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ABSTRACT T 

Background Background 

Thee inhibition of the Microsomal Triglyceride Transfer Protein (MTP) is an attractive tar-
gett in the management of dyslipidemia. First administration of a novel MTP inhibitor, 
implitapide,, to human volunteers yielded promising results. Subsequently, a dose-rang-
ingg study, of a double-blind, placebo-controlled and parallel-group design, comparing the 
efficacyy and the safety of 4 doses of implitapide {20,40, 80 and 160 mg/day) and ceriva-
statinn (0.3 mg/day) in patients with primary hypercholesterolemia, was carried out. 

MethodsMethods and Results 

Afterr a 4-week placebo period, 309 patients with primary hypercholesterolemia (LDL-C > 
1300 mg/dL and TG <35o mg/dL) were randomized to one of the 6 treatment groups for a 
periodd of 4 weeks. Mean % change from baseline to endpoint (last treatment visit or end 
off  trial) in the valid for efficacy population (N=283) for LDL-C ranged from -8.2% at low 
dosee (20 mg) to -55.1% (p< 0.001 compared to placebo) on high dose (160 mg), compared 
too -33.3% for 0.3 mg cerivastatin and -0.2% for placebo. The analysis of response defined 
byy a greater than 15% decrease of LDL-C showed a 31.4% responder rate for implitapide 
200 mg, increasing to 67.9%, 97.8%, and 100% in the 40 mg, 80 mg, and 160 mg groups 
respectively.. Mean % change from baseline to endpoint for the other lipid parameters 
alsoo showed a significant dose-related decrease, ranging from -6.4% with 20 mg to -4.8% 
withh 160 mg for total cholesterol, from -1.8% to -17.9% for HDL-C, from -1.3% to -29% 
forr triglycerides, from -2% to -22.3% for Apo Al , and from -5.7% to -49% for Apo B. 
Changess in Lp(a) did not follow the same dose-dependent response. The percentage of 
adversee events (AE) increased with the dose of implitapide with a high incidence of diges-
tivee AE (mainly diarrhoea) in the 80 and 160 mg groups. The percentages of patients 
withh elevations in transaminases >3 times the upper limit of normal were 11.8% and 
15.4%% for AST, 27.4% and 25% for ALT in groups receiving respectively 80 and 160 mg of 
implitapide.. Only minor changes were observed in mean vitamin A values, and vitamin 
E/LDL-CC or vitamin E/ApoAl ratios did not change significantly. Lung function tests and 
hepaticc ultrasound did not show any relevant clinically significant abnormality, and liver 
fattyy infiltration remained mild and evenly distributed among the 6 treatment groups. 

Conclusions Conclusions 

Implitapidee 20 to 160 mg led to a dose-dependent decrease in LDL-C from 8 to 55% and 
inn addition a dose-dependent reduction in total cholesterol, ApoB, HDL-C and triglycer-
ides.. The tolerability of implitapide in the higher doses, especially 80 mg and 160 mg, is 
lesss acceptable than that of lower doses or that of placebo and cerivastatin, mainly in 
termss of digestive adverse events and incidence of liver function test abnormalities. 



EFFICACYY AND SAFETY OF I MPLITAPIDE IN PRIMARY HYPERCHOLESTEROLEMIA I 4 9 

INTRODUCTION N 

Recentlyy published outcome studies have established that lipid-lowering therapy, particu-
larlyy with statins, is of clear benefit in terms of cardiovascular morbidity and mortality in 
thee primary and secondary prevention of coronary heart disease1^5. International and 
nationall  guidelines have been derived from these findings, and provide cardiologists and 
physicianss with clear recommendations on lifestyle, risk factor, and therapeutic targets 
forr patients with hyperlipidemia6,7. These guidelines recommend bile acid sequestrants, 
nicotinicc acid, fibrates and HMG-CoA reductase inhibitors if dietary therapy is not suffi-
cientt to reach therapeutic targets. Thus, research has intensely focused on the discovery 
off  novel agents which can also effectively control plasma lipid levels. 

Microsomall  triglyceride transfer protein (MTP) is an enzyme present in liver and 
intestinall  cells which catalyses the assembly of cholesterol, triglycerides and ApoB to 
VLDLL or chylomicrons, respectively. Hence, the production rate of Apolipoprotein B con-
tainingg particles is decreased if MTP is inhibited and a marked positive effect can be 
expectedd from MTP inhibition on both hypercholesterolemia and hypertriglyceridemia. 
BAYY 13-9952 (implitapide) is a MTP inhibitor. Implitapide potently inhibits secretion of 
apoB-containingg VLDL-lik e lipoproteins from human hepatoma cell line (HepG2), with 
ann IC value of i.inM8. Implitapide was also shown to suppress MTP-catalyzed transport 
off  triglycerides9. 

Thiss study iss the first to date to present clinical efficacy and safety data in a considera-
blee number of humans, evaluating implitapide in doses ranging from 20 mg to 160 mg 
oncee daily, in the treatment of primary hypercholesterolaemia. As this is an early phase II 
dose-rangingg study, the 4 doses of Bay 13-9952 were compared to placebo and to an active 
comparator,, cerivastatin 0.3 mg. 

METHODS S 

StudyStudy design 
Thiss was a multicenter, multinational, double-blind, randomised, placebo-controlled, 
pilott dose-ranging, 6-parallel-group comparative study. Four doses of implitapide, 20 mg, 
400 mg, 80 mg, and 160 mg once daily, were compared to placebo and to cerivastatin 
0.33 mg once daily, during a 4-week treatment period. The study was performed in 
255 sites, distributed over Belgium, France, Israel, Netherlands, Norway, Spain and South 
Africa.. The study was carried out according to the guidelines of Good Clinical Practice, 
andd the Declaration of Helsinki, and was approved by all local ethics committees and 
institutionall  Review Boards. Written informed consent was obtained from all patients 
beforee enrollment into the study. 

StudyStudy population 
Studyy participants were men and post-menopausal or surgically sterile women, aged 18 to 
700 years old. They had to present with primary hypercholesterolemia, defined by fasting 
LDL-CC > 130 mg/dl (or 3.37 mmol/1) and fasting plasma triglycerides < 350 mg/dl 
{3.999 mmol/1) after at least 4 weeks on AHA step 1 or equivalent diet. Patients were fol-
lowedd 8 to 12 weeks during the run-in period, including 4 weeks placebo, followed by 
44 weeks of randomised study treatment and by 2 weeks of post-treatment follow-up. To be 
eligiblee for randomisation, the two values of the calculated LDL-C during the run-in 
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periodd {week-4 and week -2) had to be > 130 mg/dl, and could not differ from the mean 
off  these two values by more than 12%. Major exclusion criteria were: recent myocardial 
infarctionn or cerebrovascular accidents, diabetes mellitus, endocrine disease, known cata-
ract,, serum CPK > 3 times the upper limit of normal, hepatic disease or transaminase 
levelss > 1.5 times the upper limit of normal, clinically significant abnormality on hepatic 
ultrasoundd or pulmonary function test performed before randomisation, known intole-
rancee to HMG-CoA reductase inhibitors, treatment with immunosuppressants, anti-
acids,, ketoconazole, erythromycin, oral anticoagulants, digoxin, drug or alcohol abuse, 
compliancee under 70% during placebo run-in. 

OutcomeOutcome measures and assessments 
Alll  laboratory assessments were assayed in a single central laboratory, Central Research 
Laboratoriess Europe, in Belgium. Plasma lipid parameters remained blinded, all other 
laboratoryy results were faxed to the investigator. 

EvaluationEvaluation of efficacy 
Thee primary efficacy parameter was the mean percent change from baseline to endpoint 
(endd of trial visit 8 or last visit) of calculated LDL-C, as well as the percentage of patients 
withh a decrease of 15% in calculated LDL-C, at least, between baseline and endpoint. 
Secondaryy efficacy measures included percent change from baseline to endpoint of total 
cholesterol,, HDL-cholesterol, triglycerides, apolipoprotein (Apo) Al , Apo B, and Lp(a). 

EvaluationEvaluation of safety 
Adversee events were recorded at each visit following open questioning by the investigator. 
Theirr relation to study drug and intensity was also assessed by the investigator. Safety lab-
oratoryy parameters, including hepatic enzymes, creatinine phosphokinase, vitamin E and 
vitaminn A, biochemistry parameters, were performed at each visit. An ultrasound scan of 
thee liver was performed before randomisation, as well as pulmonary function tests. These 
twoo examinations were performed again at the end of the 4-week active treatment period. 

StatisticalStatistical analysis 
Thee primary efficacy analysis was percentage change from baseline to endpoint of fasting 
plasmaa levels of calculated LDL-C, in four doses of implitapide, compared to placebo and 
cerivastatin.. The primary analysis was performed on the population of patients valid for 
efficacyy (per protocol analysis), defined as all randomised patients receiving double blind 
studyy medication without violating major inclusion/exclusion and randomisation crite-
ria,ria, with at least two valid values of plasma LDL-C measured at weeks -4, -2 and o, and 
withinn 12% of the mean, and with at least one valid plasma LDL-C measurement available 
afterr at least 14 days treatment post randomisation, and unbroken random codes. All sta-
tisticall  tests were two-tailed and statistical significance was evaluated at the 5% level. The 
primaryy efficacy analysis was performed using an ANOVA model with treatment group 
andd country as main effects. Treatment group comparisons were performed for demo-
graphicc characteristics and baseline lipid values using ANOVA for continuous data or 
Mantel-Haenzsell  Chi square test for categorical data. Treatment group comparability was 
checkedd for all parameters. Patients valid for safety were compared between groups for 
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typee and frequency of adverse events. Changes in biological parameters, hepatic ultra-
sound,, and pulmonary function tests were also summarised. 

RESULTS S 

PatientPatient population and baseline characteristics 
AA total of 456 patients were enrolled, and 309 patients were randomised. The number of 
patientss valid for safety analysis was 309. The number of patients valid for intent to treat 
analysiss was 308 and the number of patients valid for efficacy analysis was 283: 51, 53,46, 
388 in the 20 mg, 40 mg, 80 mg, and 160 mg Bay 13-9952 groups respectively, 44 patients 
inn the cerivastatin group, and 51 patients in the placebo group. The rate of premature dis-
continuationn of the study remained low in the placebo, BAY 13-9952 20 mg, BAY 13-9952 
400 mg and cerivastatin groups (o to 5.7% of patients), while it was higher in the two high-
estt dosage groups of BAY 13-9952 (80 and 160 mg), with 15.4% and 41.5% of patients dis-
continuingg the study prematurely. The main reason for discontinuation was related to the 
occurrencee of an adverse event (Table 1). 

Tablee 1 Summary of reasons for premature termination of study 

Treatmentt groups 

Population n 

Randomised d 
Completers s 
Premature e 

termination n 
Adversee event 

Non-compliance e 
Consentt withdrawal 
Protocoll violation 

Visitt 8 missing 

PLA A 

533 (100.0%) 
500 (94.3%) 
33 (5.7%) 

1 1 
0 0 
0 0 
2 2 
0 0 

BAYY 20 

533 (100.0%) 
511 (96.2%) 
22 (3.8%) 

1 1 
1 1 
0 0 
0 0 

0 0 

BAYY 40 

533 (100.0%) 
511 (96.2%) 
22 (3.8%) 

1 1 
0 0 
0 0 
0 0 

1 1 

BAYY 80 

52(100.0%) ) 
444 (84.6%) 
8(15.4%) ) 

7 7 
0 0 
1 1 
0 0 
0 0 

BAYY 160 

533 (100.0%) 
311 (58.5%) 
222 (41.5%) 

22 2 
0 0 
0 0 
0 0 
0 0 

CER R 

455 (100.0%) 
455 (100.0%) 
00 (0.0%) 

0 0 
0 0 
0 0 
0 0 
0 0 

Demographicall  and baseline characteristics did not show any relevant difference between 
thee 6 treatment groups (Table 2). 

EFFICACY Y 

Thee overall assessment of the main efficacy parameter showed that all study treatments, 
exceptt for placebo, induced a decrease in LDL-C at endpoint, which was dose-related in 
thee range of 20 to 160 mg of BAY 13-9952, from -8.2% to -55.1% (p<o.ooi compared to 
placeboo for the 40 mg to 160 mg doses) (figure 1). 

Thee mean LDL-C reduction under cerivastatin 0.3 mg was -33.3%, and -0.2% for pla-
cebo.. The analysis of responders defined by LDL-C decrease greater than 15%, yielded 
31.4%% responders for implitapide 20 mg, increasing to 67.9%, 97.8%, and 100% for 40 
mg,, 80 mg, and 160 mg respectively. Dose-related decreases were also observed for other 
lipidd parameters (figures 2, 3,4). Apo Al decreased from -2.0% to -22.3% in the 20 mg to 
1600 mg groups respectively. Apo B was reduced by -5.7% in the implitapide 20 mg group, 
too -49% in the 160 mg group, compared to -23.2% in the cerivastatin group, and +1.2% in 
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thee placebo group. The changes in Lp(a) did not follow the same dose-dependent 
responsee as for the other lipid parameters. 

Tablee 2 Demographics and baseline characteristics in valid for efficacy population 

Treatmentt groups 

PLA A BAYY 20 BAY 40 BAYY 80 BAY 160 CER R 

Sex:: Female 
Male e 
Race:: Caucasian 
Mixed d 
Negroid d 
Oriental l 
Agee (yrs) 
Weightt (kg) 
Heightt (cm) 
Systolicc BP ( 
Diastolicc BP 

mm m Hg) ) 
(mmHg) ) 

Pastt and current smokers s 

166 (31.4%) 
355 (68 .6%) ) 
511 (100.0%) 
0 0 
0 0 
0 0 
56. . 
74.8 8 
169.9 9 
130.2 2 
79.1 1 
266 (51 %) ) 

177 (33.3%) 
344 (66.7%) 

499 (96.1%) 
11 (2.0%) 
0 0 
11 (2.0%) 
54.7 7 
76.4 4 
170.3 3 
127.7 7 
77.5 5 
288 (54.9%) 

17(32.1%) ) 
366 (67.9%) 
511 (96.2%) 
11 (1.9%) 
11 (1.9%) 
0 0 
53.7 7 
78.5 5 
171.5 5 
125.9 9 
78.6 6 
266 (49%) 

122 (26.1%) 
344 (73.9%) 
455 (97.8%) 
0 0 
11 (2.2%) 
0 0 

52.5 5 
77.7 7 
172.4 4 
130.3 3 
79.7 7 
255 (54.3%) 

133 (34.2%) 
255 (65.8%) 
377 (97.4%) 
11 (2.6%) 
0 0 
0 0 
53.6 6 
75.6 6 
172.4 4 
129.6 6 
81.4 4 
199 (50%) 

99 (20.5%) 

355 (79.5%) 
422 (95.5%) 
0 0 
22 (4.5%) 
0 0 
54.5 5 
77.8 8 
171.5 5 
129.2 2 
80.4 4 
299 (66%) 

Meann plasma lipids (mg/dl) 

LDL-C C 
HDL-C C 
Totall cholesterol 
Triglycerides s 
Apoo Al 
Apoo B 
LPP (a) 

180.9 9 
54.4 4 
264.2 2 
144.3 3 
158.6 6 
164.1 1 
30.4 4 

189.9 9 
53.2 2 
272.4 4 
146.3 3 
147.6 6 
169.5 5 
24.6 6 

197.2 2 
51.7 7 
277.6 6 
143.6 6 
145.8 8 
169.3 3 
31.0 0 

198.2 2 
50.6 6 
278.4 4 
147.7 7 
146.0 0 
176.6 6 
29.1 1 

186.8 8 
53.9 9 
270.2 2 
145.0 0 
150.2 2 
165.9 9 
23.7 7 

194.4 4 
48.0 0 
271.7 7 
146.5 5 
144.6 6 
168.1 1 
31.2 2 

Resultss expressed as n (%) or mean 
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Figuree 1 LDL-C-Meann % change from baseline to endpoint, VFE population 
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Figuree 3 HDL-cholesterol- Mean % change from baseline to endpoint, VFE population 

SafetySafety and tolerability 
Thee percentage of adverse events increased with the dose of implitapide, mainly due to a 
highh incidence of digestive AE (mainly diarrhoea) in the 80 and 160 mg groups. In all 
otherr systems there were no treatment-group differences. Table 3 shows the incidence of 
mainn clinical adverse events. The same trend for digestive adverse events with an increas-
ingg dose of implitapide was observed for drug-related adverse events, with an incidence 
ratee of diarrhoea increasing from 9.4% in the 20 mg group to 52.8% in the 160 mg 
group,, compared to 2.2% in the cerivastatin group and 11.3% in the placebo group. 
Permanentt discontinuation of the study treatment in relation with a drug-related adverse 
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Figuree 4 Triglycerides-- Mean % change from baseline to endpoint, VFE population 

eventt (mainly digestive) was observed more frequently with increasing doses of implitap-
ide.. With respect to laboratory test results, the only relevant changes were seen for 
transaminases.. The percentages of patients with elevations in transaminases >3 times the 
upperr limit of normal were n.8% and 15.4% for AST, 27.4% and 25% for ALT in groups 
receivingg respectively 80 and 160 mg of implitapide. Only minor changes were observed 
inn mean vitamin A values, moreover vitamin E/LDL-C or vitamin E/ApoAi ratios did not 
alterr significantly. Lung function test and hepatic ultrasound did not show any relevant 
clinicallyy significant abnormality, and liver fatty infiltration (hepatic steatosis assessed by 
ultrasoundd and noted by the investigator as mild, moderate, or severe) remained mild 
andd evenly distributed among the 6 treatment groups. 

Tablee 3 Percentage of patients reporting treatment emergent adverse events 

Treatmentt groups 

Population n 

Anyy event 

Digest ive e 

Nausea a 

Diarrhoea a 

V o m i t i n g g 

A b d o m i n a ll pain 

Myalg ia a 

PLA A 

n=53 3 

71 .7% % 

28 .3% % 

1.9% % 

1 3 . 2 % % 

0 0 

5 .7% % 

3.8% % 

BAYY 20 

n=53 3 

60 .4% % 

37 .7% % 

9 .4% % 

11.3% % 

0 0 

5 .7% % 

1.9% % 

BAYY 40 

n=53 3 

6 9 . 8 % % 

4 9 . 1 % % 

5 .7% % 

2 4 . 5 % % 

0 0 

7.5% % 

0 0 

BAYY 80 

n=52 2 

90 .4% % 

75.0% % 

15 .4% % 

4 4 . 2 % % 

5.8% % 

17 .3% % 

1.9% % 

BAYY 160 

n=53 3 

88 .7% % 

84 .9% % 

20 .8% % 

6 4 . 2 % % 

7.5% % 

1 5 . 1 % % 

0 0 

CER R 

n=45 5 

5 3 . 3 % % 

1 5 . 6 % % 

6 .7% % 

4 . 4 % % 

0 0 

8 .9% % 

2 . 2 % % 

DISCUSSION N 

Thiss multicenter randomised double-blind trial was designed as a dose-effect relationship 
study,, the objective of which was to determine the best hypolipidaemic effect / safety ratio 



EFFICACYY AND SAFETY OF IMPLITAPIDE IN PRIMARY HYPERCHOLESTEROLEMIA 155 

afterr a medium-term treatment (one month) with BAY 13-9952 in the 20 to 160 mg daily 
dosee range, in patients with moderate primary hypercholesterolemia. Negative and posi-
tivee control groups were also included in this 6 parallel group study {as placebo and ceri-
vastatinn 0.3 mg daily, respectively), in order to allow confirmation of preliminary results 
afterr short-term (10 days) BAY 13-9952 treatments, which tended to demonstrate a clear 
hypolipidaemicc effect in the range of 80-160 mg doses, with a possible increase in the 
ratee of digestive adverse events related to the alteration of normal intestinal fat metabo-
lismm (nausea and diarrhoea)10. The present study can be considered as fully complying 
withh the requirements published in the "Guidelines for the clinical evaluation of lipid-
alteringg agents in adults and children", by the FDA in 1990, with respect to the character-
isationn of hyperlipidaemic patients. 

Withh regards to the main efficacy parameter, percent reductions in LDL-C at end-
point,, the greatest decrease was 55% in the 160 mg dose group, which was considerably 
higherr than the reduction observed in the cerivastatin 0.3 mg group (-33.3%). However, if 
thee effects on total cholesterol were, as expected, proportional to those on LDL-C, the 
effectss on HDL-C of BAY 13-9952 and cerivastatin were exerted in opposite direction, a 
clearr increase being related to the treatment with cerivastatin, while BAY 13-9952 
inducedd a dose-related decrease in HDL-C (by -1.8% to -17.9% in the 20 to 160 mg dose 
range).. The percentage of responder patients (LDL-C decrease > 15% at endpoint) was 
100%% at any visit in the BAY 13-9952 160 mg group, and reached 98% at endpoint in the 
cerivastatinn group, as well as in the BAY 13-9952 80 mg group. 

Thee decrease in LDL-C and total cholesterol as well as the increase in HDL-C were 
consistentt with those previously observed in several cerivastatin studies. 

Thee overall incidence of adverse events, notably digestive ones, was considerable in 
patientss treated with the two highest doses and resulted in a number of treatment discon-
tinuations,, up to 42% in the 160 mg dose group, mostly due to adverse events, such as 
diarrhoea,, nausea and vomiting. Furthermore, these issues in clinical safety were rein-
forcedd by a dose related effect on transaminase increase, which resulted in an incidence 
off  about 50% of appearance of abnormal values during treatment with BAY 13-9952 80 
orr 160 mg doses, however these increases were completely reversible after discontinua-
tionn of study drug. 

Theree was no reason for concern with other laboratory tests safety or for any other bio-
chemistryy or haematology parameter. 

Thee overall analysis of adverse events did not reveal any other serious safety concern, 
besidess the gastrointestinal tract, for the BAY 13-9952 treated patients, and this was con-
firmedd by a low rate of drug-related serious adverse events (one case of gastroenteritis in 
thee BAY 13-9952 40 mg group, one case of transaminase increase and one case of ano-
rexiaa plus nausea in the BAY 13-9952 160 mg group). 

Thiss study confirmed the preliminary findings of the phase I study in sofar that the 
hypolipaemicc effectiveness of BAY 13-9952 administered 4 weeks in doses between 20 
andd 160 mg daily was quite significant on LDL-C as well as on other lipid parameters. 
Thiss major effectiveness of BAY 13-9952 on the primary endpoint was however counter-
balancedd by the tolerability issues for the higher dose groups, 80 and 160 mg (high inci-
dencee of digestive adverse events, notably nausea) as well as laboratory tests safety 
(numberr of liver enzymes elevations). However, pulmonary function tests and hepatic 
ultrasoundd did not evidence any safety concern with BAY 13-9952, whatever the dose. 
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Thesee clinical results must be put in the context of other beneficial effects of implitapide, 
notablyy on the inhibition of the post prandial triglyceride rise, the latter considered a 
majorr risk facotr for a number of atherosclerotic related events. 

Potentt antisclerotic efficacy of implitapide was shown in apoE knockout mice1112, 
afterr 14 weeks of feeding with a western-type diet containing implitapide. Dose-depend-
entt reductions in plasma cholesterol and triglycerides were observed, but implitapide also 
ledd to significant reductions in average cross-sectional atherosclerotic plaque area (up to 
93%% with i5mg/kg of implitapide). Moreover, life expectancy was improved, with a dose-
dependentt increase in the number of surviving animals. 

Furthermore,, in acute and subchronic rat and dog studies, BAY 13-9952 effectively 
reducedd the post-prandial triglyceride rise (after olive-oil loading)13. This inhibition of 
post-prandiall  fat absorption was confirmed in a human volunteer study, including 24 
subjects,, with the high dose of 160 mg. This resulted in an almost total inhibition of the 
postt prandial lipid response, after a standard high fat meal14. 

Implitapidee remains therefore an attractive target for the management of hyperlipi-
demiaa and atherosclerosis, and further clinical studies, using lower doses and aiming at 
particularr high-risk hyperlipidemic populations could prove interesting. 
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