75 mg) or discontinued, or

p < 0.05.

concomitant medications were adjusted; however,
following randomization, increases in heart rate were

RESULTS

not considered a reason for reduction of the dose or
discontinuation of the study medication. If the

In April 1993, the Data and Safety Monitoring Board

patient’s heart failure worsened, the dose of the

recommended

study medication could be increased (if patients were

patients assigned to receive 100 mg/day when the

the

termination

of

treatment

in
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Upon its completion, a total of 2,345 patients had

T A B L E 1 Baseline Clinical Characteristics

Age (yrs)
Men/women
Left ventricular ejection fraction

been randomized into the trial (1,175 to the placebo
group and 1,170 to the ﬂosequinan group). The

Placebo
(n ¼ 1,175)

Flosequinan
(n ¼ 1,170)

65.3  10.7

65.6  10.8

941/234

910/260

23  7

23  7

patients were black, and <4% were taking beta-

2 treatment groups were similar with respect to
baseline characteristics (Table 1); 6% to 8% of the

Etiology of heart failure (ischemic/nonischemic)

637/305

641/292

blockers. Of the 1,175 patients in the placebo group,

NYHA functional class (class III/IV)

1,032/143

1,025/145

937 and 238 were randomized to 100 and 75 mg/day,

Pulmonary rales (% present)

22%

20%

respectively; of the 1,170 patients in the ﬂosequinan

Peripheral edema (% present)

32%

31%

group, 964 and 206 were randomized to 100 and

Dose of study medication at randomization
(100 mg/75 mg)

937/238

964/206

75 mg/day, respectively. The mean and maximum

Systolic blood pressure (mm Hg)

118  19

118  19

durations of follow-up were 308 and 609 days,

Heart rate (beats/min)

78  12

79  12

respectively.

Weight (kg)

78  17

78  17

Serum sodium concentration (mmol/l)

138  4

138  4

4.3  0.5

4.3  0.5

MORTALITY. By the intention-to-treat, 192 patients

26  15

26  16

died in the placebo group and 255 patients died in the

1.4  0.4

1.4  0.4

ﬂosequinan group (hazard ratio: 1.39; 95% conﬁdence

Serum potassium concentration (mmol/l)
Blood urea nitrogen (mg/dl)
Serum creatinine concentration (mg/dl)
Values are mean  SD, n, or %.
NYHA ¼ New York Heart Association.

EFFECT OF FLOSEQUINAN ON MORBIDITY AND

interval: 1.15 to 1.67; p ¼ 0.0006) (Figure 1). Time-toﬁrst event plots for all-cause mortality or hospitalization for heart failure revealed an early difference in
favor of ﬂosequinan during the ﬁrst 2 months,
followed by a difference in favor of placebo thereafter

pre-speciﬁed boundary for harm had been crossed.

(Figure 2). A similar pattern was seen in time-to-event

Subsequently, in July 1993, a decision was made

plots for the use of intravenous medications for heart

to terminate the participation of patients taking

failure, with an intersection of the 2 treatment plots

75 mg/day, and the trial was closed.

and reversal of the treatment effect at 4 to 6 months.
The mode of death was cardiovascular in 400 patients

F I G U R E 1 All-Cause Mortality in the PROFILE Trial

(170 in the placebo group and 230 in the ﬂosequinan
group). Death due to pump failure occurred in 157
patients (62 in the placebo group and 95 in the
ﬂosequinan group), and sudden death occurred in
220 patients (94 in the placebo group and 126 in the
ﬂosequinan group).
Pre-speciﬁed subgroup analyses did not identify a
baseline characteristic that exerted an inﬂuence on
the magnitude or direction of the difference between
the 2 treatment groups. The hazard ratios for allcause mortality for patients randomized to 75 or
100 mg were both >1.0 (i.e., 1.15 and 1.46, respectively). Based on this subgroup ﬁnding (with a small
number of events in the 75 mg group), the investigators decided to selectively terminate the
participation of patients receiving 100 mg/day in
April 1993. Two months later, participation of the
subgroup that received 75 mg/day was terminated

Time-to-death Kaplan-Meier plots in the placebo and ﬂosequinan groups. A total of 192
patients died in the placebo group and 255 patients died in the ﬂosequinan group
(hazard ratio: 1.39; 95% conﬁdence interval: 1.15 to 1.67; p ¼ 0.0006). The number of
patients at risk at each time point can be estimated from a Data Safety Monitoring Board
report (April 1993) as follows: 1,000 in each group at 1 month; 880 patients in each

because of an increased risk of hospitalizations for
heart failure compared with those in the placebo
group.
CLINICAL EFFECT OF FLOSEQUINAN DURING INITIATION

group at 3 months; 600 patients in each group at 6 months; 450 patients in each group

AND WITHDRAWAL OF THERAPY. At the end of the ﬁrst

at 9 months; 250 patients in each group at 12 months; and 100 patients in each group at

month of randomized treatment, compared with the

15 months. PROFILE ¼ Prospective Randomized Flosequinan Longevity Evaluation.

placebo group, patients in the ﬂosequinan group were
more likely to report an improvement in well-being
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(38% vs. 15%) and less likely to report clinical deterioration (2.0% vs. 3.7%) (both nominal p < 0.05).
During this time, the ﬂosequinan group was less

F I G U R E 2 Combined Risk of All-Cause Mortality or Hospitalization for Heart Failure in

the PROFILE Trial

likely than the placebo group to require intravenous
therapy for heart failure (3.0% vs. 7.7%), an emergency room visit for heart failure (1.7% vs. 3.5%), or a
hospitalization for heart failure (3.3% vs. 7.5%)
(all nominal p < 0.05). These effects were largely
attributable

to

the

responses

seen

in

patients

randomized to 100 mg/day.
At the time of the initial Data and Safety
Monitoring Board recommendation to modify the
trial (April 1993), 797 patients in the placebo group
and 763 patients in the ﬂosequinan were alive and
taking 100 mg of the study medication. In all cases,
treatment with placebo and ﬂosequinan was stopped,
and patients were followed for the next 28 days
without knowledge of the treatment assignment. Information during this follow-up was available for 667

Hazard ratios were not calculated. The number of patients at risk at each time point can

patients withdrawn from placebo and 614 patients

be estimated from a Data Safety Monitoring Board report (April 1993) as follows: 1,000

withdrawn from ﬂosequinan. During this interval

in each group at 1 month; 880 patients in each group at 3 months; 600 patients in each

after cessation of randomized treatment, patients

group at 6 months; 450 patients in each group at 9 months; 250 patients in each group

who were withdrawn from ﬂosequinan were more
likely than those withdrawn from placebo to experi-

at 12 months; and 100 patients in each group at 15 months. PROFILE ¼ Prospective
Randomized Flosequinan Longevity Evaluation.

ence worsening heart failure (33.4% vs. 18.7%), an
emergency room visit for heart failure (8.5% vs.
3.3%), or hospitalization for heart failure (10.9% vs.
4.9%), or to receive intravenous diuretics (11.6% vs.

F I G U R E 3 Changes in Neurohormonal Variables During Treatment With

Placebo or Flosequinan

5.7%), intravenous vasodilators (2.3% vs. 1.0%), or
intravenous positive inotropic drugs (3.4% vs. 1.0%)
(all nominal p < 0.05). In contrast, the proportion of
patients who died from any cause or experienced
clinical worsening for reasons other than heart failure
was similar in the groups withdrawn from placebo or
ﬂosequinan.
ADVERSE EVENTS AND CHANGES IN PHYSIOLOGICAL
AND LABORATORY VARIABLES. The most common

adverse events during the test dose run-in period
were headache (10.3%) and dizziness (2.9%). During
the ﬁrst month after randomization, compared with
the placebo group, patients in the ﬂosequinan group
were more likely to report headache (3.6% vs. 2.8%),
palpitations (1.2% vs. 0.4%), nausea (1.5% vs. 0.8%),
diarrhea (1.0% vs. 0.5%), and taste alterations (1.0%
vs 0.6%), but they were less likely to complain about
heart failure (1.3% vs. 3.4%).
At 1 month, heart rate increased by approximately

Changes in neurohormonal variables during short- and long-term treatment with placebo

5 beats/min in the ﬂosequinan group compared with

and ﬂosequinan in a subgroup of patients randomized at centers in Canada (39) (mean 

the placebo group, and this difference persisted

SD). Number of patients contributing to the estimates is approximately 200 patients (100

during the entire follow-up period. This magnitude of
the increase in heart rate was similar at both 75 and
100 mg/day doses of the drug; there was no relationship between changes in heart rate during the test

in each group) at 1 month. The number of patients contributing to the estimates at 12
months is not known, but is <200, because repeat measurements of neurohormonal
variables at this time were obtainable only in a subgroup of survivors. ANP ¼ atrial
natriuretic peptide.
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dose run-in period or at 1 month after randomization

contractility (e.g., digoxin and hydralazine, respec-

and subsequent changes in the risk of death.

tively) do not necessarily increase mortality in

There were no differences between the 2 groups

patients with this disorder (33,34,42). However,

with respect to systolic or body weight; diastolic

ﬂosequinan increased the activation of both the

blood pressures were 1 mm Hg lower in the ﬂose-

sympathetic

quinan group (compared with the placebo group) for

angiotensin-aldosterone system (43), and in this

the ﬁrst 3 to 6 months. Compared with placebo,

trial, short- and long-term treatment with the drug

plasma levels of N-terminal proatrial natriuretic

lowered serum sodium concentration, a phenomenon

nervous

system

and

the

renin-

peptide were lower and levels of norepinephrine were

that signiﬁes the occurrence of neurohormonal acti-

higher at 1 month (both by z25%) (39); after 12

vation (44–47). Plasma norepinephrine increased

months, the between-group differences for N-termi-

during early treatment with ﬂosequinan, which pre-

nal proatrial natriuretic peptide became more

dicted an adverse outcome in our patients (39). (Our

apparent (nominal p < 0.05), but the values for

inability to demonstrate sympathetic activation at

plasma norepinephrine in the 2 groups had converged

12 months was likely related to the measurement

(Figure 3).

of norepinephrine in a subgroup of survivors [39]).

At 1 month after randomization, ﬂosequinan-

Although

activation

of

the

renin-angiotensin

treated patients had lower values for hemoglobin

system by the drug should have been attenuated by

(by 0.2 g/dl), hematocrit (by 0.1 to 1.0), serum sodium

the

(by 0.8 mmol/l), serum potassium (by 0.08 mmol/l),

enzyme inhibitors, aldosterone might escape during

serum bilirubin (by 0.1 mg/dl), and alkaline phos-

long-term efforts to suppress angiotensin II (48).

phatase (by 10 U/l), and had increased values for

Therefore, the decrease in serum potassium seen

serum cholesterol (by 10 mg/dl), serum creatinine (by

during the ﬁrst month of treatment with ﬂosequinan

0.15 mg/dl), and platelet counts (by 20,000/ml) (all

might reﬂect increases in both catecholamines and

nominal p < 0.05). The decrease in serum potassium

aldosterone (45,49,50). Unfortunately, we did not

in the ﬂosequinan group was no longer apparent after

interfere with the deleterious effects of these neuro-

1 month; in contrast, changes in all other values

hormonal systems, because the trial was carried out

generally persisted for the duration of laboratory

before the widespread adoption of both beta-blockers

follow-up (i.e., 12 months).

and mineralocorticoid receptor antagonists for the

concomitant

use

of

angiotensin-converting

treatment of chronic heart failure.

DISCUSSION

Flosequinan increases heart rate by an effect that is
not related to sympathetic activation (20,39,51).

The PROFILE trial demonstrated that long-term

Changes in heart rate have important prognostic

treatment with ﬂosequinan increased the risk of

signiﬁcance in patients with heart failure (52-54);

death in patients with severe chronic heart failure

drug-induced differences in heart rate have been

who

were

receiving

angiotensin-converting

digitalis,
enzyme

diuretics,

and

accompanied by differences in survival (54,55); and

inhibitors.

This

drugs that act directly to decrease heart rate (i.e.,

detrimental effect appeared to be related to both the

ivabradine)

dose of the drug and the duration of treatment. Flo-

morbidity and mortality of patients with this disorder

sequinan increased the risk of both pump failure

(56). Concerns about the positive chronotropic effects

deaths and sudden deaths, which were the 2 primary

of the drug were present throughout the development

can

have

favorable

effects

on

the

modes of death in patients with chronic heart failure.

of ﬂosequinan (4,9,13), and the importance of

The magnitude of the adverse effect was larger than

changes

in other multicenter trials that were speciﬁcally

investigators in the design of the PROFILE trial;

in

heart

rate

was

recognized

by

the

designed to evaluate mortality and that reported a

patients in whom ﬂosequinan increased heart rate by

deleterious effect of a drug on survival based on a

>10 beats/min during a run-in period were not

meaningful number of events (35,40,41). As a result

enrolled. Despite the effort to minimize tachycardia,

of these ﬁndings, ﬂosequinan was withdrawn from

heart rate still increased in the ﬂosequinan group by

the U.S. market in July 1993.

5 beats/min. The magnitude of this chronotropic

The mechanisms by which ﬂosequinan increased

effect is important, but we found no relationship

the risk of death could not be elucidated by the

between changes in heart rate and the effects of

results of the trial. As in the case of other drugs that

ﬂosequinan on survival. Furthermore, lower doses of

adversely affected survival in heart failure (35,40,41),

ﬂosequinan (75 mg/day) were associated with smaller

this quinolone had positive inotropic effects, but

increases in the risk of death but not a lower likeli-

agents that directly or indirectly enhance cardiac

hood of tachycardia.
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The present study conﬁrmed the ﬁndings of

or in the present trial (12,33,55), possibly (in part)

previous placebo-controlled trials that showed that

because these drugs have positive inotropic effects or

ﬂosequinan produces immediate and meaningful

activate neurohormonal systems (15,19,43). In addi-

symptomatic beneﬁts in patients with chronic heart

tion, several interventions that reduce cardiac wall

failure (9,12). Within 4 weeks of starting treatment,

stress (as reﬂected in a long-term decrease in circu-

the drug not only improved patient well-being, but

lating natriuretic peptides) have been reported to

also reduced the risk of worsening heart failure. This

have favorable effects on survival in heart failure

pattern of response distinguished ﬂosequinan from

(54,68,69), but ﬂosequinan reduced blood levels of

other agents used for the management of chronic

natriuretic peptides in the present study and in pre-

heart failure (57). Treatments that modulate neuro-

vious trials (6–8), but it also increased the risk of

hormonal

(angiotensin-converting

death. This ﬁnding indicated that changes in natri-

enzyme inhibitors, beta-blockers, and angiotensin

uretic peptides cannot be used as a surrogate

receptor

endpoint for the effect of drugs on long-term

mechanisms
neprilysin

inhibitors)

may

exert

rapid

effects on morbidity and mortality (58–60), but

morbidity

symptomatic beneﬁts emerge slowly over a period of

Finally, in the PROFILE trial, treatment with ﬂose-

3 months (61–63). In contrast, early during the

quinan was associated with changes in numerous

course of treatment, positive inotropic drugs may

laboratory variables in a manner consistent with

improve symptoms and exercise tolerance, but they

earlier controlled clinical trials, as reﬂected in the

can increase the risk of clinical deterioration (31,37).

1993

In the PROFILE trial, the early symptomatic beneﬁts

labeling for the drug (36).

of ﬂosequinan were sustained after long-term treatment; withdrawal of the drug led to worsening of
symptoms and an increased need for hospitalization

and

Food

and

mortality

Drug

in

heart

failure

Administration

(70).

approved

CONCLUSIONS

and intravenous treatments for heart failure. These

In demonstrating an adverse effect of ﬂosequinan

episodes were sufﬁciently severe that some patients

on the survival of patients with heart failure, the

requested and received treatment with ﬂosequinan

present trial both undermines and reinforces several

after completion of the trial, despite knowing that

prevailing concepts in the development of new

the drug increased the risk of death (64). Of note,

therapeutic agents for this disorder. Our ﬁndings

the withdrawal of other positive inotropic agents led

indicated that short- to intermediate-term effects of

to worsening heart failure in some (but not all)

drugs (on clinical or surrogate endpoints) cannot be

studies (32,40,42,65,66). Yet, the occurrence of

used to predict the long-term response to treat-

clinical deterioration following the withdrawal of

ment. Furthermore, the effects of ﬂosequinan in the

treatment does not reliably inform the nature of the

trial underscore the importance of changes in heart

long-term effects of treatment on morbidity and

rate in the progression of heart failure, but weaken

mortality. Speciﬁcally, as in the PROFILE trial,

the signiﬁcance of changes in natriuretic peptides as

worsening of heart failure following drug withdrawal

a reliable biomarker for changes in morbidity and

did not imply a favorable long-term effect of

mortality.

treatment (34); conversely, the absence of clinical

about the long-term risks of drugs that increase

deterioration upon discontinuation of treatment

cardiac contractility (even through mechanisms that

does not imply a neutral effect on morbidity and

do not increase cyclic AMP), at least with respect to

mortality (40,66).

agents

The effects of ﬂosequinan on physiological and

Our

that

observations

exert

both

heighten

positive

concerns

inotropic

and

chronotropic effects. Finally, our results raise the

laboratory values also distinguished the drug from

possibility

other agents used in the treatment of chronic heart

activation and the tachycardia produced by drugs

that

inhibiting

the

neurohormonal

failure. Drugs that cause systemic vasodilation by

like ﬂosequinan (with beta-blockers, mineralocorti-

neurohormonal modulation (prazosin, carvedilol,

coid receptor antagonists, and ivabradine) might

angiotensin-converting

potentiate their usefulness while mitigating their

enzyme

inhibitor,

angio-

tensin receptor neprilysin inhibitors) are associated

risks.

with meaningful decreases in systolic blood pressure
(33,55,62,67). In contrast, direct-acting vasodilators
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