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A B S T R A C T  

Pa tients with coro nary artery dis ease re main at in creased risk of re cur rent life - threatening car dio vas cu lar 
events even af ter ad e quate guide line - based treat ment of con ven tional risk fac tors, in clud ing blood lipid lev els. 
In flam ma tion is a crit i cal path way in the patho gen e sis of ath er o scle ro sis and is in de pen dently as so ci ated with 
risk of re cur rent car dio vas cu lar events. Leukotrienes are po tent pro - inflammatory and va soac tive me di a tors 
syn the sized by leuko cytes in ath er o scle rotic le sions. AZD5718 is a novel an tag o nist of 5 - lipoxygenase ac ti vat - 
ing pro tein that sup presses leukotriene biosyn the sis. 

FLAVOUR is a phase IIa ef fi cacy and safety study of AZD5718 in pa tients with my ocar dial in farc tion 1 – 4 
weeks be fore ran dom iza tion. Steno sis of the left an te rior de scend ing coro nary artery af ter per cu ta neous in ter - 
ven tion must be <50%, and Throm bol y sis In My ocar dial In farc tion flow grade must be  ≥  2. En rolled par tic i - 
pants re ceive stan dard care plus oral AZD5718 200  mg, 50  mg, or placebo once daily for up to 12 weeks (ex - 
tended from 4 weeks by pro to col amend ment). The planned sam ple size is 100 par tic i pants ran dom ized to 12 
weeks’ treat ment. Change in urine leukotriene E 4 lev els is the pri mary ef fi cacy out come. FLAVOUR also aims 
to eval u ate whether AZD5718 can im prove coro nary mi crovas cu lar func tion, as mea sured by transtho racic 
colour Doppler - assisted coro nary flow ve loc ity re serve. Cen trally pre trained study sono g ra phers use stan dard - 
ized pro to cols and equip ment. Ad di tional out comes in clude as sess ment of com pre hen sive echocar dio graphic 
pa ra me ters (in clud ing coro nary flow, global strain, early di as tolic strain rate and left ven tric u lar ejec tion frac - 
tion), ar te r ial stiff ness, bio mark ers, health - related qual ity of life, and safety. 

Spe cific anti - inflammatory ther a pies may rep re sent novel promis ing treat ments to re duce resid ual risk in 
pa tients with coro nary artery dis ease. By com bin ing pri mary phar ma co dy namic and sec ondary car dio vas cu lar 
sur ro gate ef fi cacy out comes, FLAVOUR aims to in ves ti gate the mech a nis tic ba sis and po ten tial ben e fits of 
AZD5718 treat ment in pa tients with coro nary artery dis ease. 
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1 . Introduction 

In flam ma tion plays a causative role in dri ving the pro gres sion of 
ath er o scle ro sis, in de pen dent of blood lipid lev els [ 1 ]. Sur vivors of 
acute coro nary syn drome re main at risk of re cur rent car dio vas cu lar 
events, and hu moral and cel lu lar bio mark ers of in flam ma tion pre dict 
my ocar dial in farc tion and car diac death in this pop u la tion [ 2 ]. De - 
spite the ef fec tive ness of stan dard sec ondary pre ven tion mea sures, in - 
clud ing an tiplatelet ther apy, treat ment of hy per ten sion, hy per gly - 
caemia and hy per c ho les tero laemia, and mod i fi ca tion of lifestyle risk 
fac tors [ 3 ], car dio vas cu lar dis ease re mains the lead ing cause of death 
world wide [ 4 , 5 ]. 

Anti - inflammatory ther a pies may re duce the resid ual risk of re cur - 
rent car dio vas cu lar events in pa tients with pre vi ous my ocar dial in - 
farc tion, in de pen dent of the risk re duc tion achieved by low er ing low - 
density lipopro tein cho les terol lev els with statins or other ther a pies 
[ 6 ]. Re sults from re cent phase 3 car dio vas cu lar out come tri als of 
canakinumab [ 7 ] colchicine [ 8 ] and methotrex ate [ 9 ] in pa tients with 
my ocar dial in farc tion sug gest that anti - inflammatory ther a pies should 
tar get sig nalling path ways that are mech a nis ti cally in volved in ath er - 
o scle ro sis [ 10 ]. Cur rent ev i dence high lights the cen tral in ter leukin - 1β, 
in ter leukin - 6, and C - reactive pro tein path way, but many other in flam - 
ma tory mech a nisms in flu ence the de vel op ment of both large - vessel 
oc clu sive dis ease and coro nary mi crovas cu lar dys func tion as so ci ated 
with ath er o scle ro sis [ 11 ]. 

Leukotrienes are po tent pro - inflammatory and vaso con stric tive 
lipid me di a tors that are pro duced in ath er o scle rotic le sions and is - 
chaemic tis sue, and are im pli cated in the patho gen e sis of ath er o scle - 
rotic car dio vas cu lar dis ease [ 12 ]. Leuko cytes ini ti ate leukotriene 
biosyn the sis by con vert ing arachi donic acid to leukotriene A 4 via 5 - 
lipoxygenase in con junc tion with 5 - lipoxygenase ac ti vat ing pro tein 
(FLAP) ( Fig. 1 a) [ 13 ]. Leukotriene A 4 is the pre cur sor for syn the sis of 
leukotriene B 4 and the cys teinyl leukotrienes (C 4 , D 4 and E 4 ) by leuko - 
cytes and neigh bour ing cells. Leukotriene B 4 stim u lates leuko cyte re - 
cruit ment and ac ti va tion in coro nary blood ves sels, with in volve ment 
in both ath er o scle rotic plaque ini ti a tion and rup ture [ 14 ]. Leukotriene 
B 4 and the cys teinyl leukotrienes pro mote vaso con stric tion, ves sel per - 

me abil ity, and smooth mus cle cell pro lif er a tion in the coro nary mi - 
crovas cu la ture, lead ing to en dothe lial dys func tion ( Fig. 1 b) [ 14 ]. 

Ev i dence sug gests that in hibit ing leukotriene biosyn the sis may 
have ben e fi cial ef fects in pa tients with coro nary artery dis ease [ 15 ]. 
Sin gle - nucleotide poly mor phisms in ALOX5AP (en cod ing FLAP) were 
sig nif i cantly as so ci ated with in creased risks of spon ta neous my ocar - 
dial in farc tion and a com pos ite of spon ta neous my ocar dial in farc tion, 
stroke or car dio vas cu lar death in a ge netic sub - study in pa tients with 
acute coro nary syn drome in the Platelet In hi bi tion and Pa tient Out - 
comes (PLATO) trial [ 16 ]. The 5 - lipoxygenase in hibitor atreleu ton 
(VIA - 2291) slowed ath er o scle rotic plaque pro gres sion, pre vented for - 
ma tion of new le sions, and im proved left ven tric u lar ejec tion frac tion 
in pa tients with re cent acute coro nary syn drome in a ran dom ized, 
dou ble - blind, placebo - controlled, phase II trial [ 17 , 18 ]. An other 5 - 
lipoxygenase in hibitor, zileu ton, is ap proved for treat ment of pa tients 
with asthma [ 19 , 20 ]. Zileu ton im proved en dothe lial func tion in 10 
pa tients un der go ing coro nary an giog ra phy who had high - risk hap lo - 
types of ALOX5AP and LTA4H (en cod ing leukotriene A 4 hy dro lase) 
[ 21 ]. No in hibitor of leukotriene biosyn the sis has yet pro gressed be - 
yond phase II clin i cal tri als in pa tients with car dio vas cu lar dis ease, 
how ever, and he pa to tox i c ity may limit de vel op ment of 5 - lipoxygenase 
in hibitors [ 15 ]. 

AZD5718 is a novel FLAP an tag o nist that acts at the first step of 
biosyn the sis to block pro duc tion of all leukotrienes ( Fig. 1 a), with a 
half - maximal in hibitory con cen tra tion of 39  nM for ex vivo 
leukotriene B 4 pro duc tion in whole hu man blood [ 22 ]. Mul ti ple oral 
doses of AZD5718 60 – 600  mg were well tol er ated, and po tently re - 
duced both leukotriene E 4 lev els in urine and leukotriene B 4 syn the sis 
by leuko cytes ex vivo in a phase I clin i cal trial in healthy vol un teers 
[ 22 ]. AZD5718 in hib ited leukotriene B 4 pro duc tion by 90% through - 
out the day fol low ing once - daily ad min is tra tion of 200  mg oral tablets 
in phar ma co dy namic mod els in healthy vol un teers [ 23 ]. Oral co - 
administration of AZD5718 with ro su vas tatin had no clin i cally mean - 
ing ful ef fect on the phar ma co ki netic pro files of ei ther drug in a phase 
I drug – drug in ter ac tion study, in di cat ing that AZD5718 is a com pat i - 
ble ad junct to stan dard care in pa tients with coro nary artery dis ease 
[ 23 ]. 

Fig. 1 . a Leukotriene biosyn the sis path way and in hi bi tion by AZD5718. b Role of leukotrienes in car dio vas cu lar dis ease. FLAP, 5 - lipoxygenase ac ti vat ing pro tein. 
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By in hibit ing leukotriene biosyn the sis, AZD5718 may have the po - 
ten tial not only to slow the pro gres sion of ath er o scle ro sis, but also to 
en hance coro nary mi crovas cu lar func tion and to im prove ven tric u lar 
con trac til ity fol low ing my ocar dial in farc tion [ 15 ]. Based on this ra tio - 
nale, we de signed a phase IIa proof - of - principle study to in ves ti gate 
the ef fi cacy and safety of AZD5718 in pa tients with re cent my ocar dial 
in farc tion (FLAVOUR). The study aims pri mar ily to as sess in hi bi tion 
of leukotriene biosyn the sis and sec on dar ily to as sess the ef fi cacy of 
AZD5718 com pared with placebo in this high - risk pa tient pop u la tion, 
us ing sur ro gate out comes. The com pre hen sive panel of transtho racic 
echocar dio g ra phy ef fi cacy out comes in cludes left ven tric u lar ejec tion 
frac tion as a mea sure of my ocar dial con trac til ity and coro nary flow 
ve loc ity re serve (CFVR) as a mea sure of coro nary mi crovas cu lar func - 
tion. 

2 . Methods and analysis 

2. 1 . Overview 

FLAVOUR is an on go ing 12 - week, ran dom ized, placebo - controlled, 
mul ti cen tre, par al lel - group, phase IIa clin i cal trial of the ef fi cacy, 
safety and tol er a bil ity of AZD5718 in pa tients with coro nary artery 
dis ease who have re cently had a my ocar dial in farc tion. The study 
started in Oc to ber 2017. 

2. 2 . Protocol amendment to extend treatment duration 

En rol ment into the study be gan with a 4 - week treat ment pe riod as 
spec i fied in the orig i nal pro to col. Fol low ing com ple tion of long - term 
an i mal tox i c ity stud ies, a pro to col amend ment in April 2018 ex tended 
the treat ment pe riod to 12 weeks for sub se quently en rolled pa tients, 
to en able longer - term as sess ment of ef fi cacy and safety. The amend - 
ment in tro duced two ex tra study vis its and new 12 - week sec ondary 
end points ( Table 1 ). The planned sam ple size was in creased from 100 
to ap prox i mately 138, be cause the 38 pa tients al ready en rolled un der 
the orig i nal pro to col had a 4 - week treat ment pe riod. This en sured 
that the same sta tis ti cal power as orig i nally planned is avail able for 
the new 12 - week pri mary and key sec ondary end points ( Table 1 ). 

2. 3 . Objectives 

The pri mary ob jec tive is to as sess the ef fect of AZD5718 treat ment 
on urine leukotriene E 4 lev els in pa tients with re cent my ocar dial in - 
farc tion. As sess ing the ef fect of AZD5718 on echocar dio graphic CFVR 
is one of the key sec ondary ob jec tives ( Table 1 ). The pri mary and key 
sec ondary end points are ranked for hi er ar chi cal test ing (see Sta tis ti cal 
meth ods). Other sec ondary ob jec tives and ex ploratory ob jec tives are 
listed in Table 1 , and in clude as sess ing the safety and phar ma co ki net - 
ics of AZD5718, as well as ad di tional ef fi cacy pa ra me ters. 

2. 4 . Participants 

El i gi ble pa tients are men and women 18 – 75 years of age with a 
body mass in dex of 18 – 35  kg/ m 2 , who have had a my ocar dial in farc - 
tion with or with out ST - segment el e va tion from 7 to 28 days be fore 
ran dom iza tion. Di ag no sis of my ocar dial in farc tion is based on the 
fourth uni ver sal de f i n i tion [ 24 ], with manda tory coro nary an giog ra - 
phy (analysed at the study site). Resid ual steno sis of the left an te rior 
de scend ing coro nary artery must be be low 50% and the Throm bol y sis 
In My ocar dial In farc tion (TIMI) flow grade [ 25 ] must be 2 or above 
af ter per cu ta neous coro nary in ter ven tion (if per formed). By pass graft 
of the left an te rior de scend ing coro nary artery is an ex clu sion cri te - 
rion. To be in cluded, women must be sur gi cally ster ile or post - 
menopausal (amen or rhea for ≥12 months) and men must be sur gi - 

Table 1 
Ob jec tives. 

Objective Assessment 

Primary a • Effect of AZD5718 on urine leukotriene E 4 levels at 4  weeks 
Key secondary 

(ranked) a 
• Effect of AZD5718 on: 

1. Urine leukotriene E 4 
levels at 12 weeks b 

2. Coronary flow 
velocity reserve at 12 weeks b 

3. Coronary flow 
velocity reserve at 4 weeks 

Other secondary c • Pharmacokinetics of AZD5718 at 4 and 12  weeks b 

• Effect of AZD5718 on: 
◦ resting and hyperaemic coronary blood flow at 

4 weeks 
◦ left ventricular functional parameters at 4 

weeks (including 
ejection fraction) 

• Safety and tolerability of AZD5718 
Exploratory c • Effect of AZD5718 on: 

◦ resting and 
hyperaemic coronary blood flow at 12 weeks b 

◦ left ventricular 
functional parameters at 12 weeks (including ejection 
fraction) b 

◦ arterial stiffness at 
4 and 12 weeks b 

◦ cardiovascular 
disease biomarker levels 

◦ leukotriene B 4 
production in blood ex vivo 

◦ patient - reported 
HRQoL, functioning, dyspnoea and fatigue 

• Effect of baseline 
variables on outcomes related to AZD5718 treatment 

• Relationship between 
AZD5718 exposure and efficacy outcomes 

HRQoL, health - related qual ity of life. 
a Primary and key secondary outcomes are hierarchically ranked for 

inferential statistical analysis in sequence to control the overall false positive 
rate; the study was powered for these outcomes only (see Statistical methods). 

b Outcomes at 12 weeks were introduced in a protocol amendment that 
extended the study treatment duration from 4 to 12 weeks. 

c Other secondary and exploratory outcomes were not included in the 
power calculation or the hierarchical testing procedure. 

cally ster ile or be us ing bar rier con tra cep tion to pre vent preg nancy in 
part ners. The com plete list of ex clu sion cri te ria is pro vided in Table 2 . 

2. 5 . Randomization and blinding 

En rolled pa tients are ran dom ized 2:1:2 to re ceive AZD5718 
200  mg, AZD5718 50  mg or match ing placebo as once - daily oral 
tablets ( Fig. 2 ). Ef fi cacy as sess ments will be based on com par isons of 
the AZD5718 200  mg group ver sus the placebo group; the smaller 
50  mg group serves only to guide dose se lec tion in fu ture stud ies. 
Ran dom iza tion is strat i fied by type of my ocar dial in farc tion (with or 
with out ST - segment el e va tion). Ran dom iza tion block se quences are 
gen er ated by the con tract re search or ga ni za tion (PAREXEL) us ing an 
al go rithm pro vided by the spon sor (As traZeneca). 

Par tic i pants, study site staff and the spon sor study team will re - 
main blinded to treat ment as sign ment through out the study. In ves ti - 
ga tors will re main blinded un less they need to know a pa tien t's as - 
signed treat ment in a med ical emer gency. Placebo matches ei ther 
AZD5718 50  mg or 200  mg tablets, so the iden tity of the treat ment 
can not be dis cerned. To re duce tablet bur den, the tablets do not 
match be tween doses. The study is there fore dou ble - blind for 
AZD5718 ver sus placebo, but sin gle - blind for as sign ment to placebo/ 
AZD5718 50  mg or placebo/ AZD5718 200  mg. 
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Table 2 
Ex clu sion cri te ria. 

1 Alanine aminotransferase levels > 2  ×  ULN at visit 2; cirrhosis; recent 
hepatitis; or positive test for hepatitis B or C virus 

2 Uncontrolled type 1 or 2 diabetes, defined as haemoglobin A1c level > 9% or 
> 74.9  mmol/mol 

3 Atrial fibrillation; history of ventricular tachycardia requiring therapy; 
symptomatic sustained ventricular tachycardia; sick sinus syndrome; or 
atrioventricular block (degree 2 – 3) 

4 Presence of a pacemaker 
5 Previous coronary artery bypass grafting to the left anterior descending 

coronary artery 
6 Left ventricular ejection fraction <30% 
7 Unacceptable level of angina despite maximal medical therapy or unstable 

angina at study entry a 

8 Stroke within 6  months of myocardial infarction or ongoing treatment with 
dipyridamole or dipyridamole/aspirin 

9 Planned treatment with zileuton, leukotriene receptor antagonists (e.g., 
montelukast), coumadin, <! - - Soft - enter Run - on - -  >  or steroids during the 
study 

10 Planned statin dose or regimen changes during the study 
11 Use of anticoagulants at a therapeutic dose (not including thrombosis 

prophylaxis) 
12 Planned cardiac surgery or percutaneous coronary intervention during the 

study 
13 NYHA class III – IV heart failure; decompensated heart failure at discharge; or 

hospitalization for exacerbation of chronic heart failure within 3 months of 
myocardial infarction 

14 Previous severe kidney disease (chronic kidney disease stage 4 or 5) or 
previous creatinine clearance  <30  mL/min b 

15 Aortic or mitral valvular disease classified as severe 
16 Allergy to adenosine or mannitol; or previous adverse effects of adenosine 

stress testing 
17 Elevated intracranial pressure 
18 Heart rate <40  bpm 
19 Systolic blood pressure <90  mmHg 
20 Asthma or chronic obstructive pulmonary disease with a strong reactive 

component 
21 Treatment with dipyridamole, theophylline, fluvoxamine, rifampicin, 

phenytoin, or carbamazepine 
22 Inability to comply with the study protocol 
23 Severe allergy or hypersensitivity to drugs with a chemical structure or class 

similar to that of AZD5718 
24 Vulnerability c or inability to give consent or communicate reliably with the 

investigator 
25 Involvement in the planning or conduct of the study 
26 Participation in another interventional clinical study of an investigational 

drug in the last 3  months 
27 Previous randomization in the study 
28 Previous or current abuse of drugs or alcohol 

NYHA, New York Heart As so ci a tion; ULN, up per limit of nor mal. 
a Defined as Canadian Cardiovascular Society grade ≥3  at study visit 1 or 2. 
b Estimated using the Cockcroft and Gault equation. 
c Including in detention, under guardianship, under trusteeship, and 

committed to an institution. 

2. 6 . Procedures 

Po ten tially el i gi ble pa tients are screened in hos pi tal within 5 days 
af ter their my ocar dial in farc tion ( Fig. 2 ). Par tic i pants are en rolled and 
ran dom ized within 7 – 28 days of their my ocar dial in farc tion to re ceive 
AZD5718 or match ing placebo once daily for 12 weeks (or 4 weeks 
for those en rolled un der the orig i nal pro to col). AZD5718 and placebo 
are pro vided as match ing film - coated tablets to be taken every morn - 
ing with 2  dL of wa ter. Par tic i pants’ ad her ence to the reg i men is mon - 
i tored us ing di ary cards. Par tic i pants are sched uled to at tend study 
vis its at ran dom iza tion (base line), at weeks 2, 4, 8 and 12 of treat - 
ment, and at fol low - up (4 weeks af ter the last dose). Safety and ef fi - 
cacy are as sessed through out the study ( Fig. 2 ). 

2. 7 . Efficacy outcomes 

2. 7. 1 . Urine leukotriene E 4 levels 
The per cent age change in cre a ti nine - normalized urine leukotriene 

E 4 lev els from base line to week 4 is the pri mary out come and change 
from base line to week 12 is the first of three key sec ondary out comes 
( Table 1 ). The pri mary ef fi cacy mea sure was based on the change 
from base line to week 4, re flect ing the orig i nal du ra tion of the study 
and the rapid de crease in urine leukotriene E 4 lev els ob served in 
phase I stud ies in healthy vol un teers [ 22 , 23 ]. 

2. 7. 2 . Echocardiography 
CFVR is mea sured as the ra tio of hy per aemic to rest ing di as tolic 

blood flow ve loc ity in the left an te rior de scend ing coro nary artery. 
Hy per aemia is in duced by adeno sine in fu sion (140  μg/ kg/ min for up 
to 5  min). Changes in CFVR from base line to week 12 and week 4 are 
the sec ond and third of the three key sec ondary out comes, re spec - 
tively ( Table 1 ). Rank ing change to week 12 above change to week 4 
in the key sec ondary ef fi cacy out comes re flects the ex ten sion of the 
study to al low de tec tion of po ten tial longer - term im prove ment in my - 
ocar dial mi crovas cu lar func tion. 

Other sec ondary echocar dio graphic ef fi cacy pa ra me ters in clude 
the change from base line in mea sures of coro nary flow (di as tolic flow 
ve loc ity in the left an te rior de scend ing coro nary artery) and mea sures 
of left ven tric u lar func tional re serve (global lon gi tu di nal strain, global 
cir cum fer en tial strain, early di as tolic strain rate and left ven tric u lar 
ejec tion frac tion). Ex ploratory echocar dio graphic pa ra me ters in clude 
15 strain mea sures and 11 3D func tional mea sures as sessed at rest and 
dur ing hy per aemia. Stan dard car diac and Doppler - assisted imag ing 
pa ra me ters, such as the ra tio be tween early mi tral in flow ve loc ity and 
early di as tolic mi tral an nu lar ve loc ity (E/ e′), are also as sessed. 

Study sono g ra phers were trained and cer ti fied in per son at 
Sahlgren ska Uni ver sity Hos pi tal (Gothen burg, Swe den) prior to the 
study. The spon sor pro vided a de tailed pro to col for com pre hen sive 
transtho racic echocar dio graphic ex am i na tions, to gether with ded i - 
cated pre - configured equip ment (Siemens Acu son SC2000 PRIME Ul - 
tra sound Sys tem, Siemens Health i neers, Moun tain View, CA, USA). 
Imag ing in cludes B - mode, colour Doppler and tis sue Doppler modal i - 
ties in 2D and 3D. High - frame - rate cine loops and still im ages are cap - 
tured at the study site. All echocar dio graphic data are analysed off - 
line by the core lab o ra tory at Sahlgren ska Uni ver sity Hos pi tal. 

2. 7. 3 . Arterial stiffness 
Changes in ar te r ial stiff ness from base line to 4 and 12 weeks are 

ex ploratory ef fi cacy out comes. Carotid – femoral pulse wave ve loc ity is 
mea sured us ing a femoral cuff and carotid tonome ter. Brachial pulse 
wave analy sis is con ducted us ing a brachial cuff. 

2. 7. 4 . Biomarkers 
Whole blood and plasma are col lected for ex ploratory analy ses of 

car dio vas cu lar dis ease and in flam ma tion bio mark ers. Sam ples are col - 
lected dur ing screen ing (days 1, 2, 3 and 5 af ter my ocar dial in farc - 
tion, if fea si ble) and through out the study ( Fig. 2 ). In flam ma tory bio - 
mark ers in clude in ter leukin - 1β, in ter leukin - 6, high - sensitivity C - 
reactive pro tein and growth dif fer en ti a tion fac tor 15. 

2. 8 . Safety outcomes 

Safety is as sessed through out the study ( Fig. 2 ). Safety as sess ments 
in clude clin i cal lab o ra tory tests (chem istry, haema tol ogy, co ag u la tion, 
serol ogy and uri nal y sis), phys i cal ex am i na tions, mon i tor ing of vi tal 
signs (pulse and blood pres sure) and body weight, elec tro car dio g ra - 
phy and record ing of ad verse events. 
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Fig. 2 . Study de sign. Stars in di cate ef fi cacy as sess ments, pen tagons in di cate phar ma co ki netic as sess ments, and di a monds in di cate safety as sess ments. Empty 
(white) stars in di cate ef fi cacy as sess ments that were not used in sta tis ti cal analy ses of AZD5718 ver sus placebo. a Screen ing as sess ments take place dur ing days 1 – 
5 af ter my ocar dial in farc tion and in clude TIMI coro nary flow grade, GRACE risk score, and plasma sam pling for bio mark ers on days 1, 2, 3, and 5 (if fea si ble). b 

Study du ra tion orig i nally 4 weeks ( n  =  38) be fore amend ment to 12 weeks ( n  =  100; to tal N  =  138). c In cludes CFVR mea sure ment (key sec ondary ef fi cacy out - 
come). d With out adeno sine stress. e Pa tient - reported HRQoL, func tion ing, and symp toms of dys p noea and fa tigue. f Ad verse events only (other tests op tional). 
CFVR, coro nary flow ve loc ity re serve; GRACE, Global Reg istry of Acute Coro nary Events; HRQoL, health - related qual ity of life; TIMI, Throm bol y sis In My ocar dial 
In farc tion. 

2. 9 . Questionnaires 

Par tic i pants com plete ques tion naires as sess ing their health - related 
qual ity of life (HRQoL), func tion ing, and symp toms of dys p noea and 
fa tigue as ex ploratory ef fi cacy out comes. HRQoL is as sessed with the 
stan dard ized 5 - dimension Eu ro Qol ques tion naire (EQ - 5D) [ 26 ]; func - 
tional health and well - being are as sessed in eight do mains with the 
36 - item Short Form Health Sur vey (SF - 36) ver sion 2 [ 27 ]; dys p noea is 
as sessed us ing the Rose Dys p nea Scale (4 items) [ 28 ]; and fa tigue dur - 
ing usual daily ac tiv i ties is as sessed us ing the Func tional As sess ment 
of Chronic Ill ness Ther apy (FACIT) Mea sure ment Sys tem (13 items) 
[ 29 ]. 

2. 10 . Statistical methods 

2. 10. 1 . Sample size calculation 
The study is pow ered to com pare AZD5718 200  mg with placebo 

for the pri mary and the three key sec ondary ef fi cacy out comes of 
urine leukotriene E 4 lev els and CFVR ( Table 1 ). Other end points were 
not in cluded in the power cal cu la tion, in clud ing other echocar dio - 
graphic out comes. A sam ple size of 33 evalu able pa tients per group 
will pro vide more than 99% power to de tect an 80% de crease in urine 
leukotriene E 4 lev els, and 80% power to de tect a 20% in crease in 
CFVR in the AZD5718 200  mg group ver sus the placebo group (both 
with one - sided α  =  0.05). Ap prox i mately 40 pa tients per group are 

be ing re cruited to re tain at least 33 evalu able pa tients per group at 
week 12, as sum ing an ap prox i mate 18% dis con tin u a tion rate. The 
AZD5718 50  mg group will in clude ap prox i mately 20 pa tients and 
serves only to guide dose se lec tion in fu ture stud ies. Power cal cu la - 
tions used a log - normal dis tri b u tion of leukotriene E 4 lev els with ex - 
pected in hi bi tion of 96% for AZD5718 and 0% for placebo (both with 
a stan dard de vi a tion of <4%), based on a phase I mul ti ple as cend ing 
dose study in healthy vol un teers [ 22 ]. A 30% co ef fi cient of vari a tion 
was as sumed for change in CFVR power cal cu la tions, based on data 
from an ob ser va tional study in pa tients with heart fail ure [ 30 ]. 

2. 10. 2 . Control for multiple comparisons 
A hi er ar chi cal test ing pro ce dure was pre - specified to pre serve the 

over all false pos i tive rate at 0.05 or be low when per form ing mul ti ple 
com par isons of AZD5718 200  mg with placebo for the pri mary and 
key sec ondary end points only ( Table 1 ). These will be tested in the 
fol low ing se quence: first, change in urine leukotriene E 4 lev els to 
week 4; sec ondly, change in urine leukotriene E 4 lev els to week 12; 
thirdly, change in CFVR at 12 weeks; and fi nally, change in CFVR at 4 
weeks. This hi er ar chy re flects the orig i nal 4 - week de sign of the study 
and an tic i pated rapid change in the pri mary ef fi cacy out come 
(leukotriene E 4 lev els) but pri or i tizes the 12 - week ex ten sion for CFVR 
out comes, in which more grad ual changes are an tic i pated. Test ing 
will stop as soon as a non - significant re sult is ob served ( p  >  0.05) and 
all sub se quent com par isons will be de clared non - significant. Com par - 
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isons of AZD5718 50  mg with placebo will be per formed in par al lel, 
but no ad just ment for mul ti plic ity is re quired be cause the re sults will 
not be used to judge ef fi cacy. Other sec ondary and ex ploratory end - 
points are not in cluded in hi er ar chi cal test ing pro ce dure, in clud ing 
other echocar dio graphic out comes. 

2. 10. 3 . Inferential analyses 
A mixed model re peated mea sures analy sis will be used to test the 

change from base line in urine leukotriene E 4 lev els in each AZD5718 
group ver sus placebo (one - sided α  =  0.05), with treat ment, visit, and 
treat ment – visit in ter ac tion as fixed fac tors and type of my ocar dial in - 
farc tion and base line leukotriene E 4 value as co vari ates. The model 
will use an un equally spaced vari ance – covariance ma trix, if pos si ble. 
An analy sis of co vari ance will be used to test the change in CFVR 
from base line in each AZD5718 group ver sus placebo (one - sided 
α  =  0.05), with treat ment as a fixed fac tor and type of my ocar dial in - 
farc tion and base line CFVR value as co vari ates. Sim i lar analy ses will 
be used for other sec ondary and ex ploratory ef fi cacy out comes (two - 
sided α  =  0.05), with no cor rec tions for mul ti plic ity. 

2. 10. 4 . Subgroup analyses 
De scrip tive ef fi cacy re sults will be strat i fied by type of my ocar dial 

in farc tion (with or with out ST - segment el e va tion) and pro to col co hort 
(4 - week or 12 - week treat ment). The study is not pow ered for com par - 
isons in sub groups. No sta tis ti cal analy ses are pre - specified in these or 
other sub groups of pa tients (e.g., base line level of in flam ma tory bio - 
mark ers, base line CFVR im pair ment or site of en rol ment). Any post 
hoc sub group analy sis will be non - inferential. 

2. 11 . Ethics and dissemination 

FLAVOUR is tak ing place at three sites in Den mark, two sites in 
Fin land, and four sites in Swe den. The study is reg is tered on 
ClinicalTrials. gov (iden ti fier: NCT03317002 ) and Eu draCT ( 2017 - 
001582 - 25 ), and con forms to the prin ci ples of the De c la ra tion of 
Helsinki, the In ter na tional Con fer ence on Har mon i sa tion Good Clin i - 
cal Prac tice, and all ap plic a ble reg u la tory re quire ments. An eth i cal re - 
view board in each coun try re viewed and ap proved the study pro to col 
and its amend ments. All par tic i pants give their writ ten in formed con - 
sent be fore study en rol ment. 

2. 12 . Current status 

As of No vem ber 2019, we have en rolled 150 par tic i pants and ran - 
dom ized 120 par tic i pants in FLAVOUR (those not ran dom ized did not 
pass screen ing). A to tal of 100 par tic i pants are planned for ran dom - 
iza tion to 12 weeks of treat ment with AZD5718 or placebo. An ad di - 
tional 38 pa tients were en rolled un der the orig i nal 4 - week pro to col. 
The first pa tient was en rolled in Oc to ber 2017 and the first dose was 
taken in No vem ber 2017. We ex pect to en rol the last pa tient in De - 
cem ber 2019 and com plete the last fol low - up visit in April 2020. 

2. 13 . Patient and public involvement 

Nei ther pa tients nor the pub lic were in volved in this re search, ex - 
cept as par tic i pants in the study. Par tic i pants are re cruited at the 
study cen tres and ad ver tis ing is ap proved by the ethics com mit tee. 

3 . Discussion 

FLAVOUR is the first study to as sess the ef fect of a FLAP an tag o - 
nist in pa tients with coro nary artery dis ease. The pri mary ef fi cacy 
out come is phar ma co dy namic and is ex pected to con firm the rapid 
and sus tained 90% or greater in hi bi tion of leukotriene biosyn the sis 
ob served in healthy vol un teers re ceiv ing AZD5718 [ 22 , 23 ]. We also 

de signed the study to en com pass mul ti ple car dio vas cu lar sur ro gate ef - 
fi cacy mea sures, in clud ing as sess ment of coro nary mi crovas cu lar func - 
tion in pre - specified, mul ti plic ity - controlled analy ses of echocar dio - 
graphic CFVR. 

Leukotriene E 4 lev els were as sessed non - invasively in the urine for 
the pri mary out come mea sure. Blood leukotriene lev els are typ i cally 
very low, and as says in volve tech ni cally chal leng ing ex vivo stim u la - 
tion of lym pho cyte leukotriene B 4 se cre tion. AZD5718 re duced urine 
leukotriene E 4 and blood leukotriene B 4 lev els in the phase I study in 
hu man vol un teers, demon strat ing tar get en gage ment us ing both as - 
says [ 22 ]. Leukotriene lev els were there fore as sessed only in urine in 
the pre sent study. Ath er o scle ro sis in volves both large - vessel oc clu sive 
dis ease and mi crovas cu lar dys func tion, and leukotrienes are in volved 
in both of these patholo gies [ 11 ]. FLAVOUR in cludes a com pre hen - 
sive panel of echocar dio graphic pa ra me ters as sessed at rest and un der 
stress as sec ondary or ex ploratory out comes, to gether with CFVR as 
the key sec ondary out come. These will pro vide a thor ough as sess ment 
of the par tic i pants’ car diac func tion be fore and dur ing treat ment with 
AZD5718. We hy poth e size that not only my ocar dial con trac til ity (e.g., 
left ven tric u lar ejec tion frac tion), but also coro nary flow and car diac 
re serve may be im proved with AZD5718 treat ment. The ex tended 12 - 
week du ra tion of FLAVOUR will en able po ten tial en hance ments in 
CFVR and other sur ro gate ef fi cacy pa ra me ters to be as sessed over a 
suit ably ex tended pe riod of treat ment with AZD5718. Any po ten tial 
ef fects of AZD5718 will need to be de tected in ad di tion to spon ta - 
neous im prove ment in CFVR in the weeks and months fol low ing my - 
ocar dial in farc tion, and in ad di tion to im prove ments re sult ing from 
stan dard care. Im prove ments in CFVR over an 8 - week pe riod have 
been re ported in pa tients with my ocar dial is chaemia but with out oc - 
clu sive coro nary artery dis ease in a small dou ble - blind placebo - 
controlled study of ra nolazine ( N  =  58) [ 31 ]. 

CFVR is an ap peal ing sur ro gate out come mea sure for de tect ing po - 
ten tially ben e fi cial ther a peu tic ef fects of AZD5718 in a phase II study 
for sev eral rea sons. First, coro nary mi crovas cu lar dys func tion is com - 
mon in pa tients with ob struc tive coro nary artery dis ease [ 32 ]. CFVR 
pro vides an in te grated mea sure of blood flow through the large epi - 
car dial ar ter ies and the coro nary mi cro cir cu la tion [ 33 ]. When steno sis 
of the coro nary ar ter ies is be low 50%, as in the pre sent study, CFVR is 
a marker of coro nary mi crovas cu lar func tion [ 34 , 35 ]. Sec ond, in 
echocar dio graphic stud ies, CFVR is prog nos tic of max i mal ex er cise 
per for mance and rep re sents a com pos ite of sys tolic and di as tolic func - 
tion in pa tients with chest pain and pa tients with coro nary artery dis - 
ease [ 34 , 35 ]. Third, in de pen dent of other risk fac tors, im paired CFVR 
pre dicts mor tal ity in pa tients with heart fail ure [ 36 ]; and known or 
sus pected coro nary artery dis ease [ 37 ]; pre dicts car dio vas cu lar death, 
my ocar dial in farc tion, or acute revas cu lar iza tion in pa tients with sus - 
pected my ocar dial is chaemia [ 38 ]; and pre dicts death, my ocar dial in - 
farc tion, or hos pi tal iza tion for un sta ble angina in pa tients with known 
or sus pected coro nary artery dis ease [ 39 ]. In risk mod el ling stud ies, 
CFVR was a sig nif i cant in de pen dent pre dic tor of car dio vas cu lar mor - 
tal ity in pa tients with di a betes and pa tients with chronic kid ney dis - 
ease [ 40 , 41 ]. Fourth, CFVR also re flects basal my ocar dial oxy gen de - 
mand [ 42 , 43 ], sug gest ing that im proved or un changed CFVR might 
in di cate that any en hance ment in rest ing ven tric u lar con trac til ity is 
en ergy neu tral and there fore po ten tially ben e fi cial. Fi nally, echocar - 
dio graphic mea sure ment of CFVR is highly re pro ducible and has low 
vari abil ity among trained op er a tors at a sin gle ex pe ri enced study site 
[ 44 ]. The de sign of the pre sent study re duces vari abil ity be tween sites 
by us ing stan dard ized car diac sonog ra phy pro to cols and equip ment, 
cen tral ized im age read ing, and a hands - on sono g ra pher train ing and 
cer ti fi ca tion pro ce dure (S Sved lund et al., man u script in prepa ra tion). 

We spec i fied an in ter val of 1 – 4 weeks from pa tients hav ing a my - 
ocar dial in farc tion to start ing treat ment with AZD5718 or placebo in 
FLAVOUR. This time in ter val of fers the best ther a peu tic win dow be - 
tween fea si bil ity in a clin i cal trial and early in ter ven tion, and el i gi ble 

http://clinicaltrials.gov/
http://clinicaltrials.gov/ct2/show/NCT03317002
http://www.clinicaltrialsregister.eu/ctr-search/search?query=2017-001582-25
http://www.clinicaltrialsregister.eu/ctr-search/search?query=2017-001582-25
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pa tients rep re sent the most likely po ten tial tar get pop u la tion for 
AZD5718. Rates of re cur rent my ocar dial in farc tion are high est soon 
af ter an ini tial my ocar dial in farc tion and de cline there after [ 45 , 46 ]. 
In flam ma tory re sponses to necrotic cells in a my ocar dial in farc tion 
be gin im me di ately with leuko cyte in fil tra tion and sus tained up reg u la - 
tion of pro - inflammatory cy tokines [ 47 ]. This is fol lowed by pro lif er a - 
tion of repar a tive im mune cells in a re mod el ling and reper fu sion 
phase last ing for a few weeks [ 47 ]. CFVR may im prove spon ta neously 
in all pa tients dur ing the re mod el ling phase fol low ing my ocar dial in - 
farc tion. Nev er the less, in ter ven tions able to im prove mi crovas cu lar 
func tion may be more ben e fi cial in this re mod el ling stage than in the 
sub se quent res o lu tion and scar mat u ra tion stage, when the ma jor ity of 
repar a tive im mune cells un dergo apop to sis [ 47 ]. 

A po ten tial lim i ta tion of the study de sign is that we did not re quire 
par tic i pants to have high lev els of leukotrienes or other in flam ma tory 
bio mark ers, or to have im paired CFVR at study en try. In CAN TOS, el i - 
gi ble pa tients had high C - reactive pro tein lev els in dica tive of high 
resid ual in flam ma tory risk [ 7 ]. Fur ther more, in a sub group analy sis, 
par tic i pants whose high - sensitivity C - reactive pro tein lev els re mained 
be low 2  mg/ L af ter 3 months of anti - interleukin - 1β treat ment with 
canakinumab had a lower risk of ma jor ad verse car dio vas cu lar events 
than those with higher lev els (≥2  mg/ L) [ 48 ]. Ex ploratory out comes 
in the pre sent study in clude com pre hen sive in flam ma tion and car dio - 
vas cu lar bio marker pan els. 

In con clu sion, FLAVOUR will pro vide in for ma tion on po ten tially 
clin i cally mean ing ful ef fects of FLAP in hi bi tion with AZD5718 in pa - 
tients with re cent my ocar dial in farc tion re ceiv ing stan dard sec ondary 
pre ven tive care. Any po ten tially ben e fi cial ef fects of AZD5718 on sur - 
ro gate ef fi cacy out comes would re quire fur ther in ves ti ga tion, for ex - 
am ple in a phase 3 car dio vas cu lar out comes trial. 
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