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In this article we discuss the available data on the effects of combined therapy of ezetimibe
with agents affecting lipid metabolism other than statins. We consider studies evaluating the
effects of combined therapy of ezetimibe with bile acid sequestrants, fenofibrate, niacin, n-3
fatty acids, plant sterols, orlistat, metformin, acarbose and glitazones. Combination of
ezetimibe with bile acid sequestrants (especially colesevelam) was shown to have additional
effects on lipid parameters in patients with hyperlipidemia. Combination of ezetimibe with
fenofibrate may be a good approach to improve the overall lipid profile of patients with mixed
hyperlipidemia. The addition of ezetimibe to niacin-based therapy can be useful for high-risk
patients with dyslipidemia who are not achieving their assigned treatment goals. For patients
who cannot tolerate statins there are useful combinations of ezetimibe with other drugs
affecting lipid metabolism. These combinations improve many metabolic parameters, but
more trials should be carried out to reach more robust conclusions about their effects on

cardiovascular disease prevention.

Keyworbps: cholestyramine e colesevelam e colestipol e ezetimibe e fenofibrate ¢ n-3 fatty acids e nicotinic acid
e orlistat e pioglitazone e plant stanols e plant sterols e rosiglitazone

Ezetimibe belongs to a class of hypolipidemic
agents, the cholesterol absorption inhibitors,
which inhibit cholesterol absorption from the
intestinal lumen into enterocytes [1]. The molec-
ular target of ezetimibe is the sterol transporter
Niemann-Pick Cl-like 1 protein (NPC1L1) [2.3].
Ezetimibe is formulated as a 10 mg tablet
administered once daily [4].

Ezetimibe lowers LDL-cholesterol (LDL-C)
by blocking the intestinal absorption of dietary
and biliary cholesterol without affecting triglyc-
eride (T'G) or fat-soluble vitamins uptake [5].
A number of ezetimibe-induced pleiotropic
effects have been reported [¢]. Statins represent
the cornerstone of lipid-lowering therapy in
dyslipidemic individuals with high cardiovas-
cular disease (CVD) risk (7). However, a large
number of patients are intolerant to statin
administration [8] or are unable to reach their
assigned LDL-C target despite optimal statin
treatment. These patients could be assisted with
a combination of ezetimibe with other drugs
affecting lipid metabolism. In this article, we
discuss the effects of the combined treatment of
ezetimibe with lipid-lowering drugs apart from
statins (TaBLe 1).

Methods

We searched PubMed up to December 2010
using combinations of the following keywords:
ezetimibe, fenofibrate, fenofibric acid, bile acid
sequestrants, colestyramine, cholestyramine,
colestipol, colesevelam, nicotinic acid, niacin,
n-3 fatty acids, omega-3 fatty acids, thiazolid-
inediones, glitazones, pioglitazone, plant sterols,
plant stanols, phytosterols, orlistat, sibutramine,
acarbose, safety. Randomized controlled trials,
original papers, review articles and case reports
are discussed in this article. References of these
articles were scrutinized for other relevant articles.

Ezetimibe plus bile acid sequestrants

The available bile acid sequestrants (BAS)
include colestyramine (cholestyramine),
colestipol and colesevelam hydrochloride (HCI)
(1. BAS bind to bile acids (BAs) in the intestinal
lumen, resulting in bile acid pool depletion and
upregulation of hepatic cholesterol 7-o-hydroxy-
lase (CYP7A1). The result is an increase in the
conversion of cholesterol to BA, a subsequent
decrease in the hepatic cholesterol pool and,
finally, increase of the hepatic LDL receptors,
which leads to increased LDL clearance [9-11].

www.expert-reviews.com

10.1586/ERC.11.4

© 2011 Expert Reviews Ltd

ISSN 1477-9072 355



ihodimos & Elisaf

imi

Agouridis, Filippatos, Ts

[97]

[o€]

[#1]

[e1]

[o1]

[s1]

ss',G | L- :usboulquy
‘ss44€°LT- :d¥DSY

‘s51,9'6+ VOV ‘sl 9Z- :gody

‘ss147’0€- :D-1QH-UON
+6'GZ- 'd¥Dsy

‘554G 'LE- "0nel [yody/gody

‘s VE- “0nel D-1aH DL
‘sg:€ €€~ 1gody

‘s54C’9€- :D-1H-UON
8L E- 1gody

LS+ tvody

s6¢- ‘0led D-1aH/DL

9'8¢- ‘olel 5-1dH/>-1dH-uou

“+/€- "011el D-1aH/D-1aT
+8'8¢- :D-1QH-UON

ss/'9+ |v0odV ss/ 72~ :gody

“ss£'9¢- :D-10H-UON

7z ‘gody
Ip/Bbw 001S

196Je1 D-1a7 3Y1 pansiyde siusied
40 %08 "+1'L€E- :D-1QH-UON

#6lT

«STLLT

sOL+

s~

Ll

G+

ssu - ss'st (-

+€°8€- 5540°L -

b7°SC T

s7L- s81L-

€6lt 45

ss€°0C

9e+ Sl-

9L

ss++7'0C-

ss+C 9E-

b9 VE-

161"

554G'LE-

ss€ CE-

+C V-

S399M 7|

S3IIM 7|

SEENe]

skep /S
F /0l

Sy9am 9

SEEWNe]

SY99M 7|

syiuow ¢

ol

ol

ol

ol

ol

ol

ol

ol

Aep/bw 09|
91eIqIous4

Kep/buwi Gpr|
31elqious

Kep/buwi 09|
91eIqIous4

Aep/b G80°€
|DH WEe[RA9S3|0D

Rep/b G/ €
|DH WEe[RA9S3|0D

Rep/b g€
|DH WEe|aA3s3]0D

Rep/b g€
|DH WEe|SA3s3]0D

Rep/6 G/°€
|DH We[pA359|0D)

“9DUBIBJWINDIID ISIBAA 1D
‘PPE DN YN ‘SePUSdAIBLL D] {|0181S3|0YD (10 D1 ‘SNH||aW sa1aqelp z 9dAL (NAZL 1d7 SSUSP [[BWS TQTPS ‘8SPUOXORIR] L NOd ‘SWOIPUAS dIj0grIaIAl (SIBIN ‘“y asedijoydsoyd paieposse-uisoidodi “y1d-d]
!(e)uizroidodiq :(e)dT ‘uieroidodi| :d7 {j0491S910Yd-1@7 :D-1Q7 ‘U19104d 9AIIDBRI-D) AUAILSUSS-UDBIH 1dYDSY JUSWSSISSE [9POW SISPISOSWOH INOH [0491S9]0Yd-1aH :D-T1aH ‘9PLOJYd04pAH :|DH ‘utsloidodijody :ody
*UI1}RISBAIO1B/DQIWIIDZD SNSIAA GO0 > dyy
‘Adeiayiouow snsIan G0°Q > dss

‘0gade|d snsiaA 1000 > dyy

‘ogade|d snsian 100 >d,,

‘0qade|d sns1an GO0 > d,

'3UI9Seq SNS1aA 000 > dy

"QuI|9seq snsIaA 100 > ds

‘dUI|9seq SNs1aA GO0 > d,

‘PAUONUBW SIMIBY3IO0 1dIXD ‘JUSWILSI] UOI}RUIGUIOD Y} Ul dUIISE] SNSIDA UOI}dNPA. IO 3sealdul abeiuadiad ay) ssaldxa sanjea,

elwapidipadAy paxiw
yum syuained gz9

SIBIN 3y} pue
eiwapldiisAp q|| adAy
yum syusned 09

elWR|0Ja1saj0yd4adAy
pajuswndop
yim syusied e

$123[gns dIwa
-|o43s9j0YdIadAy €€

elwapidiadAy

paxiw g|| 9dAy

yym sjuaiied inoj pue
BIWS|0J31S3|0YdIadAy
VI 8dA1 yum

syuaied ybi3

eIWS|0J}S3|0YdIadAy
Arewnd yum
siusied 9g

sjuaied diwe
-|0431s9j0YdIadAy 07

SIBIN Y}
10 N@ZL Yym syusied
1URI9|OIUI-UIIE}S 9|

(5007) 1812
Jaluie

(6007) e 19
Janbsuy

(6002)
‘Je 13 Jewny|

(#002) /e 19
siepAx

(5002)
‘[e 1o ey

(9002)
‘e 12 sheg

(9002) /e 19
ddouy

(£002)
/e 19 SI9AY

*,suneis wouy ede sbnip Huuamol-pidi] Yim aqiwiazs Jo Jusweal) pauiquiod ay} Jo S19443 'L d|qeL

Expert Rev. Cardiovasc. Ther. 9(3), (2011)

356



iew

d metabolism | 1=/

lipi

ing

be with nonstatin drug regimens affecti

imi

Combinations of ezet

‘@dUs4a4wndIId 1SIBAA (DA

‘PE DN YN ‘SepUSdAIBLL 1D {[0181S3|0YD [BI0] DL ‘SNHj|aW sa13qelp 7 3dAL (NAZL 1d7 SSUSP [[PWS QTIPS ‘8SPUOXORIR | NOd ‘SWOIPUAS dIjogeIaIA (SIBIN (“y asedijoydsoyd paieposse-uiRoidodi] oy 1d-d]

!(e)ursosdodi :(e)dq ‘utsyoudodi

[ev] 4l '6F- 1800V 1449°GG- :D-1AH-UON

10~ d¥D
‘uit-190dy | 171S- 1D-1AQH-UON

146°9€- :d¥D
lo¥] ‘nltPy-:90dv ' 1'0G- :D-1AH-UON

+C €L~ :usbouniqy
“s511€°8E- 1d¥DSY 'ssyi L T~ 1gody
l6€] 'ss1:G°0G- :D-TAH-UON

-1a7 ‘8- :11-1a1 ‘8¢- 11-1d1
‘8 TL+ /1A fEZ- -y

[s€] Y1 vody Lz lI-Dody
€'GZ- :d¥DsY 'L'0L+ (vody

'ss¢°G¢- 1900V '559'LE- :D-1AH-UON

554 E-

wElt

VA 4y

no'Llt

nl'8lLt

#C”

5§60+

swelted JaYy10 (%) D-1aH

:d7 !|o1s1s910Yd-1@7 :D-1d7 ‘u1sroid SAIdRSI-D ALARISUSS-UBIH :d¥DsY

‘JUBUISSISSE [9POW SISLISOBWOH VY INOH

i

!]0439159|0Y2-1aH :D-1AH ‘@pHOJYd04pAH :|DH ‘utszoidodijody :ody

“UI1R1SPAIOLR/8QIWISZD SNSIBA GO'0 > dyy
‘Adeiayyouow snsIan GO°Q > dss

‘og@de|d snsiaA | 000 > dyy

‘ogede|d snsiaA |00 > d,,

‘ogade|d snsian GO0 > dy

'9UI[9Seq SNSIDA | 00°0 > dy

‘auljaseq SNsIaA |00 > ds

*3UII9Seq SNSI9A G0°0 > d,

"PaUOIIUBW BSIMIBYIO 1daDX3 ‘JUBLIIEAI} UOITRUIGUIOD BU} Ul BUI[3Se] SNSI9A UOIINPaJ 10 3sealdul abejuadiad ay) ssaidxa sanjep,

YA

Ly 8- 1G'9¢-
106§~ 116'8€-
ss140G-  ssuul'8E-

sl CE- ss48°LC

ss917- ssC EC

(%) 51

SYeam 7|

SYOIM 7|

SHOIM 7|

SYeam 7|

skep p|

SYoaM gt

Rep/bw Ot
uneisealole
+0l
aqIwinezy

0¢
UNeISeAWIS

+0l
aqiwnazy
0¢
uneISeAWIS
+

0l aquunez3
0¢
Ue1SeALIS
+ 0l
aqiwnazy

ol

ol

(Aep/bw)

9S0p pa491siulwpeod
(%) D1 (%) D-1@71 uomieing qiwiazg

Aep/buwi g€

pe duquoudy

elwapidi|sAp paxiw
yum syusned g4

(0102)
/e 18 sauof

pide d1qijousdy snid uieiseiole/aqiwiiazy

Aep/bw 09|

d1eiqgijous

Aep/bw 09|

d1eiqIou

Aep/buwi 09|

d1eiqgijous

SIBIN INOYIM
syuaied diwapidiadAy
paxiw /ze

SIBIN YuMm (£007) 18 19
syuaned diwapidipadAy  eiswLIIXT

psxiw 08¢ -I'S

elwapidipuadAy paxiw (£007) 7€ 39
yum syusned |19 Ja1uled

21e.q1joudy snjd urreIseAwrs/aqiwiiaz3

Kep/bw 00z
wum._n_u_bcwu_

Kep/bwi 09|

d1eiqlyous

B1W3|0131539|0YdIadAy
Arewnd (¥007) /e 39
yum s1a3lgns zg no|6osoy|
elwspdiadAy paxiw (900¢) /e 1o
yum syusned 9/G  ASUuaddN

('2u02) are.qlyoudy snyd aqiwiiazy

(s)bnip

Jo asoq

(1e3h)

uone|ndod Apnig Apnis

*,sunels wouy yiede sbnip Buidamol-pidi] Yiim aqiwiazs Jo Jusawijeal) pauiquiod 3y} Jo s394 °L 3|qel

357

WWW.expert-reviews.com



Review Agouridis, Filippatos, Tsimihodimos & Elisaf

“92UBIBJUINDII ISIBAA DM
‘PPE DN YN ‘SepUSdAIBLL D] {[0181S3|0YD [BI0) DL ‘SNijjaW sa13qelp 7 9dAL (NQZL 1d7 SSUSP [[PWS ITQTPS ‘8SPUOXORIR | NOd ‘SWOIPUAS dIj0grIBIA (SIBIN (“y asedijoydsoyd paieposse-uioidod] oy 1d-d]
!(e)ursroudodi :(e)dq ‘uteroudodi| :d7 {|ous1S8|0Y2-1@7 :D-1A7 ‘uUIS104d 8AIdRSI-D) ANAINISUSS-UBIH :dYDSY JUSUISSISSe [9POW SISBISOBWOH 1\/|NOH |049159|0UD-1aH :D-1dH ‘9pLO|Y20IpAH :|DH ‘uteroidodijody :ody
*UI}1BISEAIO}R/2qIWIIDZA SNSI9A GO0 > dyy

‘Adeiayyouow snsian G0°Q > dss

‘ogade|d snsiaA | 000 > dy

‘ogede|d snsiaA |00 > d,,

‘ogade|d snsian GO0 > dy

‘aul|aseq snsIsA | 000 > dy

"9UI|9seq SNSIaA L0 > ds

*3UI|9Seq SNSI9A G0°0 > d,

‘PAUONUBW BSIMIBUIO0 1d90XD ‘JUSWILSI] UOIJPUIqUIOD Y] Ul SUI9SE] SNSIDA UOIIINPA. JO 3sealdul abeiuadiad ay) ssaldxa senjea,

ss'sZ- VN ‘ss'sGE- :XOPUI VINOH
';11- :ones |yody/gody ‘9- :|yody
's550C- 1900V ‘5559~ DM

‘5501~ 2INE ‘sg's01- 23yBremApoq

‘sg'sGC- “AUIAINDE “y71d-d7 [e101 eIWS|0J3153|0YDIadAY
sst L+ 191awelp g7 uesw Ajlep sswi-s94y1 yim syuaied (8002)
[29] ‘sg59/- :D-1A1PS 9- €T 55590 ssC€- SYUOW 9 0L Bw ozl eSO 9S3G0/1YBIoMIaN0 98 /e 19 NOXeN
1e3sijio snyd aqiwiyezg
elwapidi|sAp
yym syuaned
959q0/1yblamisno
Aep e sawi} 991y} juela|olul-uilels (6007) /e 1o
2] sC°G- DM 's9°8- 1IINg slvl- sP'8¢-  sywuow g 0L Bw gl @IS0 dl}agelpuou 0g unusalol4
1e3sijio snid aqiwiaz3
-t bl 48L- WG suswibai paseq (9007) 7219
[9%] [BUORIPPY  [EUOIHIPPY [EUORIPPY  [EUOIIPPY 0L Aep/b z uelN suaned g 4osa|3f
8'8¢- 1YY
'ss1°05- ‘onel [yody/gody
'5s9°/+ 1Iv0dY 559/~ :gody
‘ss1°L9- 0111 D-TdH/D-1aH-uou 0z
'ssG°79- ‘0nel D-1aH/D-1d1 uneISeAwIs
‘sst" 8- ‘01t D-1aH/DL +0l elwsapidiadAy gji/el (0102)
(8%] 'ss7'2G- D-1aH-UON G0+ 5sG - ¥'GE- sstS- SfeIM 9 equunezg  Aep/B z upelN  9dAy yum siusned zpe /e 19 olzed
sst7'87- :d¥DSY
'ss€'G- ‘onel [yody/gody
L1+ :vody ssl 8- :gody
'§59'€9- :011_1 D-TdH/D-1QH-uou (014
'ss1°99- olled D-1aH/D-1a1 uneiseAwls elwspidipadAy (8002)
‘sst’0G- 0liel D-1aH/DL + 0l qli/e|| 8dAy e
7] '§59°'GG- :D-1AH-UON zog+ 5sG - 556°LE- 556’85~ SY9AM pz  8qunezy  Aep/6 z upeiN yum swuaned ozzl uo1Ang

upeju snyd aqi
(Aep/bwi) (s)bnup
9SOp paJajsiuipeod
10 (%)D-1aH (%) DL (%) DL (%)D-1d1 uoneing 9qiwniezl 40 9s0( ndod Apmg Apmig

*,sunels wouy yiede sbnip Burdamol-pidi] Yyiim aqiwiazs Jo Jusawijeal) pauiquiod 3y} Jo s394 °L d|qel

Expert Rev. Cardiovasc. Ther. 9(3), (2011)

358



Combinations of ezetimibe with nonstatin drug regimens affecting lipid metabolism

(67]

HDL-2: +4; HDL-3: -95;

i
v
=
=)
i ©0
rd :
£
o
.
(¥
L od +
S m
© o~
o :
©
(%]
()] -
2 4
©
° N
(o))
c
=
2
) &
1 m
.-9 1
2 «
- =
= c
= o
3 (=
©0
[}
2
E
=)
Q
N
v o
o =
o
t o
[} £
E 2
@ .
g =
+ k%)
5 o
£
Q0
£ 4
o]
S S
w +
= S
- o
© s
s 5
o ©0
(=4 (ee]
[+
L —
. ©
S b
@ =}
2 2
©
- pzd

HDL-Lp-PLA, activity: -7; HDL-Lp-

three-times daily

patients with

(2008)

PLA, activity/LDL-C ratio: +3155;

hypercholesterolemia

extended
study

PON1: -12; PON1/LDL-C ratio: +215

ApoC-Il: -12.5%; ApoC-lIl: -138

(72]

10 6 months -325%58 -26558 -23% -6

Orlistat 120 mg
three-times daily

Nakou et al. 86 overweight/obese

(2010)

patients with

hypercholesterolemia

extended
study

[52]

10 4 weeks  -25.2F -17.5¢ -11.7 -1

25 g/day spread

40 patients with mild

Jakulj et al.
(2005)

containing 2.0 g
of plant sterols

hypercholesterolemia

*Values express the percentage increase or reduction versus baseline in the combination treatment, except otherwise mentioned.

*p < 0.05 versus baseline.

5p < 0.01 versus baseline.

p < 0.001 versus baseline.
#p < 0.05 versus placebo.

p < 0.01 versus placebo.

*p < 0.001 versus placebo.

8p < 0.05 versus monotherapy.

*#p < 0.05 versus ezetimibe/atorvastatin.

Apo: Apolipoprotein; HCl: Hydrochloride; HDL-C: HDL-cholesterol; HOMA: Homeostasis model assessment; hsCRP: High-sensitivity C-reactive protein; LDL-C: LDL-cholesterol; Lp: lipoprotein; Lp(a): Lipoprotein(a);

Lp-PLA,: Lipoprotein-associated phospholipase A,; MetS: Metabolic syndrome; PON1: Paraoxonase; sdLDL: Small dense LDL; T2DM: Type 2 diabetes mellitus; TC: Total cholesterol; TG: Triglycerides; UA: Uric acid;

WC: Waist circumference.

The combined administration of BAS with
ezetimibe, drugs that act at the level of the gas-
trointestinal system, is interesting.

Ezetimibe plus colesevelam

In a multicenter, randomized, double-blind, pla-
cebo-controlled study, 86 patients with primary
hypercholesterolemia received colesevelam HCI
3.8 g/day plus ezetimibe 10 mg/day or coleseve-
lam HCI placebo plus ezetimibe 10 mg/day for
6 weeks [12]. The primary efficacy end point was
the mean percent change in LDL-C during ran-
domized treatment. After 6 weeks of treatment,
ezetimibe plus colesevelam HCl reduced LDL-C
by 32.3% compared with a 21.4% reduction with
ezetimibe monotherapy (p < 0.0001). In addi-
tion, ezetimibe plus colesevelam HCI signifi-
cantly reduced total cholesterol (TC) by 20.3%,
non-HDL-C by 26.7%, apolipoprotein (Apo)B
by 22.7% and increased ApoAl by 6.7% when
compared with ezetimibe monotherapy (-14.4,
-19.5, -14.8 and 1.3%, respectively; p < 0.005
between treatment groups). Neither treatment
resulted in significant changes in median TG
levels compared with baseline (p = not signifi-
cant). It should be noted that 25.6% of patients
receiving ezetimibe plus colesevelam versus 9.3%
of patients receiving only ezetimibe experienced
gastrointestinal side effects. However, these side
effects typically resolved for most patients with
longer term use of colesevelam [12].

In an open-label study, eight patients with
primary hypercholesterolemia and four patients
with mixed hyperlipidemia after 6 weeks of treat-
ment with colesevelam 3.8 g/day or ezetimibe
10 mg/day were administered combination ther-
apy with both agents for another 6 weeks [13].
Combination therapy further reduced LDL-C
and non-HDL-C concentrations by approxi-
mately 20 and 16%, respectively (p < 0.01 com-
pared with monotherapy). HDL-C and TG levels
did not change significantly during the study [13].

The addition of ezetimibe 10 mg/day in
40 patients already on stable treatment with a
BAS (33 of them on colesevelam) resulted in sig-
nificant reductions in TC by 18% (p < 0.001),
LDL-C by 19% (p < 0.001) and TG plasma
levels by 14% (p = 0.03), whereas HDL-C was
nonsignificantly reduced by 4% [14]. No patient
discontinued treatment during follow-up and the
combined treatments were well tolerated [14].

In conclusion, colesevelam/ezetimibe combi-
nation therapy seems to be an efficacious alterna-
tive for statin-intolerant patients [15]. However,
a study with nonsignificant results should be
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mentioned. In total, 20 patients with LDL-C levels 2130 mg/dl
were randomly allocated to receive ezetimibe 10 mg/day with pla-
cebo twice daily or ezetimibe 10 mg/day plus 1.875 g colesevelam
HCl twice daily [16]. After 12 weeks of treatment, ezetimibe plus
colesevelam reduced LDL-C by 30%, TC by 15%), non-HDL-C
by 21% and ApoB levels by 22%, whereas TG levels were raised
by 36%. However, these results were not significantly different
compared with ezetimibe monotherapy (-24, -19, -25, -22 and
-19%, respectively; all p = nonsignificant between two groups,
except for TG levels at 6 weeks; p = 0.009 [16]. The discrepancies
observed in the studies examining the ezetimibe—BAS combina-
tion could be due to the same site of action (intestine), which
could reduce the additive effect of these drugs in some patients.
However, it should be noted that the LDL-C reduction in the
study with the nonsignificant results was 30% [16], similar to the
reduction observed in other studies [12]. Hence, the nonsignifi-
cant result may be due to the smaller number of patients (n = 20)
compared with the studies that showed significant differences.

Ezetimibe plus colestipol or cholestyramine
There are no studies specifically examining ezetimibe/colestipol
or ezetimibe—cholestyramine administration.

Ezetimibe plus fibrate

Fenofibrate belongs to a class of drugs that activate specific tran-
scription factors known as PPARa [17]. These drugs reduce the con-
centration of plasma TGs by 30-50% and raise the level of HDL-C
by 2-20%, with a variable effect on LDL-C concentration [17-24].

Ezetimibe plus fenofibrate

Ezetimibe and fenofibrate coadministration has been shown to
improve lipid and lipoprotein profile 25]. For example, fenofi-
brate plus ezetimibe combination therapy was evaluated in
625 patients with mixed dyslipidemia who were randomly allo-
cated to receive placebo, ezetimibe 10 mg, fenofibrate 160 mg,

30 —
20
10
9
@
)
& -10-
<
G
o
2 20 1
a
_30 -
[ ] Placebo
-40 Ezetimibe
I Fenofibrate 43 44
-50 = | W Ezetimibe/fenofibrate

Figure 1. Alterations of lipid profile with ezetimibe/fenofibrate combination in

patients with mixed hyperlipidemia.

HDL-C: HDL-cholesterol; LDL-C: LDL-cholesterol; TC: Total cholesterol; TG: Triglycerides.

and fenofibrate 160 mg plus ezetimibe 10 mg for 12 weeks
(26]. Plasma concentrations of LDL-C (-20.4%), non-HDL-C
(-30.4%) and ApoB (-26.1%) were decreased significantly more
with the combination treatment compared with both mono-
therapies (p < 0.001 for all) (Ficure 1). Median TG reduction was
greater with combination therapy compared with fenofibrate
alone (p = 0.02) 26]. On the other hand, there was no signifi-
cant difference in the reductions of high-sensitivity C-reactive
protein (hsCRP) and fibrinogen levels between the fenofibrate
plus ezetimibe and fenofibrate-alone groups [26]. In a 48-week
double-blind extension study (n = 576), patients in the fenofi-
brate/ezetimibe and fenofibrate groups continued on their
respective base study treatment, while patients in the ezetimibe
and placebo groups were switched to fenofibrate/ezetimibe and
fenofibrate, respectively [27]. Fenofibrate/ezetimibe combination
therapy produced greater changes in LDL-C (-22.0 vs -8.6%)
non-HDL-C (-31.6 vs -19.4%), TG (-46.0 vs -41.8%), HDL-C
(20.9 vs 17.8%) and ApoB (-25.2 vs -16.2%) levels compared
with fenofibrate alone [27]. It seems that the mode of action of
ezetimibe (i.e., inhibition of intestinal cholesterol absorption)
is additive to fenofibrate-induced PPAR«. activation and leads
to complementary effects on lipid and lipoprotein metabolism.

In a recent post hoc analysis (625 patients with mixed dyslipi-
demia), the combination of ezetimibe with fenofibrate resulted in
generally similar effects on LDL-C, ApoB and non-HDL-C levels
in patients with or without the metabolic syndrome (MetS) [23].
By contrast, ezetimibe monotherapy resulted in greater LDL-C
and ApoB reduction in the MetS group compared with patients
who did not fulfil the criteria for the diagnosis of the MetS group
(p < 0.05 for both) [23).

The hypolipidemic effects of ezetimibe/fenofibrate combina-
tion have been directly compared with statins. In a randomized,
unblinded crossover study, 43 hypercholesterolemic patients
received fenofibrate 160 mg/day plus ezetimibe 10 mg/day or
atorvastatin 10 mg/day for 6 weeks [29]. LDL-C and TC levels
were similarly decreased and HDL-C levels
were similarly increased. In fact, the com-
bination therapy showed a trend towards a
greater reduction in TG levels.

In another randomized, double-blind
study, 60 patients were randomized to
fenofibrate 145 mg, ezetimibe 10 mg or
both daily for 12 weeks [30]. Combination
treatment significantly reduced, compared
with either monotherapies (p < 0.001 for
all comparisons), the LDL-C, TC, non-
HDL-C, ApoB and ApoB/ApoAl ratio.
Among patients with low HDL-C at
baseline, normalization of HDL-C was
observed in significantly more patients
receiving fenofibrate/ezetimibe (52.9%)
or fenofibrate (58.8%) compared with
ezetimibe alone (20.0%) [30].

Among LDL subspecies, small dense
LDL (sdLDL) particles are considered the

19 19
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most atherogenic [31-33]. A study evaluated the effects of ezetimibe/
fenofibrate combination on lipoprotein subfractions and LDL par-
ticle size distributions [34]. The combination treatment resulted in
a preferential decrease in dense LDL subfractions [34]. In another
study, fenofibrate/ezetimibe was comparably effective to fenofi-
brate and more effective than ezetimibe in reducing remnant-like
particle cholesterol (-36.2 and -30.7 vs -17.3%, respectively), and
in increasing LDL size (2.1 and 1.9 vs 0.7%, respectively) and
ApoAll (24.2 and 21.2 vs 2.7%, respectively) [30].

Furthermore, combination therapy has been reported to sig-
nificantly decrease plasma levels of ApoC-III (-27.4%; p < 0.05
compared with placebo) and sdLDL particles (-37%; p < 0.05
compared with ezetimibe or fenofibrate monotherapy, or pla-
cebo) 35]. Reductions in ApoC-III levels result in increases in the
catabolic rate of TG-rich particles [36].

Although the coadministration of ezetimibe with fenofibrate
increased the bioavailability of ezetimibe [3537.38], there is no
evidence of increased rate of adverse events of this combination
compared with monotherapy treatment [26,27.30,34].

Ezetimibe/simvastatin plus fenofibrate

In a randomized, double-blind, placebo-controlled study,
611 patients with mixed hyperlipidemia received ezetimibe/sim-
vastatin 10/20 mg plus fenofibrate 160 mg or ezetimibe/simvas-
tatin 10/20 mg or fenofibrate 160 mg, or placebo [39]. The triple
combination resulted in a significantly greater LDL-C reduction
compared with fenofibrate or placebo, but not compared with
ezetimibe/simvastatin. Furthermore, the triple-combination treat-
ment increased the HDL-C concentration significantly more com-
pared with ezetimibe/simvastatin, but not compared with fenofi-
brate alone. Triple combination also resulted in a greater reduction
in TG, non-HDL-C and ApoB levels compared with the other
treatments (p < 0.01 for all comparisons) [39). Ezetimibe/simvas-
tatin plus fenofibrate led to significant reductions in hsCRP and
fibrinogen levels [39]. These results were consistent even when mixed
hyperlipidemic patients were divided according to the presence or
not of the MetS [40].

An extension of this study examined the effects of the tri-
ple combination on lipoprotein subfractions and LDL particle
size [41]. Ezetimibe/simvastatin plus fenofibrate led to greater
reductions in VLDL, IDL and LDL, a greater decrease in more
dense LDL subfractions, and a greater increase in the cholesterol
mass of HDL compared with ezetimibe/simvastatin.

Ezetimibe/atorvastatin plus fenofibric acid

A newer fibrate formulation, fenofibric acid, which was recently
approved by the US FDA, is the choline salt of fenofibrate.
Fenofibric acid is not a prodrug and does not undergo first-
pass hepatic metabolism [42]. In a recent double-blind study,
543 patients with mixed dyslipidemia were randomized to ator-
vastatin 40 mg plus ezetimibe 10 mg with or without fenofibric
acid 135 mg for 12 weeks [43]. Although both treatment groups
lowered LDL-C by more than 50%, fenofibric acid plus atorvas-
tatin/ezetimibe led to greater reductions in TG, non-HDL-C and
ApoB levels (-57.3, -55.6 and -49.1%, respectively) than placebo

group (-39.7. -51.0 and -44.7%, respectively; p < 0.001 between
groups) [43]. Fenofibric acid plus atorvastatin/ezetimibe led also to
a significantly greater increase in HDL-C levels when compared
with placebo group (13.0 vs 4.2%; p < 0.001) [43].

Ezetimibe plus niacin

Nicotinic acid (niacin) has beneficial effects on lipid and lipopro-
tein profile. It is the only drug that particularly reduces lipopro-
tein-(a) (Lp[a]) plasma levels [44]. Recently, the combination of
extended-release niacin with laropiprant (an antiflushing agent)
in a fixed-dose tablet has been shown to reduce flushing, that is
commonly observed with niacin [4s].

The ezetimibe/niacin combination has not been studied in
randomized trials. In a retrospective review of medical records,
53 patients received ezetimibe as add-on therapy to stable doses
of niacin and other lipid medications [46]. The niacin formulation
was extended release in 31 patients (58 %), immediate release in 17
(32%) and slow-release in five patients (9%). Most patients (75%)
were also taking a statin. The addition of ezetimibe resulted in
reductions of TC (-18%; p < 0.001), LDL-C (-25%; p < 0.001)
and TG (-17%; p < 0.001) levels. In total, 24 patients (45%;
p < 0.001 compared with baseline) met Adult Treatment Panel ITT
(ATP III) LDL-C goals with the addition of ezetimibe compared
with seven patients at baseline.

Ezetimibe/simvastatin plus niacin

In a randomized, double-blind study the combination of ezetimibe/
simvastatin plus niacin was examined. In this study, 1220 patients
with type Ila/IIb hyperlipidemia received ezetimibe/simvasta-
tin (10/20 mg) or niacin (up to 2 g), or both, for 24 weeks [47].
The triple-combination therapy resulted in significantly greater
reductions in LDL-C, non-HDL-C, TG and ApoB levels
compared with monotherapy (p < 0.001) and in significantly
greater improvements in HDL-C and ApoAl compared with
ezetimibe/simvastatin (p < 0.001). The triple combination also
reduced hsCRP levels to a greater degree than niacin (p = 0.005). It
should be noted that a greater portion of patients discontinued the
study owing to clinical adverse events (primarily flushing) in the
niacin (25.0%) and triple-combination (23.3%) groups compared
with ezetimibe/simvastatin (9.6%; p < 0.001) [47].

After completing the previous 24-week randomized, double-
blind base study [47], 942 patients entered in a 64-week double-
blind extension study [48]. In the extended study, patients were
allocated to receive ezetimibe/simvastatin (10/20 mg) plus niacin
(up to 2 g) or ezetimibe/simvastatin (10/20 mg) for 64 weeks, or
niacin (up to 2 g) for 24 weeks and then ezetimibe/simvastatin
(10/20 mg) plus niacin (2 g) or ezetimibe/simvastatin (10/20 mg)
for an additional 40 weeks [48]. Ezetimibe/simvastatin plus niacin
resulted in significantly greater improvements in HDL-C, TG,
non-HDL-C, LDL-C, ApoB and ApoAl levels compared with
ezetimibe/simvastatin (p < 0.004). The most common adverse
event related to niacin, flushing, led to a greater rate of discon-
tinuations in the triple combination group (10.3%) compared
with ezetimibe/simvastatin alone (0.7%; p < 0.001). The fast-
ing glucose levels increased during the first 12 weeks (ezetimibe/
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simvastatin +3.2 mg/dl, triple combination +7.7 mg/dl) and
gradually decreased to pretreatment levels at week 64 in both
groups. The occurrence of new-onset diabetes was 3.1% for the
ezetimibe/simvastatin and 4.9% for the ezetimibe/simvastatin
plus niacin group [48].

A recent subgroup analysis of the aforementioned study showed
that the triple combination is generally a safe treatment option for
patients with Type 2 diabetes mellitus and the MetS, although it
requires monitoring of glucose and uric acid levels [49].

A recent study showed that there is a small pharmacokinetic drug
interaction between extended-release niacin and ezetimibe/simva-
statin, probably with no clinical significance [s0]. However, patients
receiving this drug combination should be monitored carefully.

Ezetimibe plus plant sterols

Dietary phytosterols and phytostanols reduce LDL-C levels and
exert many other effects on atherosclerotic risk factors [s1]. In
a double-blind, placebo-controlled crossover study, 40 patients
with mild hypercholesterolemia were randomized to ezetimibe
10 mg/day combined with control spread 25 g/day; or ezetimibe
10 mg/day combined with spread 25 g/day containing 2 g of
plant sterols; or control spread 25 g/day containing 2 g of plant
sterols; or placebo treatment consisting of 25 g/day control
spread for 4 weeks [52]. Combination treatment of plant sterols
and ezetimibe reduced LDL-C by 25.2% (p < 0.001) and TC
by 17.5% (p < 0.001) compared with placebo, but there was no
significance compared with ezetimibe monotherapy (p = 0.13).
This nonsignificant result may be due to the similar mode
of action of these drugs — that is, the inhibition of intestinal
cholesterol absorption.

High-density lipoprotein cholesterol and TG levels were not
altered significantly by any treatment. Similar alterations were
observed on concentrations of the cholesterol precursor lathosterol
and the cholesterol-absorption markers cholestanol, sitosterol and
campesterol, as well as the ratios of the noncholesterol sterols to
cholesterol [52].

Ezetimibe & anti-obesity drugs

Ezetimibe plus orlistat

Orlistat is a licenced anti-obesity drug that inhibits intestinal
lipases, which are responsible for the breakdown of dietary TGs
into fatty acids and monoglycerides [53,54]. This drug has a well-
established hypolipidemic activity and decreases LDL-C levels to
a greater degree than expected from weight loss alone. Orlistat,
alone or combined with hypolipidemic drugs, also has beneficial
effects on other metabolic variables [53,55-61].

In a study performed by our group, 86 overweight and obese
patients with hypercholesterolemia were randomly assigned to
orlistat 120 mg three-times/day, ezetimibe 10 mg/day or both
for 6 months [62]. Ezetimibe plus orlistat significantly decreased
(p <0.05) LDL-C levels by 32% compared with orlistat (-19%)
and ezetimibe monotherapy (-21%). The atherogenic sdLDL-C
concentration decreased significantly more with the combi-
nation treatment (-76%) compared with orlistat (-45%) and
ezetimibe (-48%; p<0.05). Furthermore, ezetimibe plus orlistat

led to significant reductions in BMI, homeostatic model assess-
ment (HOMA) index, serum uric acid and transaminase activi-
ties. Lipoprotein-associated phospholipase A activity (LpPLA ;
an enzyme that degrades oxidatively fragmented phospholipids,
is mainly associated with ApoB-containing lipoproteins, and
may play a role in atherogenesis [63-66]) decreased significantly
more with the combination treatment compared with either
orlistat or ezetimibe monotherapy [¢2]. In an extension study,
plasma HDL subclasses and HDL-associated enzyme activities
were assessed [67]. HDL-C and ApoAl levels did not change
significantly in any group. In the combination group, HDL-2
subclass did not significantly change, while the cholesterol
concentration of the HDL-3 decreased significantly. Similar
results were observed in the ezetimibe group, whereas in the
orlistat group, the cholesterol concentration of the HDL-2 sub-
class increased significantly and the cholesterol of the HDL-3
subclass decreased significantly. A nonsignificant decrease in
the HDL-LpPLA, (the small proportion of the enzyme that
is associated with HDL and has atheroprotective role) and
paraoxonase-1 (PONI; an esterase present in plasma in asso-
ciation with HDL, which retards LDL oxidation and reduces
the proinflammatory properties of oxidized LDL [68-71]) activity
was observed in all groups. However, the ratios of both enzyme
activities to LDL-C levels (an indirect index of the atheroprotec-
tive function of HDL) significantly increased in all groups (67].
Furthermore, the combination group significantly decreased
plasma ApoC-II by 12.5 and ApoC-III by 13% (p < 0.05 for
both). Similar results were observed in the ezetimibe group,
while in the orlistat group a significant reduction was observed
only in plasma ApoC-III concentrations. In the ezetimibe plus
orlistat group, alterations in ApoC-III levels were independ-
ently and significantly positively correlated with TG lowering
(72]. The additive effects of ezetimibe and orlistat are interest-
ing, since these drugs act in the intestine and inhibit lipid and
cholesterol absorption.

In another study, 30 nondiabetic statin-intolerant overweight/
obese patients with dyslipidemia were randomized to ezetimibe
(10 mg/day) plus orlistat (120 mg three-times/day; n = 15) or
rimonabant (20 mg/day; n = 15) [73]. Rimonabant is an anti-
obesity drug that was recently withdrawn due to psychiatric
adverse effects. Ezetimibe plus orlistat led to similar reductions
in bodyweight, BMI and waist circumference in the ezetimibe
plus rimonabant group (p < 0.01 vs baseline for both). Ezetimibe
plus orlistat had a more potent effect on LDL-C levels (-28.4%)
compared with the ezetimibe plus rimonabant group (-15.3%;
p < 0.01 vs baseline for both). However, there was a slight reduc-
tion in HDL-C levels in the ezetimibe plus orlistat group, whereas
in the ezetimibe plus rimonabant group HDL-C levels remained
unaltered [73].

Ezetimibe plus antidiabetic treatment

Ezetimibe plus metformin

Metformin reduces glycated hemoglobin by 0.5-1.5% and
improves lipid profile [74]. In the UK Prospective Diabetes
Study (UKPDS) trial, metformin compared with insulin and
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sulphonylureas decreased the risk of diabetes-related end points in
overweight diabetic patients [75]. There are no studies in humans
examining the ezetimibe/metformin combination treatment.

Ezetimibe plus thiazolidinediones

Thiazolidinediones are antidiabetic drugs that activate the
PPARy receptors. These drugs increase insulin sensitivity and
improve several CVD-related variables [7¢]. In a randomized,
double-blind, parallel group, multicenter study, Type 2 diabetes
mellitus patients on a stable dose of thiazolidinediones for at least
3 months and LDL-C >100 mg/dl prior to study entry, received
open-label simvastatin 20 mg/day for 6 weeks and were then ran-
domized to the addition of either blinded ezetimibe 10 mg/day
(n = 104) or an additional blinded simvastatin 20 mg/day (total
simvastatin: 40 mg/day; n = 110) for 24 weeks [77]. Ezetimibe
plus simvastatin 20 mg reduced LDL-C by 20.8%, whereas the
additional reduction of LDL-C when doubling the dose of sim-
vastatin to 40 mg was only 0.3% (p < 0.001 between groups).
Ezetimibe plus simvastatin 20 mg also produced significant
reductions in non-HDL-C (p < 0.001), VLDL (p < 0.05) and
ApoB levels (p < 0.001), whereas no change was observed in TG
and HDL-C levels [77].

Ezetimibe plus acarbose

Acarbose is an a-glucosidase inhibitor that delays the absorp-
tion of carbohydrate from the small intestine, resulting in reduc-
tion of postprandial hyperglycemia [78]. There are no studies
in humans examining the ezetimibe/acarbose combination. In
a high-fat diet-induced nonalcoholic fatty liver disease mouse
model, a 24-week combination therapy with ezetimibe and acar-
bose significantly reduced steatosis, inflammation and fibrosis
of the liver compared with monotherapy [79]. The combination
therapy also significantly increased the expression of microsomal
TG transfer protein and PPARa in the liver compared with either
monotherapy [79].

Conclusion

This article, based on a PubMed search, focuses on studies
that examined combination regimens of ezetimibe with non-
statin hypolipidemic drugs. Combined therapies including
ezetimibe may be useful for patients intolerant to statins or
unable to reach their assigned LDL-C targets. The combina-
tion of ezetimibe with fenofibrate can be useful in patients with

mixed hyperlipidemia. Moreover, the combination of ezetimibe
with colesevelam appears to be an efficacious and well-tolerated
alternative for patients with hypercholesterolemia. The addi-
tion of ezetimibe to niacin-based therapy can be useful for
high-risk patients with mixed dyslipidemia. The administra-
tion of combined ezetimibe and orlistat treatment improves the
lipid parameters of overweight/obese patients with the MetS.
It should be noted that the effect of ezetimibe with nonsta-
tin regimens has not been extensively studied in large-scale
clinical studies.

Expert commentary & five-year view

Cardiovascular disease events are a major cause of death in
Western countries. A growing number of patients receive hypoli-
pidemic treatment for primary or secondary CVD prevention.
Statin administration is the cornerstone of CVD prevention treat-
ment, with a large number of studies with clinical CVD end
points showing their efficacy. However, a number of patients are
intolerant to statins or cannot reach their assigned LDL-C tar-
gets in the clinical setting. Furthermore, the number of patients
intolerant to statins is expected to increase in the next 5 years in
parallel with the increase in their use for primary or secondary
CVD prevention. The use of nonstatin drug therapies will be
required for these patients. Different drug combinations are use-
ful for these patients. Ezetimibe is a hypolipidemic drug that can
be combined with other drugs with hypolipidemic activity with
limited adverse effects.

There is a growing need for studies examining hypolipidemic
drug combinations. Unfortunately, there are no randomized,
double-blind studies examining drug combinations including
nonstatin hypolipidemic drugs. The absence of randomized stud-
ies on the hypolipidemic treatment of patients intolerant to statins
means that treatment decisions are often based on small studies
or even personal opinions.
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Key issues

e Ezetimibe combinations with lipid-lowering drugs apart from statins may be useful in the clinical setting for patients intolerant to statins

or unable to reach their assigned LDL-cholesterol targets.

e Ezetimibe plus fenofibrate combination can be useful in patients with mixed hyperlipidemia.

e Ezetimibe plus colesevelam combination is efficacious for patients with hypercholesterolemia.

e Ezetimibe plus niacin combination can be useful for patients with mixed dyslipidemia.

e Ezetimibe plus orlistat combination improves anthropometric and lipid variables in overweight/obese patients with the

metabolic syndrome.

e These drug combinations, although useful in the clinical setting, have not been investigated in large, randomized, double-blind studies

with clinical end points.
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