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Over	the	last	year	cardiologists	have	been	spoilt	by	a	series	of	good	new	stories	in	heart	failure	

(HF).	 	The	 jewels	 in	 the	crown	of	 this	bumper	year	of	 triumphs	have	been	the	DAPA-HF	trial1	

and	EMPEROR-REDUCED2.		In	patients	with	HF	and	reduced	ejection	fraction	(HFrEF),	the	SGLT2	

inhibitors	 dapaglifozin	 and	 empagliflozin	 reduce	 hospitalisation	 for	 HF	 and	 cardiovascular	

death,	 improve	quality	of	 life	and	have	beneficial	 renal	effects3.	 	Clinicians	have	added	 these	

drugs	to	their	HF	armamentariums	and	guideline	writers	are	contemplating	where	they	may	fit	

into	 their	 colourful	 diagrams	 and	 algorithms.	 	 These	 “diabetic	 drugs”	 are	 now	 recognised	 as	

effective	HF	therapies	in	patients	with	and	without	diabetes4.	

While	these	large,	pivotal	randomised	controlled	trials	were	marching	towards	their	successful	

conclusions,	smaller	trials	using	the	same	drugs	in	the	same	condition	were	investigating	their	

effects	on	“softer”,	 less	robust	end	points.	 	 In	this	issue	of	the	European	Heart	Journal	two	of	

these	 smaller	 trials,	 the	 EMPERIAL	 trials,	 are	 published:	 	 EMPERIAL-REDUCED	 (n=312)	 and	

EMPERIAL-PRESERVED	(n=	315)	investigating	empagliflozin	in	HFrEF	and	HFpEF,	respectively.		In	

stark	 contrast	 to	 the	 positive	 EMPEROR-REDUCED2,	 EMPERIAL-REDUCED	 and	 EMPERIAL-

PRESERVED	were	neutral	trials.		Empagliflozin	did	not	increase	the	primary	endpoint	of	change	



in	 6-minute	walk	 distance	 compared	 to	 placebo.	 	 	 These	 results	 demand	 that	 the	 cardiology	

world	stop	and	think	about	 the	many	 implications	of	 investigating	new	therapies	 in	 relatively	

small	trials.		The	implications	extend	far	beyond	the	topic	of	SGLT2	inhibitors	in	HF.			

The	 first	 major	 point	 to	 emphasise	 is	 that	 these	 small,	 neutral	 trials	 do	 not	 mean	 that	

empagliflozin	 lacks	 efficacy	 in	 HF.	 	 In	 HFrEF	 we	 were	 fortunate	 to	 see	 the	 large	 successful	

pivotal	trial	report	before	these	small	trials	emerged2.		In	HFpEF	we	must	wait	until	2021	to	see	

the	 results	 of	 the	pivotal	 trial	 of	 empagliflozin	 (EMPEROR-PRESERVED	NCT03057951).	 	 In	 the	

meantime,	we	must	be	careful	not	to	conclude	that	empagliflozin	is	ineffective	in	HFpEF	based	

on	EMPERIAL-PRESERVED.			

The	 second	major	 point	 that	 we	must	 consider	 is	 the	 potential	 consequence	 of	 judging	 the	

effectiveness	of	novel	therapies	by	small	trials	with	uncertain	endpoints,	such	as	6-minute	walk	

distance.		If	the	EMPERIAL	trials	were	the	only	trials	to	test	the	efficacy	of	these	drugs,	SGLT2	

inhibitors	might	have	been	abandoned	as	therapies	for	HF.		Their	major	benefits	in	HFrEF	might	

never	have	been	discovered.		So	what	is	the	answer?		One	potential	answer	is	to	champion	the	

use	 of	 large	 RCTs	 using	 robust	 endpoints	 to	 test	 new	 therapies.	 	 An	 example	 of	 a	 pivotal	

randomised	 controlled	 trial	 that	 was	 conducted	 without	 a	 prior	 small	 trial	 is	 PARADIGM-HF	

(which	 demonstrated	 that	 sacubitril/valsartan	was	 superior	 to	 enalapril	 in	 HFrEF)5.	 	 There	 is	

however	widespread	 recognition	 that	 large	 trials	 can	 be	 prohibitively	 expensive.	 	 To	 combat	

high	costs	many	researchers	are	now	focusing	their	efforts	on	designing	large	trials	which	are	

streamlined	or	“lean”.		Trials	are	being	conducted	capturing	endpoints	by	using	administrative	

data	with	patients’	visits	 to	site	being	minimised.	 	Some	trials	are	even	using	smartphones	to	

capture	outcome	data.		These	more	efficient	trials	can	result	in	a	dramatically	reduced	budget.	

Ensuring	safety	as	well	as	efficacy	is	a	challenge	for	these	trials.	 	Another	simple	conclusion	is	

that	 funders	 of	 cardiovascular	 research	 should	 prioritise	 large,	 clinical	 trials	 that	 definitively	

investigate	the	effectiveness	of	new	therapies.			

Small	trials	can	be	valuable.		The	potential	efficacy	of	a	therapy	can	be	assessed	if	careful	trial	

designs	are	used.		The	best	examples	of	small	trials	that	are	worthwhile	are	“proof	of	concept”	

trials.		If	a	therapy	aims	to	improve	cardiac	structure	or	a	specific	biomarker,	a	simple	trial	can	



be	 designed	 with	 the	 target	 in	 question	 as	 a	 primary	 endpoint.	 	 	 	 A	 recent	 example	 is	 the	

COSMIC	 trial	 that	 enrolled	 299	 patients	 with	 HFrEF	 to	 investigate	 the	 effects	 of	 omecamtiv	

mecarbil6.	 	 The	 primary	 endpoint	 was	 plasma	 concentrations	 of	 the	 drug	 while	 secondary	

endpoints	included	change	in	systolic	ejection	time,	stroke	volume,	left	ventricular	end-systolic	

and	 end-diastolic	 diameters,	 heart	 rate,	 and	 concentration	 of	 NT-proBNP.	 	 Results	 were	

sufficiently	 encouraging	 to	 lead	 on	 to	 the	 positive	 pivotal	 randomised	 controlled	 trial,	

GALACTIC-HF	 (n=8256)7.	 	 Other	 examples	 of	 worthwhile	 small	 trials	 are	 those	 investigating	

modifiable,	clinically	meaningful	endpoints	that	predict	future	clinical	events.		In	HFrEF	quality	

of	 life	 measured	 by	 Kansas	 City	 Cardiomyopathy	 Questionnaire	 (KCCQ)	 has	 proven	 to	 be	 a	

useful	 endpoint.	 	 An	 exemplar	 trial	 with	 SGLT2	 inhibitors	 in	 HFrEF	 that	 used	 KCCQ	 as	 an	

endpoint	 is	 DEFINE-HF8.	 	 263	 patients	 with	 HFrEF	 were	 randomised	 to	 dapagliflozin	 versus	

placebo	 for	12	weeks.	 	Dual	primary	outcomes	were	 (1)	mean	NT-proBNP	 (N-terminal	pro	b-

type	natriuretic	 peptide)	 and	 (2)	 proportion	of	 patients	with	 ≥5-point	 increase	 in	 KCCQ,	 or	 a	

≥20%	 decrease	 in	 NT-proBNP.	 	 Dapagliflozin	 did	 not	 reduce	 NT-BNP	 at	 12	 weeks	 but	 did	

improve	both	KCCQ	and	≥20%	decrease	in	NT-proBNP.	

The	EMPERIAL	trials	used	6-minute	walk	distance	as	their	primary	endpoint.		The	6-minute	walk	

test	 was	 first	 used	 in	 respiratory	medicine	 and	 has	 been	 a	 prominent	 choice	 of	 endpoint	 in	

conditions	such	as	pulmonary	hypertension	and	emphysema9.		6-minute	walk	tests	have	been	

used	in	HF	clinical	trials	but	usually	as	an	exploratory	outcome	and	not	as	a	primary	endpoint.		

Some	 HF	 therapies	 (for	 example	 CRT10	 and	 beta	 blockers11)	 have	 improved	 6-minute	 walk	

distance.		A	correlation	between	6-minute	walk	distance	and	clinical	events	has	been	reported	

in	older	analyses	of	clinical	trials	in	HF12	but	recent	analyses	in	populations	receiving	modern	HF	

therapy	have	not	been	performed.		The	choice	of	6-minute	walk	distance	in	the	EMPERIAL	trials	

is,	in	retrospect,	likely	to	be	the	reason	for	these	neutral	trials	of	an	efficacious	drug.		There	are	

two	perspectives	which	we	should	consider	when	considering	the	choice	of	6-minute	walk	as	a	

primary	endpoint:		the	patients’	and	the	clinical	triallists’.		From	a	patient’s	perspective	walking	

a	 greater	 distance	 over	 6	 minutes	 is	 attractive	 but	 is	 likely	 to	 rank	 behind	 improvement	 in	

quality	of	 life	or	 length	of	 life.	 	 	 6-minute	walk	distance	does	not	appear	 to	be	 the	optimum	

“patient-centred”	outcome.		From	a	triallists’	perspective	6-minute	distance	can	be	affected	by	



many	 heart	 failure-related	 comorbidities	 such	 as	 arthritis,	 previous	 stroke,	 obesity	 and	 lung	

disease	and	 is	 therefore	not	an	optimal	measure	of	 improvement	 in	patients’	HF	status.	 	The	

impact	 of	 these	 comorbidites	may	 be	 even	more	 relevant	 in	HFpEF	where	 comorbidities	 are	

more	 prevalent	 and	 more	 severe.	 	 The	 6-minute	 walk	 test	 brings	 challenges	 as	 it	 must	 be	

performed	 in	 a	 high-quality	 manner	 with	 efforts	 directed	 towards	 attempting	 to	 ensure	

accuracy	and	reproducibility.		No	HF	therapy	has	gained	a	firm	recommendation	in	international	

guidelines	 through	 its	 effects	 on	 6-minute	 walk	 distance.	 	 In	 the	 future	 very	 careful	

consideration	should	be	given	to	the	use	of	6-minute	walk	distance	as	a	primary	endpoint	in	HF	

trials.		

Despite	 the	 neutral	 primary	 endpoints	 of	 the	 EMPERIAL	 trials	 there	 were	 some	 hints	 that	

empagliflozin	 might	 confer	 some	 benefit.	 	 In	 EMPERIAL-REDUCED,	 empagliflozin	 did	 not	

improve	 the	 secondary	 endpoint	 of	 KCCQ	 but	 the	 exploratory	 responder	 analysis	 of	 KCCQ	

hinted	that	there	may	be	some	benefit.		KCCQ	has	proven	to	be	a	more	reliable	endpoint	than	

6-minute	walk	distance13.	 	Of	 course,	we	now	know	 that	quality	of	 life	measured	by	KCCQ	 is	

improved	 by	 empagliflozin	 in	 HFrEF	 as	 this	 was	 a	 key	 secondary	 endpoint	 in	 the	 pivotal	

EMPEROR-REDUCED2.	 	That	 this	 is	a	class	effect	 in	HFrEF	 is	 suggested	by	 	an	 improvement	 in	

KCCQ	in	Dapa-HF1.		Further	hints	at	a	possible	beneficial	effect	of	empagliflozin	in	DETERMINE-

REDUCED	 were	 a	 decreased	 congestion	 score	 and	 differential	 diuretic	 use	 (fewer	 patients	

received	 intensification	 in	diuretic	 therapy).	 	 	 In	 EMPERIAL-PRESERVED	 there	were	no	 similar	

hints	of	a	benefit	of	empagliflozin	in	HFpEF;	there	was	no	suggestion	of	improvement	in	any	of	

the	 outcomes	 investigated.	 KCCQ	 data	 from	 EMPEROR-PRESERVED	 (NCT03057951)	 and	

DELIVER	(NCT03619213)	will	soon	provide	robust	data	about	the	effects	of	SGLT2	inhibitors	in	

HFpEF.	 	 In	both	of	the	EMPERIAL	trials	there	was	no	change	in	NT-BNP	but	again	these	short-

term	results	have	been	trumped	in	HFrEF	by	the	reduction	in	NT-BNP	in	EMPEROR-REDUCED2	

and	 will	 be	 trumped	 in	 HFpEF	 by	 the	 results	 of	 the	 pivotal	 randomised	 trial	 (EMPEROR-

PRESERVED	NCT03057951).	

Two	small	trials	of	dapagliflozin	in	HF	are	yet	to	report:	DETERMINE-REDUCED	(NCT03877237;	

n=313)	 and	 DETERMINE-PRESERVED	 (NCT03877224;	 n=504).	 	 These	 trials	 are	 similar	 to	 the	



EMPERIAL	trials	in	terms	of	patient	populations,	but	the	primary	endpoints	of	these	trials	differ.		

The	DETERMINE	both	have	co-primary	endpoints	of	quality	of	life	measured	by	the	KCCQ	and	6-

minute	walk	distance.		These	trials	will	report	in	2021	and	may	shed	further	light	on	the	effects	

of	 SGLT2	 inhibitors	 in	 HFrEF	 and	HFpEF.	 	 To	 some	 extent	 these	 trials	 seem	 at	 least	 partially	

redundant	 now	 that	 the	 large	 pivotal	 trial	 of	 dapagliflozin	 in	 HFrEF	 has	 reported2	 and	 the	

equivalent	trial	in	HFpEF	is	due	to	report	within	the	year	(DELIVER	-	NCT03619213).			

Readers	of	the	European	Heart	Journal	will	now	be	aware	that	SGLT2	inhibitors	are	no	longer	

viewed	as	“diabetes	drugs”.		Their	efficacy	in	HFrEF	and	chronic	kidney	disease	in	patients	with	

and	without	diabetes	is	now	well	established121415.		Ongoing	trials	in	hospitalised	HF	and	post-

MI	will	further	expand	the	use	of	the	drugs	in	general	cardiology	populations	with	and	without	

diabetes.	 	 The	 EMPERIAL	 trials	 followed	 the	 design	 of	 all	 of	 the	 trials	 conducted	 in	 HF	 by	

recruiting	patients	regardless	of	their	diabetes	status.	

The	 EMPERIAL	 trials	 have	 taught	 us	 a	 lot.	 	 Firstly,	 major	 thought	 should	 be	 given	 before	 6-

minute	walk	testing	is	again	selected	as	a	primary	endpoint	in	HF	trials.	 	Secondly,	benefits	of	

novel	therapies	can	be	missed	 if	 large	clinical	trials	are	not	conducted.	 	Demonstration	of	the	

efficacy	 and	 safety	 of	 empagliflozin	 and	 dapagliflozin	 in	 HFrEF	 have	 been	 established	 by	

EMPEROR-REDUCED2	 and	 Dapa-HF1	 and	whether	 or	 not	 they	 are	 beneficial	 in	 HFpEF	will	 be	

established	by	EMPEROR-PRESERVED	(NCT03057951)	and	DELIVER	(NCT03619213).	

	

	

Acknowledgements	

Mark	C	Petrie	is	supported	by	a	British	Heart	Foundation	Research	Grant	RE/18/6/34217		

	

	

	



	

	

	

	

	

References	

	

1.	 McMurray,	J.	J.	V	et	al.	Dapagliflozin	in	Patients	with	Heart	Failure	and	Reduced	Ejection	
Fraction.	N.	Engl.	J.	Med.	(2019).	doi:10.1056/NEJMoa1911303	

2.	 Packer,	M.	et	al.	Cardiovascular	and	Renal	Outcomes	with	Empagliflozin	in	Heart	Failure.	
N.	Engl.	J.	Med.	383,	1413–1424	(2020).	

3.	 Zannad,	F.	et	al.	SGLT2	inhibitors	in	patients	with	heart	failure	with	reduced	ejection	
fraction:	a	meta-analysis	of	the	EMPEROR-Reduced	and	DAPA-HF	trials.	Lancet	(London,	
England)	396,	819–829	(2020).	

4.	 Petrie,	M.	C.	et	al.	Effect	of	Dapagliflozin	on	Worsening	Heart	Failure	and	Cardiovascular	
Death	in	Patients	With	Heart	Failure	With	and	Without	Diabetes.	JAMA	323,	1353–1368	
(2020).	

5.	 McMurray,	J.	J.	V	et	al.	Angiotensin-neprilysin	inhibition	versus	enalapril	in	heart	failure.	
N.	Engl.	J.	Med.	371,	993–1004	(2014).	

6.	 Teerlink,	J.	R.	et	al.	Chronic	Oral	Study	of	Myosin	Activation	to	Increase	Contractility	in	
Heart	Failure	(COSMIC-HF):	a	phase	2,	pharmacokinetic,	randomised,	placebo-controlled	
trial.	Lancet	(London,	England)	388,	2895–2903	(2016).	

7.	 Teerlink,	J.	R.	et	al.	Omecamtiv	Mecarbil	in	Chronic	Heart	Failure	with	Reduced	Ejection	
Fraction,	GALACTIC-HF:	Baseline	Characteristics	and	Comparison	with	Contemporary	
Clinical	Trials.	Eur.	J.	Heart	Fail.	(2020).	doi:10.1002/ejhf.2015	

8.	 Nassif,	M.	E.	et	al.	Dapagliflozin	Effects	on	Biomarkers,	Symptoms,	and	Functional	Status	
in	Patients	With	Heart	Failure	With	Reduced	Ejection	Fraction:	The	DEFINE-HF	Trial.	
Circulation	140,	1463–1476	(2019).	

9.	 ATS	Committee	on	Proficiency	Standards	for	Clinical	Pulmonary	Function	Laboratories.	
ATS	statement:	guidelines	for	the	six-minute	walk	test.	Am.	J.	Respir.	Crit.	Care	Med.	166,	
111–7	(2002).	

10.	 Abraham,	W.	T.	et	al.	Cardiac	resynchronization	in	chronic	heart	failure.	N.	Engl.	J.	Med.	
346,	1845–53	(2002).	

11.	 Krum,	H.	et	al.	Double-blind,	placebo-controlled	study	of	the	long-term	efficacy	of	



carvedilol	in	patients	with	severe	chronic	heart	failure.	Circulation	92,	1499–506	(1995).	

12.	 Lucas,	C.	et	al.	The	6-min	walk	and	peak	oxygen	consumption	in	advanced	heart	failure:	
aerobic	capacity	and	survival.	Am.	Heart	J.	138,	618–24	(1999).	

13.	 Joseph,	S.	M.	et	al.	Comparable	performance	of	the	Kansas	City	Cardiomyopathy	
Questionnaire	in	patients	with	heart	failure	with	preserved	and	reduced	ejection	
fraction.	Circ.	Heart	Fail.	6,	1139–46	(2013).	

14.	 Heerspink,	H.	J.	L.	et	al.	Dapagliflozin	in	Patients	with	Chronic	Kidney	Disease.	N.	Engl.	J.	
Med.	383,	1436–1446	(2020).	

15.	 Perkovic,	V.	et	al.	Canagliflozin	and	Renal	Outcomes	in	Type	2	Diabetes	and	
Nephropathy.	N.	Engl.	J.	Med.	380,	2295–2306	(2019).	

	


	Enlighten Accepted coversheet
	227984

