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CUNICAL INVESTIGATIONS

Cire J 2005, 69: 515-520

Efficacy of Colestimide Coadministered With Atorvastatin
in Japanese Patients With Heterozygous
Familial Hypercholesterolemia (FH)

Masa-aki Kawashiri, MD; Toshinori Higashikata, MD; Aisushi Nohara, MD;
Junji Kobayashi, MD*; Akihiro Inazu, MD**;
Junji Keizumi, MDT; Hiroshi Mabuchi, MD

Background Colestimide, a 2-methylimidazole-epichlorohydrin polymer, is a new bile-acid-sequestering
resin, that is 4-fold as powerful at lowering low-density lipoprotein cholesterol (LDL-C) as the conventional
resin {cholestyramine). Moreover, colestimide has excellent patient compliance because it is available in tablet

form.

Methods and Results The clinical efficacy of colestimide coadministered with atorvastatin on lipid and
apolipoprotein concentrations was examined in 15 patients (M/F=10/5, mean+SE age=54+9 vears) with
heterozygous familial hypercholesterclemia (FH). After a period of wash-out of any lipid-lowering drugs, ator-
vastatin (2040 mg) was administered to patients for at least 8 weeks, and then 3 g of celestimide was adminis-
tered for a further 8 weeks. Total and LDL-C significantly (<0.0001) decreased by 35% from 361 to 233 mg/dl
and 41% from 274 10 161 mg/dl, respectively. Addition of colestimide caused a further significam 12% and 20%
reduction, respectively, from the initial values to 205 and 129 mg/d], respectively. Colestimide was also effective
in reducing serum LDL-C concentrations in heterozygous FH patients with hypertriglyceridemia (triglycerides

>150 mg/dD).

Conclusions When monotherapy with atorvasiatin is insufficient to treat severely hypercholesterolemic
patients, such as those with heterozygous FH, colestimide acts 1o reinforce the action of statins.  (Cire J 2005;

69: 515-520)
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dominant disorder that is attributable to a mutated

low-density-lipoprotein (LDL) receptor gene, and
is characterized by excessively high concentrations of LDL
cholesterol (LDL-C), tendon xanthomas, and premature
coronary artery disease (CAD)! If cholesterol lowering
therapy is ineffective, as it is in more than 70% of cases of
heterozygous FH in Japan, the patient dies from atheroscle-
rotic cardiovascular disease. The mean age at death is 54
years for men, and 69 years for women2 FH is one of the
most common disorders causing coronary ariery disease at
the age of 40 years or less in Japan? Many clinical trials
have proven the efficacy of cholesterol-lowering therapy
using 3-hydroxyl-3-methyiglutary] coenzyme A reductase
inhibitors, statins, for the primary and secondary preven-
tien of CAD#? It is also recognized that the increased use
of cholesterol-lowering drugs, especially statins, is associ-

Familial hypercholesterolemia (FH), is an autosemal
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ated with improved cardiovascular prognosis of FH The
administration of statins increases the activity of LDL
receptors!! thus for heterozygous FH patients whose LDL
receptor activity is partially impaired, statins are the most
effective cholesterol-lowering drugs. Recently, statins such
as pravastatin and simvastatin have been superceded in
Japan by atorvastatin, which is even more effective in
reducing LDL-C. However, because FH is highly refrac-
tory to cholesterol-lowering drugs, monotherapy using
atorvastatin frequently fails to achieve the target concenira-
tions of LDL-C recommended by the Japan Atherosclerosis
Society!? the Joint Task Force of European and other
Societies!? and the National Cholesierol Education Pro-
gram in the United States of Americal? for the primary and
secondary prevention of atherosclerotic cardievascular
disorders.

Bile-acid-sequestering resins interrupt the enterohepatic
circulation of bile acids, resulting in the upregulation of
LDL receptors on hepatocytes, especially when used in con-
Jjunction with statins}316 Colestimide, a 2-methylimidazole-
epichlorohydrin polymer, is a new bile-acid-sequestering
resin produced by the Mitsubishi Chemical Corporation,
Tokyo, Japan (Fig I). Its in vitro bile-acid-binding capacity
is 4-fold greater than that of the cenventionally used bile-
acid-sequestering resin, cholestyramine!? In addition, the
clinical use of cholestyramine is limited because of poor
patient compliance, mainly because the drug has to be
dissolved in water before being taken. In the present study,
we examined for the first time the combined effects of
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Colestimide Coadministered With Atorvastatin in FH

Table 2 Effects of Colestimide Plus Atorvastatin on Lipid and Apolipoprotein Concentrations in Heterozygous Familial Hypercholesteralemia

(Subgroup Analysis)

517

pvalue
f , . Atervastatin . Baseline ve  Aiorvastaiin vs
Baseline  Atorvasiaiin + colestimide ANOVA Baseline vs alorvastatin qlorvastatin
afervastatin Lo .
+colestimide  + colestimide
Baseline triglyceride <15Gmg/d! (n=10)
Totad chalesterol (mgldl} 372x44 232434 202427 <0.600f <Q.000! <0.000! 0.0032
LOL cholesterof {mg/df} 30047 ta5+30 120422 <0.6001 <0001 <0.000} 0.0001
HDL cholesterol (mgidh) 52113 57116 54115 07422 (0.2794 0.6393 0.5050
Triglycerides (mg/dl) Q5434 QIL50 7318 0.3410 0.902¢1 0.0258 .2265
Apolipoprotein (mghil)
Af 12618 146125 139+26 0.1695 0.0544 01170 0.7745
Al 3545 267 2944 0.0175 0.5001 (L2020 0.0080
B 22433 120120 10312 <0.0001 <0,0001 < (L0001 0.0007
ci 48514 4.3tL5 3411 0.0534 0.0353 a.0011 0.0326
ci 10.412.6 10.6+3.8 8.5+2.8 0.6800 0.8042 0.2784 03213
E 6.010.9 4.940.7 4,407 <0007 0.0002 «0.000] 0.0279
Baseline triglyceride 2150 mg/dl (n=3)
Total cholestero! (mg/dl} 338160 23344! 212437 0.0026 0.0035 0.0037 0.2050
LDL cholesserof (mg/dl) 222444 162137 130£28 0.0067 00118 0.0676 (0.0420
HDL cholester! (mg/di} 47115 100 544124 0.4449 0.7258 04286 (o576
Trigivcerides {mg/dl) 26818/ 161174 748475 0.0577 0.0004 0.0297 0.665]
Apolipaprotein (mg/dl)
Al 131431 127527 T44117 0.5669 0.3521 0.3508 0.1334
All 3544 3545 34 (1.3687 0.6004 0.2367 0.2267
B 200+4f 15124 f16£26 0.6022 0.0011 0.0016 0.0112
Cif 8.0L04 6.110.8 S4tt4 0.0783 0.0058 0.0003 0.2366
C 17.021.7 133124 12,0137 8.0362 0.0051 0.0300 0.7636
E 8.612.4 5.520.9 4.711.6 0.0155 00172 0.0046 0.3451
Values are mean+ SE.
for more than [2 weeks. The subjects were initially admin Results

istered atorvastatin as a daily dose of 10 or 20mg in the
evening; this was increased to 20-40mg for at least 8
weeks, if serum concentrations of LDL-C were 30% over
the target concentrations indicated by the Japan Athero-
sclerosis Society guideline!? In Japan, the permitied maxi-
mum dose of atorvastatin is 40 mg/day; the mean dose
administered in the present study was 32.0x8.6mg.
Colestimide (3g) was added to atorvastatin monotherapy
twice per day, before meats, once in the moming and once
in the evening, for a further 8 weeks, Once colestimide
treatment was started, the dose of atorvastatin was unaltered
for any of the subjects throughout the remainder of the
study period, Blood samples were obtained after an over-
night fast at various time points during the study period.

Laboeratory Procedures

Serum coneentrations of cholesterol and triglycerides
{TG) were determnined by an enzymatic method, and high-
density lipoprotein cholesterol (HDL-C) concentrations
were measured by a polyamine-polymer/detergent method
(Daiichi, Tokyo, Japan)?! LDL-C concentrations were
determined by a direct method (Daiichi}?? Serum concen-
trations of apolipoprotein Al, All, B, CII, CTI, and E were
determined as described previously??

Statistical Analyses

Values are expressed as the mean+SE unless stated
otherwise. The effects of drug therapy on each variable
were compared by means of single-factor analysis of vari-
ance (ANOVA), and then compared by the paired t-test
" when significant differences were observed. All statistical
analyses were performed with the Stat View 4.5 system
{Abacus Concepts, Berkeley, CA, USA). A p-value of less
than 0.05 was considered 1o be statistically significant.

Cirewlation Jotirnal Vol 69, May 2005

Serum Toral Cholesterol, LDL-C, and HDL-C (Table |,
Fig2)

Administration of atorvastatin significantly (p<0.0001)
decreased total cholesterol (TC) and LDL-C concentra-
tions, from 361 to 233 mg/dl (-35%) and from 274 to
161 mgfdl (—41%), respectively. They decreased further
{(p=0.0011, and p<0.0001, respectively) from the baseline
levels following the addition of colestimide, to 205 (<43%)
and (29 (-53%), respectively, Atorvastatin monotherapy
and atorvastatin plus colestimide increased HDL-C con-
centrations from 50 to 53 mg/dl (+6%) and 54 mg/dl (+8%),
respectively. However, these changes were not statistically
significant.

Triglycerides (Table I}

Asorvastatin treatment effected a significant (p=0.0454)
reduction in serum TG concentrations, from 152 to
116 mg/dt (-24%). Additional use of colestimide decreased
the concentrations further (to 98 mg/dl, -36%), but this
change was not statistically significant.

Apclipoprotein (Table 1)

Atorvastatin treatment resulted in increases in the mean
concentrations of apolipoproteins Al {10%) and AR (4%).
When colestimide was administered in conjunction with
atorvastatin, the serum concentrations of apolipoprotein Al
did not change; the mean concentrations of apolipoprotein
All, however, decreased by 15%. Moenotherapy with ator-
vastatin caunsed significant reductions in the mean concen-
trations of apolipoproteins B (by 37%, p<0.0001) and E (by
30%, p<0.0001). Combined treatment with atorvastatin and
colestimide caused further significant reductions in the
concentrations of apelipoproteins B (by another 2%,
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Toble 3 Alterations in Liver Enzymes, Creatine Kinase, and Glycohemoglobin During Atorvastatin Monotherapy and

in Combined Therapy Yith Colestimide

Baseline Atarvastatin Atorvastaiin + colestimide
AST(IUAL) 2218 25%5 24td
ALT (ILKL) 24117 25120 20+13
yGTP(1UAL} 6473 74166 52447
CK (1) 124173 133276 i42+75
HemaglobinAlc (%) 53405 5.510.6 53106

Values are mean £ SE.

p<0.0001) and E (by another 8%, p=0.045). The mean
concentrations of apolipoproteins CII and CII were aiso
reduced with both atorvastatin monotherapy and atorvas-
tatin in conjunction with colestimide.

Effects of Colestimide in Patients With Hypertriglyceridemia
{Table?)

Because bile-acid-sequestering resin is known to in-
crease LDL receptor activity via a reduction in the choles-
terol concentrations in hepatocytes, it may increase the
production rate of very-low-density-tipoprotein, which
contains a considerable amount of TG!® We therefore
examined the effects of colestimide on the serum con-
centrations of lipids and apolipoproteins in 5 patients
(M/F=2/3) with FH accompanied by hypertriglyceridemia
(TG z150mgfdl). Administration of atorvastatin alone
significantly decreased TC and LDL-C concentrations from
338 to 233mg/dl (-31%, p=0.0035) and from 222 to
162mg/dl (~27%, p=0.0118), respectively. Although the
doses of atorvastatin administered to these patients were
greater than those administered to normotriglyceridemic
FH patients (38.0+4.5 mg/dl vs 29.0£8.8 mg), the rates of
reduction of both TC and LDL-C concentrations were less
in the former than in the latter. They decreased further
(p=0.2050, p=0.0420) from baseline following the addition
of colestimide, to 212 mg/dl (-37%}) and 130mg/dl (-41%),
respectively. Serum TG concentrations were significantly
(p=0.0004) decreased by atorvastatin treatment, from 268
to 161 mg/dl (—40%). The addition of colestimide decreased
serum TG by a further 5% (to 148 mg/dl).

Adverse Events

Atorvastatin was well tolerated, and all 15 patients were
given the additional 3 g colestimide treatment. None of the
patients suffered any severe adverse events that caused
discontinuance of colestimide, and no abnormalities in the
laboratory findings were observed, including significant
elevations in hepatic enzyme (aspartate aminotransferase,
alanine aminotransferase, and gamma glutamyl transpepti-
dase) or in creatine kinase (Table3). Neither atorvastatin
nor colestimide caused any impairment in glucose metabo-
lism, as assessed using hemoglobinAle (Table 3).

Discussion

In this study, we examined the effects of combined treat-
ment with atorvastatin and colestimide on lipid concentra-
tions in Japanese patients with heterozygous FH. Several
studies have shown that when monotherapy with a statin is
insufficient, combination therapy using a statin plus anoth-
er lipid-lowering-drug can be effective!32427 This is the
first report to examine the lipid-lowering effects of coles-
timide when used with a statin. The reductions in the lipid
and apolipoprotein concentrations after 4 weeks of atorvas-

tatin monotherapy were not significantly different to those
after 8§ weeks, which suggested that the LDL-C lowering
effect had reached a plateau at 8 weeks, Thus, we can
presume that the additional 20% of LDL-C lowering was
caused by colestimide. Because FH is highly resistant to
therapy with cholesterol-lowering drugs, with the frequent
result of death from atherosclerotic cardiovascular dis-
orders, the development of aggressive cholesterol-lowering
therapies for FH patients is crucial. Although atorvastatin is
one of the most effective statins in reducing serum LDL-C,
monotherapy has frequently failed 1o achieve the target
concentrations of LDL-C for the primary and secondary
prevention of atherosclerotic cardiovascular disorders
recommended by the Japan Atherosclerosis Society]2 the
Joint Task Force of European and other Societies'? and the
National Cholestercl Education Program in the United
States of Americal?

In the current study, LDL-C concentrations were reduced
to less than 160mg/di by atorvastatin monotherapy in 9
(60%) and by atorvastatin plus colestimide in 14 (93%)
patients (<160mg/d] is the target concentration for the
primary prevention of atherosclerotic cardiovascular dis-
orders of patients without any coronary risk factors (Japan
Atherosclerosis Society guideline category A)). On the
cther hand, in only 1 (7%) of the study subjects did ator-
vastatin monotherapy result in a reduction in serum LDL-C
concentration to less than 120mg/d] {Japan Atherosclerosis
Society guideline category B3 and B4), which is the target
concentration for the primary prevention of atheroscleratic
cardiovascular disorders for patients with multiple coro-
nary risk factors. However, this target concentration was
reached in 8 (53%) of the subjects following the addition of
colestimide. Thus, our results suggest that therapy with
atorvastatin plus colestimide is suitable for the primary pre-
vention of atherosclerotic cardiovascular disorders associ-
ated with heterozygous FH. However, serum LDL-C con-
centrations never reached less than 100 mg/d] in any of the
study subjects, which is the target concentration for the
secondary prevention of atherosclerotic cardiovascular
disorders (Japan Atherosclerosis Society guideline cate-
gory C), even with the combination therapy. More aggres-
sive cholesterol-lowering therapy, such as LDL apheresis,
is required to reach this target2?

In the current study, we examined the serum lipid and
apolipoprotein concentratiens of patients with heterozygous
FH with hypertriglyceridemia {T'G 2150mg/dl). FH patients
with hypertriglyceridemia showed lower LDL-C and HDL-
C concentrations, and tended to be treated with higher doses
of atorvastatin, than did normotriglyceridemic FH patients.
Atorvastatin monotherapy significantly (p=0.0001) de-
creased serum TG concentrations in FH patients with
hypertriglyceridemia. Importantly, atorvastatin plus coles-
timide did not increase the serum TG concentrations and
significantly decreased serum LDL-C concentrations in FH

Cirerilation Jonmal Vol 69, May 2005



Colestirnide Coadministered With Atorvastatin in FH

patients with hyper- and with normotriglyceridemia. The
conventional bile-acid-sequestering resin {cholestyramine)
is known to potentially increase TG-rich lipoproteins?®
Although there are no data directly comparing the concen-
trations of TG after treatment with cholestyramine or coles-
timide, Homma ¢t al reported that colestimide mono-
therapy decrease plasma LDL-C concentrations (14.2%)
without affecting plasma TG, very-low-density lipoprotein
cholesterol and very-low-density lipoprotein triglyceride
concentrations?® In an animal study, cholestyramine in-
creased the ratio between 3-hydroxyl-3-methylglutaryl
coenzyme A reductase and cholesterol-7-a-hydroxylase
activity (1.7-2.0), which led o hypeririglyceridemia be-
cause of overproduction of very-low-density lipoprotein3!
In contrast, colestimide did not increase that ration
(0.8-1.331

A potential limitation of the current study is that the study
patients took different doses of atorvastatin {(between 20 and
40mg): 7 (47%) FH patients took 40mg of atorvastatin,
which is the maximum permitted dose in Japan. Ten FH pa-
tients (67%) already had a history of CAD, so they needed
intensive treatment with higher doses of atorvastatin. On
the other hand, 5 FH patients who were free from CAD (ac-
cording 1o the Japan Atherosclerosis Society’s guidelines;
their target LDL-C concentrations were 140-120mg/dl)
had lower doses of atorvastatin, Because the focus of the
current study was the additional efficacy of combining
colestimide with atorvastatin, we believe that the different
doses of atorvastatin did not confound the results,

In the current study, FH was diagnosed, by our clinical
criterion®!8.1% and confirmed by genetic method in 14 of
the 15 enrolled patients!31® We failed to find the LDL
receptor gene mutation in 1 patient, whose baseline LDL-C
concentration was almost the average for heterozygous FH,
namely 262 mg/dl. Because no patient with familial defec-
tive apolipoprotein B has been reported in Japan3? it is
possible that perhaps this particular patient might be
another case of autosomal dominant hyperchoiesterolemia,
such as PCSK% gene mutation??

In conclusion, we found that colestimide produces an
additional 20% reduction of serum LDL-C concentration
when administered with atorvastatin. Of note, colestimide
did not increase serum TG concentrations even in heterozy-
gous FH with hypertriglyceridemia. Thus, we conclude that
when monotherapy with atorvastatin is insufficient to treat
severely hypercholesterolemic patients, LDL-C can be
further reduced by the coadministration of colestimide.
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