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B (%) 67 60 53 48 48
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e 28 18 6
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EiHiE
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Pl L 71% 20

Crif 21 18
TR 400 26 (= 50%) 49 ) 72** 49 46
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FEUAE S Ll
TEHOLD) ETH Ry, E5i, CKD® & D IR 99 1 1& cardio-renal anemia syn-
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26% T & - 7z, JCARE-CARD T3 IN i R4 +
HFpEF T D65 L ED il &z 2 n 7 1 61%,
81%T&H b, HFpEF MR & Ll L X h &
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1.0 7 .
ga&rwﬁtttzzzzziiij
g NF—RH 0.606
3067 95%(=#ARM0.377-0.974
= P=0.038
‘E 0.4
g ——— BEMIEH S
Woz2y —— FpipEm
0 T T T T T —
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C B Al
1.0~
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©
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0
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Event-free rate

B. L4

B | D%
R e —
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P=0.027
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95%{EHH X 0.581-1.129

024 p=p.214

0

0 200 400 600 800 10001200 1400
e (2)

4 JCARE-CARD: BililfigidFHHetiah® (CUik10 X b &)

PRE R & LTl (38%), fim (27%)

2B B HEED o BB ORENEE
29 % &, ACEBREAED £ 5213 HFpEF 2325%

WXL, IR 22 44%, B LW AR o 13 552X
HFpEF 23540%, Iifif25366% &, HFpEF
TEDTTIEARFEI B D B SR AR T & A3
Ehlleovz, HFpEFZHRE LWV DDD
IRREIR DS E 1TV 208, BANE 7 T 0 125
ROBREINTOR I EHEBERIZEHL T3
EEZo6ND,. X510, WiEAR4BE L HFpEF
BELOFELHELZER, 230552 030
AW X 2B ARE IR, A4 5340%,
HFpEF Tl345% ©, MEICHETZM R EEE Y

L
o

e Zn otz (13). HFpER & Ui 7~ 4 | A,
FRARTH 50 Mbod, T v 2D¥k;
VT ERE AT, SRR IETENE D RSt
VRO S5,

F. JCARE-CARDIZH T 2 EMRBDF
BADMER

JCARE-CARDWIAD 77— % _R— 2 %2 <,
BIELARBIFTDT7 7R F 74 Y OHEHITH
% BB P RAREEIICO\WT, real world
TOREGERLTHRRENRZ L L 7=

JCARE-CARD IZ B8 & L /- IUiEH e e &

ot

(EF



1. DOENCE T 2BELTR L EE D ERE E—JCARE-CARD 193

|2 ACEMZEZEizsae ABRIGSEHC BT 2 RIBFHROLEE (SrHt11 & h &%)

AV (%)

ACE [f:ksg ARB FEREEN T — P 1 BN — P pp*
(n=322) (n=1330) (95% fEHTX[E) (95% 1S 1A )
£t 51 (15.8%) 51 (15.5%) 0.958 (0.646-1.405) 0.958 (0.601-1.527)
P =0.807 P=0.858
DalEEE, 33 (10.2%) 37 (11.2%) 1.071 (0.669-1.713) 1.186 (0.680-2.067)
P=0.775 P=0.548
ZEIRFT 9 (2.8%) 11 (3.3%) 1.180 (0.489-2.848) 0.770 (0.270-2.199)
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ODASBEIC L2 AR 101 (31.4%)

BIEDH B IFHTA: 121 (37.6%)

99 (30.0%)

118 (35.8%)

0.931 (0.705-1.228) 0.964 (0.683-1.362)

P=0.612 P=0.836
0.924 (0.717-1.191) 0.951 (0.694-1.302)
P=10.540 P=0.752
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T2 FRUGINNCIED D B £ 5 By IOWT
BES L D il g b L g Wit 1% 6 S 4 451
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MPHBE I -5t ER2IRT . RT3
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15.5% ¢, MMM S 2 ME TS % b 7 s o

(P=0.807). =&y W2, DIZE, DA
LEBABRERSAETH 57, L2504 fietre, ¥
BICENR FOT T ER % T BLEERTY, 2%
T, /LEAE, DAEIEEIC L 25 A5 - SE L E
TR o7 (322)
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Abstract

Purpose Caleiom channel blockers (CCBs) are recommen-
ded second-line antihypertensives for renin-angiotensin
system (RAS) inhibitor-treated patients with chronic kidney
discase (CKD), but they do not always ameliorate the
progression of CKD. However, small clinical studies
suggest that sympatholytic CCBs may protect against
kidney injury. Therefore, a clinical trial was designed to
test whether the sympatholytic CCB azelnidipine decreases
the urinary albumin levels of CKD patients treated with the
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angiotensin receptor blocker olmesartan more potently than
the widely-used non-sympatholytic CCB amlodipine.

Methods A multi-center, open-labeled, randomized clinical
intervention trial was designed to compare the antialbumi-
nuric effect of uzelnidipine (8--16 mg/day) and amlodipine
(2.5-5 mg/day) in olmesartan-treated hypertensive (blood
pressure 130- 180/80-110 mmflg) paticnts with type 2
diabetes (fasting blood sugar >126 mg/dL or treatment with
antidiabetic agents) and albuminuria (urinary albumin/
creatinine ratio 230 mg/g). The primary study endpoint is
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the change in the urinary albumin/creatinine ratio after
12 months of treatment,

Conclusions The present trial is expected to clarify whether
the sympatholytic CCB azelnidipine is a beneficial second-
line choice for RAS inhibitor-treated hypertensive patients
with CKD, such as diabetic nephropathy.

Key words Calcium channel blocker - Urinary albumin -
Diabetic nephropathy - Hypertension - Renin-angiotensin
system inhibitor

Introduction

Hypertension, which is often associated with chronic
kidney discase (CKD), accelerates the progression of
kidney injury and associated cardiovascular disease,
Inhibitors of the renin-angiotensin system (RAS) are
first-line antihypertensives in patients with CKD, such
as diabetic nephropathy, because it has been shown that
RAS inhibitors are renoprotective, whether given in
early [1, 2] or advanced [3, 4] stages of CKD. Recently,
it was reported that RAS inhibitors also suppress the
development of diabetic nephropathy when they are
administered in the pre-nephropathic stage of diabetes.
For example, the angiotensin receptor blocker (ARB)
olmesartan prevents the onset of nephropathy in diabetic
patients with normoalbuminuria [5]. However, despite
the solid evidence showing the renoprotective effects of
RAS inhibitors [1-5], RAS inhibitor monotherapy is not
believed to be sufficient for CKD associated with
hypertension. This is because the target blood pressure (BP)
levels critical for suppressing the progression of CKD cannot
be achicved by RAS inhibitor monotherapy in the majority of
hypertensive patients with CKD. For example, an ARB
monotherapy decreases BP to <130/80 mmHg in only
10-20% of hypertensive patients [6]. Thus, second-line
antihyperfensives are required to manage hypertensive
paticnts with CKD.

The guidelines for the treatment of hypertension recom-
mend dihydropyridine-type calcium channel blockers
(CCBs) or thiazide diuretics as candidate antihypertensives
that could be combined with RAS inhibitors to treat CKD

Events through Combination Therapy in Patients Living
with Systolic Hypertension) demonstrated that the cardio-
vascular risk of the high-risk hypertensive patients is lower
if they are treated with benazepril plus amlodipine than if
they are treated with benazepril plus hydrochlorothiazide,
but the primary endpoints of this study did not include
kidney injury [10]. In contrast, GUARD {Gauging Albu-
minuria Reduction with Lotrel in Diubetic Patients with
Hypertension) showed that hydrochlorothiazide plus bena-
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zepril decreases the urinary albumin levels in patients with
diabetic nephropathy more potently than amlodipine plus
benazepril [11]. These observations are consistent with
those of REIN (Renoprotection in Patients with Non-
diabetic Chronic Renal Discase)-2, which showed that
strict BP control due to the addition of felodipine cannot
decrease the morbidity of end-stage kidney discase (ESKD)
in ramipril-treated non-diabetic patients with proteinuria
[12]. An ACCOMPLISH sub-study [13] showed that when
benazepril-treated patients (the majority of whom had
normal kidney function) were treated with hydrochlorothi-
azide, the increase in serum creatinine (Cry were higher
than when amlodipine was given; nevertheless, the inci-
dence of ESKD (dialysis and cstimated glomerular filtration
rate [cGFR] of <15 mL/min/1.73 m?) in the two groups did
not differ. Moreover, the antialbuminuric effect of benaze-
pril plus hydrochlorothiazide was greater in subgroup with
CKD than that of benazepril plus amlodipine. Thus, it
appears that in combination with RAS inhibitors, thiazide
diuretics are superior compared to CCBs in terms of
renoprotective effects. Fowever, ACCOMPLISIT [10]
suggests that CCBs are superior in terms of cardiovascular
protective effects. Thus, it is difficult to decide which drugs
should be combined with RAS inhibitors to treat CKD
patients, especially since these patients often also have
cardiovascular discase, which is a major determinant of
their Tife prognosis.

Cilnidipine has been suggested to have sympatholytic
effects [14, 15]. Recently, we demonstrated that cilnidipine
amcliorates proteinuria in hypertensive patients with CKD
whereas the non-sympatholytic CCB amlodipine does not
[16]. Supporting this is that the sympathetic nervous system
may play an important role in the progression of CKD [17,
18]. Another sympatholytic type of CCB3, azelnidipine [19—
23], has also been reported to have greater anfiproteinuric
effects in non-diabetic hypertensive patients with CKD than
amlodipine [24]. Moreover, azelnidipine decreascs urinary
albumin levels in hypertensive patients with diabetic
nephropathy more effectively than nifedipine, a non-
sympatholytic CCB [25]. Unfortunately, the latter two
clinical studies were performed only in a small number of
patients.

These observations led us design a large clinical study
that addresses the question: does the sympathlytic CCB
azelnidipine has a greater antialbuminuric effect in ARB-
treated hypertensive patients with diabetic nephropathy
than the non-sympatholytic CCB amlodipine? For this
study, olmesartan medoxomil was sclected to be as the
ARB because its antihypertensive effect is potent [6] and it
is widely prescribed in both Japan and other countries. This
study described here will show one of the best CCBs that
can be used in combination with ARB in hypertensive
patients with CKD,
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Methods

The J-FLAG (Japanese evaluation between FormulLa of
Azelnidipine and amlodipine add on olmesartan to Get
antialbuminuric effect study) is a prospective, multi-center,
open-labeled, randomized trial that is being performed in
Japan. It has been registered at the University Hospital
Medical Information Network-Clinical Trials Registry
(UMIN-CTR) under the trial identification number
UMINO00001666. It has been approved by the Institutional
Review Boards of the University of Tokyo Clinical
Research Center (reference number P2008029-11X) and
by the review boards of all the other participating hospitals,
and it is being conducted in accordance with the Declara-
tion of Helsinki Principles. Conscquently, written informed
consent is obtained after patients receive an oral and written
explanation of the trial from the attending physician.

Participants

The participants are olmesartan-treated hypertensive
patients with diabetic nephropathy. The inclusion criteria
are 1) an outpatient systolic BP of >130 mmbg and
<180 mmHg and/or a diastolic BP of >80 mmllg and
<110 mmllg, 2) urinary albumin/Cr >30 mg/g in spot urine,
3) fasting blood sugar >126 mg/dL or treatment with
antidiabetic agents, 4) serum Cr 2.0 my/dL, 5) age 220
and <80 year-old, and 6) =1 month of weatment with
olmesartan (10 to 20 mg/day) and no treatment with CCB.

The exclusion criteria are 1) a hypertensive cmergency
that required an intravenous administration of antihyper-
tensives, 2) nephrotic syndrome (urinary protein >3.5 g/day
and scrum total protein <6.0 g/dL [or scrum albumin
<3.0 g/dL]), 3) the administration of contraindication drugs
(angiotensin-converting enzyme [ACE] inhibitors, ARBs
other than olmesartan, CCBs, adrenocorticosteriods, immu-
nosuppressants, azole antifungal agents [such as itracona-
zole or miconazole], HIV protease inhibitors [such as
ritonavir, saquinavir, or indinavir]) or long-term (22 wecks)
administration of non-steriod  anti-inflammatory drugs
(NSAID), 4) a pust history showing that CCBs, ARBs, or
ACE inhibitors have scvere side cffects, 5) cerebrovascular
discase that occurred within 6 months before registration, 6)
sever heart failure (NYHA class ZI1T), severe arthythmia
(frequent ventricular or atrial extrasystole, prolonged
ventricular tachycardia, atrial tachyrhythmia with severe
tachycardia, atrial fibrillation or flutter with severe tachy-
cardia, sick sinus syndrome with severe bradycardia, or
atrio-ventricular block with severe bradycardia), myocardial
infarction or percutancous transluminal coronary angioplas-
ty within 6 months before registration, 7) type 1 diabetes or
type 2 diabetes required hospitalization due to high
hemoglobin Alc levels (>9.0), extremely high blood

glucose levels, or diabetic keto-acidosis, 8) aspartate amino
transferase (AST) and alanine transaminasc (ALT) levels
that are 25 times the upper limit of normal, 9) mali gnancy,
and 10) pregnancy, the possibility of pregnancy, or the
desire to become pregnant.

Study design

During each initial screening visit, written informed
patient consent is obtained, interim registration is
performed and all examinations are conducted to evaluate
patient cligibility. After confirming patient cligibility,
cach patient is officially registered and randomly allo-
cated by wsing a permuted-block design into one of two
groups; namely, azelnidipine (started at 8 mg/day, then
adjusted to 8-16 mg/day) or amlodipine {started at
2.5 mg/day, then adjusted to 2.5-5 mg/day) in combina-
tion with olmesartan (10-20 mg/day) (Fig. 1). The
following factors will be used for stratified randomization:
1) urinary albumin/Cr ratio (<300 mg/g, >300 and
<1,000 mg/g, >1000 mg/g), and 2) systolic BP (<145 mmHg,
=145 mmHlg). Azelnidipine or amlodipine is started 1 month
after the observation period commences. The dose of
olmesartan is not changed during the treatment period. The
target BP is <130/80 mmllg. If azelnidipine or amlodipine
fails to reduce BP to the target level, additional antihyperten-
sive drugs (other than a RAS inhibitor or a CCB) are
administered. The treatment period is 12 months.

Outcome measures

The primary endpoint is changes in the urinary albumin/Cr
ratio in spot urine after 12 months of treatment relative to
the ratio at the pretreatment period (average of two
measured values) to 12 months of treatment.

The secondary outcomes are 1) changes in the urinary
albumin/Cr ratio at each treatment period relative to the
prefreatment period value, 2) urnary protein/Cr ratio, 3)
urinary liver-type free fatty acid-binding protein (L-FABPYCr
atio, 4) urinary 8-hydroxydeoxyguanosine (8-01dG)/Cr
ratio, 5) office BP in outpatient clinic, 6) pulse rate, 7) ¢GFR
calculated using the Modified Diet in Renal Discase (MDRD)
formula that was modified by the Japancse Socicty of
Nephrology [26], and 8) cerebro-cardiovascular events,
which include cerebro-cardiovascular death (fatal myocardial
infarction, fatal heart failure, sudden death, fatal stroke, and
other cardiovascular deaths) and hospitalization due to
cerebro-cardiovascular disease (nonfatal myocardial infarc-
tion, angina pectoris, heart failure, cerebral bleeding, cerebral
infarction, and transient cerebral ischemic attack).

Laboratory tests of urine are performed at a central
laboratory (SRL Medisearch Inc., Tokyo, Japan). The
urinary albumin level is measured by a turbidimetric
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Fig. 1 Design of the J-FLAG
(Japanese evaluation between

FormulLa of Azelnidipine and ;
amlodipine add on olmesartan {o
Get antialbuminuric effect
study) trial : :

Observation
Period
(1 month)

Treatment Period (12 months)

Azehnidipine 2.5-5 mg/day

Olmesartan 10-20 mg/day

i Oralfwritten

Olmesartan 10-20 mg/day

explanation i;f??{?:::? Olmesartan 10-20 mg/day l
v P eligibility Amlodipine 2.5-5 mg/day ]
i Informed b : !
i consent i Registration |
A .
h}“‘””_‘ i Random
{oTegmmaton i apjocation !
2 -1 0 3 6 12 months
4 % ¢ $
0 0
4: Urine sumpling Start of Completion of
trial drug treatment

immunoassay (AutoWako Microalbumin, Wako Pure
Chemical Tndustries, Ltd., Osaka), and the Cr level is
measured by an Enzymatic Colorimetric Assay (Pure Auto
S CRE-L, Sckisui Medical Co., Ltd., Tokyo). Both assays
employ the 7700 auto-analyzer (Hitachi Iigh-Technologies
Corp., Tokyo). Urinary L-FABP is examined by an
enzyme-linked immunosorbent assay (ELISA: Human L-
FABP Assay Kit-IBL: Immuno-Biological Laboratories Co.
Ltd., Takasaki). Urinary 8-OITdG is ulso measured by an
ELISA (New 8-OHdG Check ELISA, Japan Institute for
the Control of Aging, Nikken Seil Co., Ltd., Fukuroi).

Sample size detcrmination

Based on the previous results of studices on azelnidipine [24,
25, 27], it was assumed that azelnidipine and amlodipine
will differ in terms of logarithmically-transformed changes
in the urinary albumin/Cr ratio after 12 months of the
treatment by 0.15 and with a standard deviation of 0.37. To
detect a difference in the primary endpoint between the two
arms with an alpha error of 5% and a power of 80%, 194
paticnts will be required. Assuming a 20% loss to follow-
up, 250 patients (125 per arm) were planned to be enrolled.

Statistical considerations

For the efficacy endpoint, the primary analysis will be
carried out on the intent-to-treat (ITT) population (i.e. all
randomized patients, regardless of patient compliance,
actual administration of the trial drug, or premature trial
drug discontinuation), not including those patients who are
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deemed ineligible (see eligibility criteria above) or who
never take the trial drug. Tn terms of the safety endpoint, all
patients who take the trial drug at Teast once will be
analyzed.

The azelnidipine and amlodipine groups will be com-
pared in terms of the logarithmically-transformed change in
winary albumin/Cr ratio after 12 months of freatment
relative to the pretreatment value; for this, analysis of
covariance will be employed. To include missing values in
the comparison of the effects between azelnidipine and
amlodipine, the data will be analyzed by using mixed
model separately. The two-sided significance level is 5%,
The absolute values and changes over time of the secondary
outcome measures will also be analyzed. To evaluate trial
drug safety, the two groups will be also compared in terms
of the frequency of adverse events and the rate of dropout
due to adverse events.

Maunagement of the study

The organization and members of each committee of the J-
FLAG trial are shown in the Appendix. The Principal Study
Coordinator and the Steering Committee oversee and are
responsible for conducting the tral, regarding protocol
changes, and premature study termination. The Steering
Committee is blinded to the treatment assignments and
takes responsibility for publications arising from the trial.
The Protocol Committee is responsible for the study
design and protocol development and their changes. The
Executive Study Coordinator and Coordinating Commit-
tee are responsible for the implementation of the tral,
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fund management, data management, statistical analysis,
and general affairs. The Data Monitoring and Safety
Committee assesses safety and endpoints, evaluates
adverse events, oversees patient welfare, reviews trial
data at specified intervals, and makes recommendation to
the Steering Committee if any problems arise (e.g.
serious adverse events), This committee does not include
investigators in the study.

Discussion

The J-FLAG tdal asks whether the sympatholytic CCB
azelnidipine has a more potent antialbuminuric effect in
olmesartan-treated hypertensive patients with diabetic ne-
phropathy than the non-sympatholytic CCB amlodipine.
Gencerally, glomerular hypertension plays an Important role
in the onset and progression of CKD. For example, a recent
meta-analysis has shown that diabetic patients who have
normal renal function at diagnosis but exhibit accelerated
progression of kidney injury in the future have an increased
baseline glomerular filtration rate, which is probably due to
glomerular hyperfiltration [28]. L-type CCBs, which are
commonly used as antihypertensives, have a glomerular
pressure-increasing effect because they induce vasodilation
of the glomerular afferent but not efferent arteries [29]. This
glomerular hemodynamic change may cancel or attenuate
the glomerular pressure reduction induced by the hypoten-
sive action of CCBs. In contrast, the alpha; blocker
terazosin decreases glomerular pressure by inducing the
vasodilation of both afferent and efferent arteries in
spontancously hypertensive rats [30]. Thus, some CCBs
such as azelnidipine, which have a sympathlytic action,
may be beneficial for patients with CKD. Indeed, a
videomicroscope study has shown that the sympathlytic
CCB azelnidipine increases the diameter of both afferent
and cfferent arteries in angiotensin Il-infused rats and that
this is renoprotective effects [317. In addition, our previous
study [16] showed that another sympatholytic CCB
deereased urinary protein/Cr ratio more potently than
amlodipine. Moreover, two small clinical studies revealed
that azelnidipine has greater antiproteinuric or antialbumi-
nuric effects than the non-sympatholytic CCB amlodipine
or nifedipine [24, 25]. Thus, to clarify whether a sympa-
tholytic CCB inhibits the progression of kidney injury, the
J-FLAG trial was designed to test the renoprotective effect
of azelnidipine,

Although CCBs and diuretics are recommended to add
as second-choice antihypertensives that could be added to
RAS inhibitor treatment for patients with diabetic nephrop-
athy and hypertension, each combination, as indicated in
the Introduction, is good for one clinical aspect but not the
other. Thus, while the CCBs plus RAS inhibitors combina-

tion appears to ameliorate cardiovascular prognosis better
than the diuretics and RAS inhibitors combination, it is
less effective in terms of preventing renal Injury. Since
cardiovascular disease is a major cause of death in CKD
patients, the most desirable antihypertensives for the
treatment of CKD are those that effectively suppress both
cardiovascular disease and renal injury. This objective
may be met by combining RAS inhibitors with sympa-
tholytic CCBs. Supporting this is that azelnidipine
combined with olmesartan has a more potent vaso-
protective effect in mice with cuff-placement vascular
remodeling than hydrochlorothiazide combined with
olmesartan [32]. In addition, the J-CORE (Japan-Combined
Treatment with Olmesartan and a Calcium Channel
Blocker versus Olmesartan and Diuretics Randomized
Efficacy) trial demonstrated that azelnidipine plus olme-
sartan ameliorates aortic pulse wave velocity and aug-
mentation index in hypertensive patients better than
hydrochlorothiazide plus olmesartan [33]. Thus, azelnidi-
pine in combination with olmesartan may have cardio-
vasdeular protective effects. This means that azelnidipine
in combination with a RAS inhibitor is expected to
suppress the progression of CKD as well as cardiovascular
disease. This combination may be one of the best choices
for the treatment of CKD patients.

In Japan, azelnidipine is used in combination drug with
olmesartan [22, 23]. This is different from other ARB-CCB
combinations that arc commonly used around the world,
which generally employ amlodipine. The J-FLAG trial will
clarify whether the sympatholytic CCB azelnidipine is a
beneficial sccond-line choices for treating RAS inhibitor-
treated hypertensive patients with CKD, such as diabetic
nephropathy. It may indicate that the olmesartan-
azelnidipine combination is recommended for CKD
patients who frequently have a health-threatening cardio-
vascular disease.

Source of Funding The J-FLAG trial was funded by the Waksman
Foundation of Japan Inc.

Appendix

The J-FLAG (Japanese evaluation between FormuLa of
Azelnidipine and amlodipine add on olmesartan to Get
antialbuminuric effect study) group

Principal Study Coordinator

Toshiro Fujita, Department of Nephrology and Endocri-
nology, Faculty of Medicine, University of Tokyo

Executive Study Coordinator

Katsuyuki Ando, Department of Nephrology and Endo-
crinology, Faculty of Medicine, University of Tokyo
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