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Long-Term Probucol Treatment Prevents Secondary Cardiovascular
Events: a Cohort Study of Patients with Heterozygous Familial

Hypercholesterolemia in Japan
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Aim: The POSITIVE study assessed whether long term treatment with probucol, a potent anti oxi-
dant and cholesteryl ester transfer protein (CETP) activator, is associated with a lowered risk of car-
diovascular events in a very high risk population: familial hypercholesterolemia (FH).

Merhods: The study cohort included 410 patients with heterozygous FH, diagnosed between 1984
and 1999 by cardiovascular and metabolic experts ar fifteen centers. Traceable patients were screened
using predefined eligibility criteria. The primary outcome measure for comparison between probucol
exposure and non exposure was the time to the first cardiovascular event involving hospitalization.
Resules: Analysis revealed significant differences in baseline characteristics and follow up treatment
berween exposure and non-exposure, An observed indicarion bias was the use of probucol in more
severe FH at diagnosis, both for primary and secondary prevention. When the multivariate Cox
regression procedure was used after adjustment for possible confounding factors, probucol lowered
the risk thazard ratio |[HR]. 0.13: 95% confidence interval [Cl], 0.05-0.34) in secondary prevention
(n="4) and was statistically significant (p<0.001), although not significant (HR. 1.5: 95% CI,
0.48-4.67: p=0.49) in primary prevention (n=233). Safery assessment found no specific difference
between exposure and non-exposure.

Conclusion: Long-term probucol treatment may prevent secondary arrack in a higher cardiovascular
risk population of heterozvgous FH.

J Atheroscler Thromb, 2008; 15:292-303.

Key words; Atherosclerosis, Antioxidants, CETP activaror, Dyslipidemia

Introduction

Cardiovascular (CV) discases, including coronary
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hearr disease and stroke, are the leading cause of death
in Japan, Prevention of fatal CV events is therefore the
final go‘l] as well as the rationale of cholesterol-lower-
ing therapy.

Probucel, a conventional cholesterol-lowering
drug, originated with the report by Barnhart in 19707,
The drug has been used clinically in Japan since 1985.
Nearly 60,000 Japanese patients still take probucol:
western countries discontinued probucol use after
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the onginal manufacturer's withdrawal norice o the
Unired Stares FDA in 1995 after 18 vear's usc of the
drug, Probucol’s cholesterol-lowering mechanism has
not ver been clearly established. bur ir is thoughr ro
increase catabolic excretion of cholesterol into bile™
Larer studies™™ have described new mechanisms of
probucol, including anti-atherogenic and anti-oxidane
actions. Another controversial and anri-atherogenic
fearure of probucol is irs paradoxical effect of lowering
high-density lipoprotein cholesterol (HDL-C). This
action reflects, most likely, its molecular mechanisms:
promoting cholesterol efflux. and enhancing reverse
cholesterol transport by activation of cholesteryl ester
transfer protein (CETP)*® and class B type | scaven-
ger recepror™ ' Marsuzawa and his colleagues reported
an observed close correlation berween the extent of
regression in Achilles” tendon xanthoma and probu-
col-induced decrease in HDL-C levels in parients with
tamilial hypercholesteralemia (FH) L

No large-scale, randomized. double blind com-
parative study has been conducted ro justify the use of
probucol in the prevention of CV events or discases,
however, clinical studies as well as pre-clinical dara
have been a(cumuhting evidence of the clinical worth
of probucol in arterioscleroric diseases. Numerous
clinical resules, including a reduction in Achilles” ten-
don xanthoma thickness after long-term treacment for
FH'* "™, reduced rates of restenosis after angio-
plasty ™™, and a decrease in carorid artery intima-
media thickness'™ '™ support the therapeutic and pre-
ventative effects of probucol on arteriosclerotic lesions
and plaque. To evaluate the risk and benefit of long-
term probucol treatment. we conducred a cohort study
to determine whether probucol rrearment is assoc jared
with the risk reduction of CV events in patients with
heterozygous FH. a very high-risk population.

Methods

Study Cohort

We registered patients with FH who received
trearment berween January |, 1984 and December 31,
1999 ar 15 centers specializing in CV and metabolic
diseases, including FH, nationwide. Patients were
traccable by medical recend and mer the diagnostic
criteria for heterozygous FH under the Japan Athero-
sclerosis Society Guidelines (2002) for the Diagnosis
and Treatment of Atherosclerotic CV Diseases'”. Def-
inite heterozygous FH was defined as having ar least
two of the major features: total cholesteral (TC) of
260 mg/dL and above: tendon xanthoma or xanthoma
tuberosum: reduced or abnormal receptor acrivity
noted by LDL recepror analysis. Probable heterozy-

gous FH was defined as having at least one each of
the major tas above) and mimmor features: palpebral
xanthoma: arcus juvenilis (<50 vearsh: juvenile (<50
years) ischemic heart discase. For ather eligibilicy cri-
teria. we excluded patients with passible homozvgous
FH or with severe ventricular arthvehmias (poly-
morphic premarure ventricular contracnions). Possible
homozygous FH was defined as having any one of the -
clinical teatures: defect of homozvgous or hetero-poly-
meric LDL receprors confirmed by gene analysis: no
LDLR actiview observed by recepror analvsis, severe
clevation of plasma TC higher than 500 mg/dL; xan-
thoma or atheroscleroric vascular lesions mcludmg
svmproms of juvenile ischemic heart disease: hyper-
cholesterolemia confirmed in both parents: history
of ischemic heart disease confirmed i both parents;
or poor response to any 3-hydroxy- Smethyl-glutaryl-
coenzyme A reductase inhibiror (starin).

During the study period between June. 2004 and
September, 2005, we collected anonymous case report
torms with the patients’ bascline data, including medi-
cal history, findings at clinical examination, medica-
tion data, and laboratory data. The investigators tran-
scribed the data on to case report forms (identified by
a code) from the stored medical chares of the patients.
The observation period was the period for which cach
patient’s ¢linical course could be traced. The longest
abservation period exceeded 10 years for patents on
stable doses of probucol.

We required a sample size of 200 in both the
probucol exposure and non-exposure groups, suppos-
ing a ditference of 10% in the incidence of CV events
for 5 years (15% in exposure and 25% in non-expo-
sure). A least 400 subjects were needed to detect the
difference with 80% power and a tvpe | error of 5% at
the 3% ‘Siglliﬁ(ﬂﬂ(t level with two-sided 'ﬂg‘ rank rtest
based on normal approximation. The study protocol
was approved through the process of ethics committee
or institutional review board ar each center.

Definitions and Endpoints

The primary outcome measure was the time to
the first CV event, defined as acute myocardial infarc-
rion (MI), angina pecroris (AP) heart failure (HF),
stroke, transient ischemic arrack (TIA) or arterioscle-
rotic peripheral artery discases (PAD) leading ro hos-
pitalizarion or death as well as sudden death within 24
hours of an observed intrinsic event. The obained
baseline data at the first visit of each patient included
demographic characteristics: sex. date of diagnosis at
the |-| rticipant medical center, age, height, weight,
and habirs of smoking and drmkmg Body mass index
(BMI) was calculated as weighe in kilograms divided
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by the square of height in meters. The other collected
characteristic facrors ar diagnosis were the presence of
xanthoma and s location. prior CV event, onset date
if any prior CV event, treatment for the event, and
other possible risk factors for OV events, including the
presence of hypertension. diaberes, venrricular arrhyth-
mia. and PAD. We collecred data on cholesterol-low-
ering therapy (with or withour probucol) and other
concomitant therapy with anti-placeler, antihyperten-
sive or diabetic drugs. Dates of drug initiation, discon-
tinuation. re-administration, and rermination were
entered as clemental information. Treatment period
was defined as the lengeh from iniciation uncil medi-
cation termination, or untl the occurrence of the
detined CV event. whichever came first. A lipid pro-
file of TC, rriglveeride (TG). low-density lipoprotein
cholesterol (LDL-C) and HDL-C, blood pressure, level
of fasting blood sugar (FBS), hemoglobinAr: (HbA),
and thickness of tendon xanthoma in both feer were
variables of interest, seen as potential predictors of CV
events. We obtained measurements of those vanables
on a vearly basis after cach patient was diagnosed.
LDL-C levels were calculated trom TC and HDL-C
measurements with the Friedewald formula in TG
<400 mg/dL. For TG of 400 mg/dL and more than
400 mg/dL, the expression of 0.16 X TG was applied
in stead of 0.2 X TG, Most patients had fasted com-
pliandy ar periodic checkups of their lipid levels, We
set a follow-up period of 10 years for the measure-
ments.

Statistical Analyses

The primary objective of analysis was a compari-
son between probucol exposure and non-exposure to
evaluate whether treatment with probucol (500 mg ro
1,000 mg daily) for FH provided CV benefits. The
analysis was based on intent-to-trear principles. The
secondary objecrive was 1o assess whether cLangcs n
the lipid profile after probucol treatment predicred
CV events in the cohort. Event-free survival, defined
as the time from diagnosis ro the first CV event, was
determined as a response variable. Statistical analysis
was performed to evaluate clinical outcomes separarely
for secondary and primary prevention groups: that is,
patients with or without a history of CV evenrs at
diagnosis.

Bascline characteristics of each group were ex-
plored ro detect risk factors for CV events because po-
tential confounders, including indication bias, were
anticipated. For baseline comparison, Wilcoxon’s rank
sum test and Fisher’s exact test were used for continu-
ous variables and categorical variables respectively, For
derection of risk factors, univariate Cox proportional

hazards regression with a bascline variable as covariate
was used as a screening step to determine the relation-
ship with CV events. Variables that achieved signifi-
cance at the level of 20% in univariate analysis were
subsequently included in a mulcivariare Cox propor-
tional hazards regression using backward variable se-
lection. Variables proving significant ar the 10% sig-
nificance level were selecred as risk facrors to be ad-
justed. Conscqurnrl_\'. prubncol rreatment effect was
evaluated using the multivariate Cox model with ad-
justment for the selecred bascline variables, Finally, the
other observed treatment factors: cholesterol-lowering
drugs other than probucol, LDL-apheresis, anti-plare-
let drugs. anti-hypertensive drugs, and diaberic drugs
were entered into thar model to assess their effects.
For the association berween changes in lipid
profile after probucol treatment and the risk of CV
events, pre-treatment values of TG, LDL-C, HDL-C
as well as TC, and cach lipid reducrion rario after trear-
ment were used as covanares, Multivariace analyses of
time from probucol stare to the first CV event used
multivariate Cox’s proportional hazards models. Sta-
ristical analysis was peerformed with SAS version 8.2,

Patient Characteristics

We collected data from the medical records of
541 patients, and excluded the data of 131 patients
that did nor meer eligibility predefined in the protocol.

The flow diagram (Fig. 1) gives reasons for the
exclusion. A substantial fraction of probucol-exposed
patients, 80.0% and 93.2%, rook probucol within
two years after diagnosis for in primary and sccondary
prevention groups, respectively. Baseline characreris-
tics ar diagnosis are given for each group (Table 1, 2),
The secondary prevention group (Table 2) had prior
diseases of AR M, stroke, HF, and TIA. This group
was found ro have significant higher proportions of
men (60.2%, p<0.01), smokers (50.0%, p<0.01),
hypertension (40.9%, p<0.001) diabetes (15.9%, p=
0.02), and older median age (52 years, p=0.01) than
the primary prevention group. Morcover, the group
tended ro have hypo-HDL cholesterolemia of median
42 (20-90) mg/dL, and ro receive combined trear-
ments with anti-plateler drugs (56.8%), anti-hyper-
tensive drugs (53.4%), and LDL-apheresis (14.8%).

Comparison berween probucol-exposed and non-
exposed groups revealed significant differences in some
baseline characteristics and rrearments, which showed
a t'onfounding indication rhar patients with more
severe FH rook probucol. For baseline characterisrics,
the exposed group for primary prevention had more
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541 pahents assessed
for ahgibility
113 Excluded from analyss
95 deviated from selting criteria
(diagnosis date)
8 possibl FH
& missing data of total cholesterol
at diagnosis or of diagnostic ground:
1 diagnostic date
3 missing patient outcome
428 patents met
eligibdity critena
18 pediatric patients
—t {younger than 20 years
oid) excluded
Data available for
analysis
n=410

Fig. 1. Patient Flowchart.

We collected dara from the medical records of 541 pauents. and
excluded the dara of 131 parients who did not meet the eligibilicy
predefined in the protocol. The flow diagram gives zu.amulﬁu the
exclusion.

palpebral xanthoma (13.4%, p=0.05), thicker median
measurement of tendon xanthoma (12.5 mm, p<0.01),
higher median HbAic (5.8%, p=0.03), and more
use of antihypertensive drugs (25.3%, p<0.01). Their
lipid profile was more severe with a higher median
baseline TC (325 mg/dL, p=0.001), a higher median
LDL-C level (253 mg/dL, p<0.001), and a lower
HDL-C level (47 mg/dL, p<0.001) than the unex-
posed group. The exposed group for secondary pre-
vention had 4 higher prevalence of post-MI (44.6%,
£<0.01) than the unexposed grot&p. Observed medi-
cations were also significantly different berween the
exposed and unexposed groups. The exposed group
used anti-hypertensive drugs concomitantly ac a higher
rate (25.3% vs. 11.2%, p<0.01) for primary preven-
tion.

Descriptive analysis of baseline characreristics
and treatments during observation implies that in
both primary and secondary prevention, the exposed
groups tended ro include patients with more severe
FH at diagnosis. Arguably, patients considered more
severe at diagnosis would receive more intensive treat-
ment, including probucol.

Outcomes
We present the absolure number of CV evenrs
requiring hospitalization by prevention group with

denails of the evenrs (Table 3). The incidence of CV
events without consideration of confounding facrors
was 11.6% in the exposed group and 4.5% in the
unexposed group for primary prevention. For sec-
ondary prevention, the incidence was 27.0% in the
exposed group and 64.3% in the unexposed group.
The event-free survival curve of the secondary preven-
tion group is given (Fig. 2).

To identify risk facrors for CV evenrs, we deter-
mined the relationship between the incidence and
every bascline variable using univanate Cox regression
ar a significant level of 20%. Variables proving signifi-
cant at the 10% significance level in multivariare Cox
regression were selected as risk factors to be adjusted.
We estimated the effect of treatment after adjusting
the selected risk factors. We caleulated hazard racios
(HRs) with 95% confidence interval (Cl) for binary
variables. BMI1225 vs BMI <25, drinking vs no
drinking. for example, and the indicated HRs corre-
sponded ro a 1 standard deviation increase tor contin-
vous variables, including TC. Estimated results are
given (Table 4).

In the priman prevention group. signiﬁq.'.mr vari -
ables were BMI 225 (HR 1.86, 95% C1 0.87-3.98:
p=0.11), drinking (HR .17, 95% CI 1.02-4.63;
p=0.05}, rendon xanthoma (HR 2.17, 95% C1 0.76~
6.23; p=0.15), prior diseases other than CV events
(HR 1.87, 95% Cl 0.87-3.99: p=0.11). PAD (HR
5.23,95% C10.70-39.2: p=0.11), diaberes (HR 2.27,
95% Cl 0.79-6.50; p=0.13), TC (HR 1.37, 95%
C1 0.99-1.8%; p=0.06). HDL-C (HR 0.75, 95% CI
0.50-1.12, p=0.16), SBI' (HR 1.48, 95% CI 1L.00-
2.18; p=0.05), and the thickness of rendon xanthoma
(HR 1.50, 953% Cl 1.06-2.14: p=0.02). Three of
these variables, drinking, TC. and PAD were selecred
for adjustment ac the 10% significance level as a resule
of a multivariate Cox regression with backward vari-
able selection. After adjustment for these three base-
line variables, we found no significant effect by probu-
col ar the 5% significant level. The estumared hazard
ratio of probucol use for CV events was 1.50 (95% Cl
0.48-4.67; p=0.49),

In the secondary prevention group, significance
variables were drinking (HR 1.74, 95% C1 0.80-3.79;
p=0.17). presence of palpebral xanthoma (HR 5,34,
95% CI 2.26-12.61, p<0.001), TIA (HR 4.16, 95%
Cl 0.54-32.21: p=0.17), history of coronary artery
bypass graft (HR 0.31, 95% CI 0.11-0.90; p=0.03),
hypertension (HR 0.58. 95% CI 0.26-1.28: p=0.18),
diabetes (HR 2.89, 95% CI 1.30-6.42; p<0.01), and
fasting blood sugar (HR 1.31, 95% C1 0.91-1.89; p=
0.15). Two of these variables, palpebral xanthoma and
diabetes, were selected for adjustment at the 10% sig-
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Table 1. Baseline characteristics of patients in primary prevention group’

Primary prevention

No. (%) of patients

Characteristics »
All Exposed Unexposed
n=332 w=233(72.4) n=89 (27.6)

Age. mean (range) 49 (27-74) 50 (20-74) 47 (20-72) 0.18
Men. Nu. (") 134 (41.6M%) 96 (41.2%) IR (42.7%) 0,90
BMI 225 71 122.5%) 49 (21.4%) 22 (25.6M) 0.45
Smuoker 99 (33.20) 74 (34.1%) 25 (30.9%) 0,68
Dirinker 124 142.2%) 93 (43.7%) 31 {38.3%) 0.43
Xanthoma 259 (80,7%) 190 (81.9%) 69 (77.5%) 043

Tendon xanthoma 245 (76.3%) 18] (78.0M) 64 (71.9%) 0.30

Nodular xanthoma 28 (8.79%) 22 (9.5%) 6 (6.7} 0,51

Palpebral xanthoma 36 (11.2%) 31 (13.4%) 5 (5.6%) 0.05
PAD 4 11.2%) 1 (0.4%) 3(34%) 0.07
Hyvperension 54 116.8%) 40 (17.2%) 14 (15.7%) 0.87
Diaberes 22 (6.9%) 17 {7.3%) 5 {5.6%) 0.81
Lipid profile. mg/dL

TCY 320 (188-493) 325 (188-493) 30T (194-464) 0.00]

TG ® 120 (28-1289) 121 (34-1068) 120 {28-1289) 0.9

HDL.C * 49 (20-108) 47 (20-90) 52 (27-108) <0.001

LDL.CY 244 (45-425) 253 (98-429) 223 (45-403) < 0,001
Blood Pressure, mmHg

SBp® 129 (82~ 190) 128 (82-190) 131 (90-190) 0.57

DEP* 0 (48-120) 80 (48-120) 80 (56-120) 0.91
FBS (mg/dL)* 95 (6:3-276) 94 (63-140) 95 (81-276) 0.41
HbAw (90)* 5.7 (4.1-12.4) 5.8 (4.1-9.7) 5.3 (4.3-12.4) 0.03
Tendon xanthoma thickness (mm) * 12:1 (7.5-49.0) 12.5 (7.5-49.0) 10.5 (8.0-20.0) <0.0]
Treatment

C holesterol-lowering drugs (non-probucol) 302 (93.8%) 219 (94.0%) 83 (93.3%) 0.80

LDL-apheresis 7 (2.2%) 6 (2.6%) 1 {1.1%) 0.68

Anti-platelet drugs 49 (15.2%) 41 (17.6%) 8 (2.0%) 0.06

Anti-hypertensive drugs 69 (21.4%) 59 (25.3%) 10(11.2%) <0.01

Diabetic drugs 15 (4.7%) 12 (5.2%) 3 (3.4%) 0.37

' Continuous variables compared by Wilcoxan's rank sum test. distribution of categorical variables by Fisher’s exact test. *Data are median {range).

All data are number (%) unless otherwise indicared. Each percentage shown is related to the total

ber with

data. BML body mass

index: PAD. peripheral artery discaser TC, rotal cholesterol; TG, trighvceride: HDL-C. high-density lipoprotein cholesterol; LDL-C, low-densiry
lipoprotein cholesterol: SBP systolic blood pressure; DBP. diastolic blood pressure; FBS, fasting blood sugar; HbA«. hemoglobin A, LDL-C was

calculated with the Friedewald formula,

nificance level as a resule of multivariate Cox regres-
sion analysis using a backward variable selection. After
adjustment for these rwo baseline variables, the hazard
ratio of probucol use for CV events was estimared
to be 0.13 (95% CI 0.05-0,34) and sigr1il]c.1|1t p<
0.001). In sensitivity analyses. we also obtained similar
estimarion results on probucol for various sets of base-
line covariates for adjustment.

The lipid levels of TC, LDL-C and HDL-C were
lowered after probucol trearment both in primary
and secondary prevention. In the primary prevention

group, the median (range) levels of TC, TG, LDL-C
and HDL-C closest to before trearment were respee-
tively 305 (165-493), 119 (35-1068), 228 (107-425)
and 48 (25-96) mg/dL, and those at 10-year treat-
menr were, respectively, 222 (141-371), 94 (43-335),
157 (91-311) and 39 (17-81) mg/dL. In the sccond-
ary prevention, the median levels of TC, TG, LDL-C
and HDL-C closest to before arment were, respec-
tively, 320 (191-469), 129 (37-0636), 240 (117-381)
and 44 (24-90) mg/dL, and those at 10-year treat-
ment were, respectively, 211(135-305), 71 (48-473),
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Table 2. Bascline characteristics of patients in secondary prevention group

Sevcondary prevention

No. (%) of patients

Characteristics AR Exponcd et P
n=88 n="4 (8a4.1) u=14 (159
Age. mean {range) $2(23-71) 51 {29-"0) $3123-"n 62
Men. No. (%) 53 (60.2%) 46 (62.2%) T (50.0%) 0.5%
BMI 225 21 (25.3%) 17 (24.3%) 4 (30.8%) 03
Smoker 42 (50.0%) 38 (53.5%) 4 (30.8%) 023
Drinker 39 (46.4%) 33 (46.5%) 6 (46.2%) 100
Nanthoma 75 (85.20%) 063 (85.1%) 12 (85.7%) 1060
Tendon xanthoma T1 (80.7%%) o1 (82.4%) 107 1.4%) (TS
Nodular xanthoma 7 (8.0%) 6 (R.1%) 1(7.1%) 1.00
Palpebral xanthoma 8 1(9.1%) 5 (6.8%) 3 (21.4%) ol
PAD 2(2.3%) 2(2.7%) 0 (0.0m) 1.00
Hvpertension 36 (40.9%) 30 140.5%) 6 (42.9%) 1.00
Diabetes 14 (15.9%) 9 (12.29%) S (35.7%) 10,0y
Lipid profile. img/dL)
TC' 332 (191-469) 334 (191-469) 322 (229-444) 0.41
TG 128 (37-630) 128 (37-636) 136 (63- 318 045
HDL-C' 42 (20-90) 42 (20-90) 39 (26-73) 0.1
LDhL-C' 249 (117-381) 256 (117-381) 245 (138-354) 057
Blood Pressure, mmHg
SBP' 129 (90-180) 128 (96~ 1801 136 (90-166) 0497
DBP (mmHg)' 80 (52-114) 80 (52-114) 78 (60-104) 0.33
FBS (mg/dL)" 96 (72-252) 97 (72-197) 94 (79-252) 0.9
HbAlc (90) " 5.8 (4.1-10.6) 5.5(4.1-8.1) 6.4 15.3-10.6) 0.06
Tendon xanthoma thickness (mm) ' 14.5 (5.8-25.0) 15.0 (5.8-25.0) 10.0 (8.5-18.8) 0.09
Prior CV events
Angina Pectoris 45 (51.1%) 36 (48.6%) 9 (64.3%) 0.39
Mvocardial Infarction 34 (38.6") 33 (44.0M) 1 (7.1%) <0
Stroke 7 (8.0%) 4 (5.4%) 3121.4%) 0.08
Heart failure 2(2.3%) 2(2.7%) 0 (0.0 1.00
TIA 2(2.3%) 1 (1.4%) 1{7.1%) 0.29
Treatment 0,08
Cholesteral-lowering drugs (non- probucol) 81 (92.0%) 70 (94.6%) 11 (78.6%)
LDL-apheresis 13 (14.8%) 1 (14.9%) 2(14.3%) 1.00
Anti-plateler drugs 50 (56.8%) 44 (59.5%) 6(42.9%) 0.38
Anti-hypertensive drugs 47 (53.4%) 42 (56.8"%) 5 (35.7%) 0.24
Diabertic drugs 6 (6.8%) 3 (4.1%) 3 (21.4%) 0.05

'Data are the median trange). All dara are numbers (%) unless otherwise indicated. Each percentage is related 1o the total number with measune

ment data. TIA indicares transiear ischemic arrack.

147 (124-197) and 33 (17-70) mg/dL. Sub-analysis
of changes in the lipid profile after probucol trearment
dctcc;trjc:iguiﬁcam three predicrors of CV event risk:
higher bascline TC (HR 2.74, 95% CI1 1.05-7.16: p=
0.04) in the primary prevention group: reduction
in TG (HR 0.22, 95% CI 0.06-0.86; p=0.03); and
reduction in LDL-C (HR 0.17,95% CI 0.03-0.90;
p=0.04) after rreatment in the subser of the secondary

prevention group on stable doses of probucol. Neither
TC nor HDL-C afrer treatment was associared with
CV event risk in the probucol-exposed group, which
indicates that reduction of the HDL-C level after pro-
bucol treatment is not related to CV event risk for
probucol-exposed patients,

We evaluated the safety of probucol for all col-
lected dara from 541 patients, and found 56 adverse



298

Yamashita et al.

Table 3. Incidence of cardiovascular events

Cardiovascular Event No event Toral P
Primary prevention (w=322) Exposed (n=233) 2T 11.6%) 206 233

MI 4

AP I8

St 3

TIA 1

PAD | 0.058

Unexposed (#=8%) 4 14.5%) 85 59

Al i

Str, 2

TIA |
Secondary prevention (#=58) Exposed (n="4) 200 27.0%%) 54 T4

MI 8

AP 12

HF |

Str. ] 0.012

Unexposed (n=14) 9 104, 30) 5 l4

MI 2

AP o

St 1

.'\IL mvocardial infarcnion: A angina pecrosis: HE heare failure: Ser.. seroke; TIA, rransicnt 1schemic aetack: PAD. penphenal artery discase.

Ohne of the 4 panenes died after 12 monchs of probucol termination.

events in 18 patients, Malaise, pruritus. macrocytic
anemia and pain in the extremities were recorded as
adverse drug reactions associared with probucol. We
noted and reported gastric cancer stage I immediarely
to the Ministry of Health and Welfare as an unex-
pected serious event, because of an unknown drug
relation due to many concomitant drugs, although
probucol was found to be non-carcinogenic alone=".
Six deaths were observed in the population nor raking
probucol or stopping probucol. There was no other
difference in the incidence of adverse evenrts, includ-
ing scrious events, berween probucol exposure and
non-exposure.

Discussion

Many dara from large-scale randomized controlled
trials have overwhelmingly demonstrated the clinical
benetits of lowering cholesterol with statins®™* *¥, yet
the rapid and extensive prophylactic use of cholester-
ol-lowering drugs remains controversial. Few studies
have addressed the clinical risks and benefits of long-
term treatment of hyperlipidemia among women** or
elderly patients®®. The safety of long-term cholesterol-
lowering therapy, including the issue of associated
cancer risk or benefir, remains inconclusive because
of conflicting clinical evidence™. More importantly,

conclusions from the results of randomized conrrolled
trials are limited by their relarively shorr follow-up pe-
riods (generally less than 5 years) in the analyzed stud-
ies.

In long-term treatment for FH, probucol was
used with other cholesterol lowering drugs in over
80% of the sccondary prevention group-those with a
more severe clinical outlook than the primary preven-
tion group: a higher prevalence of hypertension and
diaberes, significant thicker tendon xanthoma, more
combined therapy with LDL-apheresis, ant-plareler
drugs, and ant-hypertensive drugs. The high rate of
probucol use in FH was surprising, different from
expected. This might partly reflect the prescriprion
behavior of experts with the resule thar intracrable
patients responded to the regimen.

In the secondary prevention, the higher-risk group,
probucol exposure was associated with a reduction in
the risk of cardiovascular events (HR 0.13; 95% ClI
0.05-0.34) with high significance (p<0.001), while it
was not significant in the primary prevention group.
This result was also contrary to our expecrarion thar
probucol exposure would likely be associated with
increased event risk due to a confounding indica-
tion-that patients considered more severe ar diagnosis
would receive more treatment, including probucol.
We did not collect the details of non-probucol drugs

' — 68—
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HRA=0.13(0.05-0.34)

Percentage of event-free pabants

40 4
p<0.001
,i i
20 H
L
o.
o L] 10 15 20 (years)
Yoars of follow-up
Number at risk
Yoars o 5 10 15 20
Exposed 74 71 70 68 68 B2 54 50 42 38 34 30 25 19 17 13 12 & 3 1 0O
Unexposed 14 11 11 W0 © 6 4 2 1 © 0 © © 0 0 ©0 0 0 ©0 0 0
Estimates of event-free rales are o whath d probucol. The 4 probability of ining

g patients
without events was highor in pationts treatod with probucol (<0.001: log-rank test) .
Fig. 2. Kaplan-Mcicr Estimates of Event-free Rare.

For secondary prevention, the incidence of cardiovascular events was 27.0% in the exposed group and 64.3%
in the unexposed group. An event-free survival curve for the scondan prevention group is given,

Table 4. The results of multivariate analysis using Cox regression procedure
Secondary prevention

Primary prevention

Factor
HR 95% Cl P HR 950, C1 P

Baseline variables

Toral cholesterol 1.58 1.06-2.33 0.02 = - -

Drinking 2.43 1.09-5.44 0.03 - = -

Peripheral artery disease 5.27 0.51-5463 016 - = =

Palpebral xanthoma == = = 294 1.02-8.47 0.05

Diabetes = - = 258 0.76-8.76 0.13
Treatment in follow-up

Probucol use 1.50 0.48-4.67 .49 013 0.05-0, 34 < 0,001

Anti-platelet drug use - = = 248 1.00-6.17 0.05

to simplify the study prmcdurc However, we would
likely exclude underused statins because of the reduced
use of non- -probucol drup from the possible factors of
the higher event rare in the uncxposed group. because
statins were available when all of the 9 recurrent
patients (Table 3) started and the parients continued
on cholesterol-lowering drugs. We suppose, therefore,

that the reasons for this unanticipared great risk reduc-
rion include some antioxidant and anti-atherogenic
actions™ * ¥ of probucol. The finding in second pre-
vention may be suggested by the report®” thar probu-
col slgmﬁunrl} decreased /n vitre LDL oxidizability
measured under rypically strong oxidarive conditions,
and that long-term treatment with probucol had an
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anti-atherogenic effect in Watanabe Heritable Hyper-
lipidemic rabhbits. From the observation that the base-
lille' lipid pl’oﬁlc was not ditferent berween the mwo
groups of exposure and non-exposure in secondary
prevention. the drug might exhibit greates effective-
ness in post-cardiovascular discase patients, in possibly
advanced lipid accumulation and inflammation,
which are associated with the circulation of oxidized
LDL*,

In primary prevention, we observed an almost
significant increase of events in the exposed group
(Table 3). and an apparently increased risk (HR 1.5).
although not stacistically significant after adjustment
(Table 4). We suppose, however, that the ideal effecrs
of prabucol might be concealed by che following fac-
tors noted in primary prevention, The exposed group
had a worse lipid profile (TC, LDL-C and HDL-C
levelsl, higher HbAI, and thus definirely a higher
risk than the unexposed group. Furthermore, 8 (nearly
30%) of the 27 parients experiencing cardiovascular
events in the exposed group discontinued probucol
when they had events. This was consistent with the
different finding berween primary and secondary pre-
ventions in the exposed group: less than halt of the
patients (113 of 233) in primary prevention contin-
ued on probucol. while 53 (72%) of 74 patients con-
tinued in secondary prevention, This estimation might
be conservarive.

The controversial and paradoxical action of pro-
bucol- lowering HDL-C- level was nor associated
with the risk of CV events in the cohorr, therefore, the
association berween low levels of HDL-C and an
increased risk for CV evenrs or dearh indicared by the
carly Framingham Heare Study®” may not be exrrapo-
lated to probucol-treared patients. This proposition is
consistent with recent findings that a lowered HDL-C
level is not always atherogenic, but that the quality
or function of HDL-C is more important than the
HDL-C levels™. In fact, increased levels of HDL-C
with rorcetrapib, a CETP inhibitor, were nor associ-
ated with a significant clinical benefir in patients with
coronary disease ™', FH*' or mixed dyslipidemia*?.

We speculate thar enhanced reverse cholesteral
transport by CETP activation as a result of probucol
rreatment also contributed ro the detected risk reduc-
tion in the cohort. The observed positive outcome of
probucol, a CETP activator, might be a mirror image
of the negative clinical trial results for the CETP inhib-
itor™, Reports™ ™! of increased coronary heart discase
in CETP deficiency despite increased HDL-C levels,
and the molecular approach w review CETP defi-
ciency ™ support our hypothesis, at least in Japanese
genealogy. Interestingly, a recent basic research reports

that human CETIP expression enhances the mouse
survival rare in an experimental systemic inflamma-
tion model™, indicating for the first time a role for
CETP in the defense against the exacerbared produc-
tion of proinflammarory mediarors.

For the saferv evaluation, we found no cardio-
toxic adverse drug reaction including QT/QTe pro-
longation or rorsade de pointes, in this study: although
probucol can cause them ' ¥ 47,

We obtained these results from an observational
study with no control for inaccuracy, unexpected bias
or confounding facrors. We could nort assure the previ-
sion of the baseline measurements due ro unrecorded
dara. The participant centers were major hospirals for
FH. bur not all hospirals in Japan, because the seudy
was conducted as part of a post-marketing study by a
pharmaceurtical manufacturer within the framework of
the Japanese government regulations. Some restrictions
on collecring data might have resulted in unexpecred
small numbers in the unexposed group in secondary
prevention, although we think that the study cohort
represents nearly a3 natonwide population of hetero-
zygous FH in Japan. The results derived from patient
dara in Japan can nor necessarily be generalized 1o
partients in western countries.

Despirte these limitarions of the study, however,
we could evaluate the outcome of long-term probucol
trearment in the medical practice serting for FH, a
high-risk population, for as long as 20 years in Japan.
The significant risk reduction of CV events observed
in the secondary prevention group halds clinical sig-
nificance and suggests some beneficial therapeutic
actions of this drug in arterioscleroric discases. The
hypothesis from the findings warrants a randomized
controlled trial for verification of the secondary pre-
vention, and needs further research into the molecular
mechanisms or roles of CETP in pathogenesis.
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Abstract

Purpose *"'T1 has been extensively used for myocardial
perfusion and viability assessment. Unlike **Te-labelled
agents, such as "™ Tc-sestamibi and **"Te-tetrofosmine, the
regional concentration of **'Tl varies with time. This study
is intended to validate a kinetic modelling approach for in
vivo quantitative estimation of regional myocardial blood
flow (MBF) and volume of distrnibution of Lty using
dynamic SPECT.

Methods Dynamic SPECT was carried out on 20 normal
canines after the intravenous administration of **' Tl using a
commercial SPECT system. Seven animals were studied at
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rest, mine during adenosine infusion, and four after beta-blocker
administration. Quantitative images were reconstructed with
a previously validated technique, employing OS-EM with
attenuation-correction, and transmission-dependent convolu-
tion subtraction scatter correction. Measured regional time
activity curves in myocardial segments were fitted to two-
and three-compartment models. Regional MBF was defined
as the influx rate constant (K;) with corrections for the partial
volume effect, haematocrit and limited first-pass extraction
fraction, and was compared with thar determined from
radio-labelled microspheres experiments.

Resulis Regional time-activity curves responded well to
pharmacological stress. Quantitative MBF values were higher
with adenosine and decreased after beta-blocker compared to
aresting condition, MBFs obtained with SPECT (MBFgppcr)
correlated well with the MBF values obtained by the radio-
labelled microspheres (MBFus) (MBFgpeer=-0.067+
1.042 *MBFps, p<0.001). The three-compartment model
provided better fit than the two-compartment model, but the
difference in MBF values between the two methods was small
and could be accounted for with a simple linear regression.
Conclusion Absolute quantitation of regional MBF, for a
wide physiological flow range, appears to be feasible using
20171 and dynamic SPECT.

Keywords Myocardial blood flow - Dynamic SPECT -
Thallium-201 - Compartment model - Quantitation

Introduction

Myocardial perfusion imaging using Thallium-201 (**'T1)
is well established in routine clinical practice for detecting

) Springer



Fur J Nucl Mad Mol Imaging

exercise-induced myocardial ischaemia and/or for assessing
myocardial viability in patients with coronary artery disease.
The diagnosis, however, has been limited to qualitative or
visual assessment of the physical extent of the defect areas
rather than quantitative assessment of physiological functions.
Quantitative methods would for example enable longitudinal
studies when assessing therapy response and pharmacological
interventions. Some groups have already investigated the
feasibility of estimating quantitative parameters with dynamic
SPECT in the myocardium using ““'T1 [I] and " Tc-
Teboroxime [1, 2], but these techniques have not yet been
applied to clinical practice, This is largely atmbuted to the
fact that quantitative reconstruction programmes are not
readily available on commercial SPECT systems.

We have developed a reconstruction programme package
for SPECT, which can accurately provide guantitative
images of radio-labelled tracer distributions in vivo, which
is a pre-requisite for absolute physiological parameter
estimation. The adequacy and accuracy of these methods
have been demonstrated in multiple papers for " Tc and
20011 in cardiac studies [3-5], and for *™Tc and '*I in
brain studies [6]. It has also been demonstrated, in brain
studies, that physiological parameters such as cercbral
perfusion [6] and cerebral flow reactivity [7] obtained using
our package were as accurate as those determined by PET.
These findings suggest that absolute quantitation of regional
myocardial perfusion might also be possible in a clinical
setting using commercial SPECT cameras,

2] is a potassium analogue, and its kinetics has been
extensively investigated in previous studies [8, 9]. Due to the
high first-pass extraction fraction (EF) [10] and a large
distribution volume, *°'T1 has been considered an ideal tracer
for quantitation of absolute myocardial blood flow, not only
at rest but also at hyperemic conditions. As a clinical
implication, quantitative assessment of MBF and coronary
flow reserve is impormant. For instance, coronary micro-
vascular dysfunction or impaired endothelial function in
patients with coronary risk factors or patients with cardiomy-
opathy or with heart failure is an un-resolved important issue to
answer [11]. Coronary flow reserve can also be reduced in
patients with hyper-cholesterolemia without overt coronary
stenosis [12]. The low energy and long half-life of *'7] have,
however, seriously limited its use in nuclear cardiology.

The goal of this study was to validate our reconstruction
methodology for the estimation of myocardial blood flow
using “°'T1 and dynamic SPECT using tissue time-activity
curves (TTAC) derived from myocardial regions. In
addition, we aimed to find the optimal kinetic model
configuration and to investigate the factors affecting the
estimation of physiological parameters such as the partial
volume effect (PVE), appropriate choice of input function,
conversion from plasma to blood flow using haematocrit
(Het) and the limited first-pass tracer EF.

Q) springer

Materials and methods
Subjects

A total of 21 dogs were studied in which 8 were in a resting
condition, 9 dogs during constant infusion of adenosine for
increased MBF, and 4 dogs during constant infusion of
beta-blocker. Of the 21 studies, | study was un-successful
and projection data could not be retrieved from the scanner,
reducing the number of resting studies to 7 and total dog
studies to 20. Adenosine was infused continuously over the
study duration at a rate ranging from 140 to 700 mg’kg/h to
achieve a range of blood flow increases. An initial dose of
beta-blockers ranging from 2 w 6 mg was given, followed
by a constant infusion for the duration of the study of 2 or
4 mgh. The study protocol was approved by the animal
ethics committee at the Akita Research Institute of Brain,
Akita City, Japan where all experiments were carmed out.

SPECT procedures

All dogs were anaesthetised, and the catheters for dose
administration and arterial blood sampling were inserted
before the study. The SPECT system was a conventional
dual-head gamma camera (Toshiba GCA-7200A, Tokyo,
Japan) firted with short focal length fan-beam collimators
(LEHR-Fan). The transverse field-of-view (FOV) was 22 cm
diameter and axial FOV was 20 cm. The dogs were carefully
taped into a cradle to minimise motion during the study,
and also to ensure that no truncation occurred. Heant rate and
blood pressure were monitored throughout the study and
recorded at regular intervals.

Before the injection of any tracer, a 15-min transmission
study was carried out in which a rod source filled with
approximately 740 MBq of ™™ Ic was placed along the
focal line of one of the fan-beam collimators (see Fig. 1).
The transmission study was followed by injection of 3 MBq
of '*'Ce microspheres into the left ventricle via a catheter
and blood was withdrawn from the aorta at a constant flow
rate of § ml/min for 2 min to serve as an input function. For
the pharmacological intervention studies, adenosine infu-
sion or beta-blocker injection followed by infusion was
commenced before the '*'Ce microsphere administration.

Dynamic SPECT was commenced with the start of the
4-min constant infusion of 110 MBg **'TL The frame
collection rates and 360° rotation times were 10x1 min
(rotation time 15 s), 6%2 min (30 s), 3x4 min (60 s) and
5%5 min (60 §) for the first hour for all studies. Resting
blood flow studies had an additional 1810 min (120 s)
frames collected for a total study period over 4 h. The
shorter total study time for the drug infusion studies was
mandated by the difficulties in keeping the dogs stable with
prolonged infusions of the drugs used. A 34% energy
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Fig. 1 matic diagram of data scquisition using a clinical dual-
headed SPECT camera fined with fan-beam collimators. Transmission
scan was performed using o "™ Te-filled rod source placed at a focal

window centred on 77 keV was used for the 2°'TI
acquisitions [4, 13]

Artenal blood samples were taken every 20 s for the first
6 min, every 60 s for 6- 10 mun, 120 s for 10- 20 pun, 300 s
for 20-30 min and 600 s for 30 60 min. For the resting
studies, blood samples were also taken every 20 min for
I-2 h and additional samples at 2.5, 3 and 4 h post-"""TI
infusion. In six studies, plasma was separated immediately
after sampling by centrifugation, and plasma samples were
counted in a well counter cross-calibrated with the SPECT
scanner. To mimimise the effects of the continued exchange
of ““'T1 between plasma and red blood cells in the test
tubes after sampling, immediate, rapid separation of plasma
from whole blood was required. An averaged relationship
between plasma and whole blood concentration ratio over
time was obtained, and then multiplied with the whole blood
curves for all studies to derive a plasma input function.

At the end of the SPECT study, the microsphere blood
flow measurement was repeated with *'Cr microspheres,
I'he dogs were then killed by injection of potassium
chloride (KC1) and the myocardium was dissected into
samples suitable for counting in the well counter. The **'T1
concentration in the tissue samples was derived from the
sample weight normalised gamma counter counts. The
samples were stored to allow for the decay of *°'T1 (7},
73 h vs T\3=32.5 days for "*'Ce and 27.8 days for *'Cr)
and then counted to measure the "*'Ce and *'Cr activities.
Separation between "'Ce and *'Cr counts was based on
their respective gamma ray energies (145 keV for '"'Ce and
323 keV for *'Cr).

SPECT data processing
Projection data were processed according to previously

described procedures [S]. Briefly, the transmission data
obtained by the fan-beam collimator were first re-binned

(=2

one of the detectors was used

line of one of the collimators, and o

(left). Both detectors were used in the emission scan (rgh)

into parallel projections. Transmission projections were
normalised by blank projection, re-constructed to generate
quantitative maps of the attenuation coefficient for *™Tc
and then linearly scaled w provide amtenuation correction
maps for *"'T1. Emission data were corrected for detector
non-uniformity and also re-binned into parallel projections
I'he projection data were then corrected for scatter with
transmission-dependent convolution subtraction (TDCS)
originally proposed by Meikle et al. [14] and further
optimised by our group [4, 5]. The emission projection
data were re-constructed with the OS-EM reconstruction
algorithm [I5] using three iterations and ten subsets, The
re-constructed images were cross-calibrated with the well
counter system.

Data analysis

Re-constructed images were normalised by acquisition time
for each frame. Multiple circular regions of interest (ROI)
were drawn on the myocardium, and the TTAC of **'Ti
were generated for the anterior, apical, lateral, posterior and
septal areas of the myocardium. The two-compartment
model (one tissue compartment) and three-compartment
model (two tissue compartments) shown in Fig, 2 were
applied to determine two parameters (K, and K3) for the
two-compartment model and four parameters (K,-K;) for
the three-compartment model by means of non-lincar least
squares fitting (NLLSF).

The regional MBF was considered to be related w K,
obtained from compartment model fits. K, is, however,
affected by the PVE, Het and the limited first-pass EF
whose effects were corrected according to Eq. |I:

MBF = i T )
TEFx (1 -Her) )
Q) springer
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Fig. 2 Two- and three els evaluted in this study. K, i

units of mimin/g denotes the regional MBF for both models. Distribution
volume (F4) in units of mUg is defined as K'/Ks for the two-compartment
mkund{l(l—ti) far the three<companment model

The physiological basis for the correction factors in Eq. |
can be described as follows:

|. TTACsobtained from SPECT images are under-estimated
due to the limited spatial resolution relative to the
myocardial wall thickness and also due the myocardial
contractile motion. This phenomenon is known as PVE.
The PVE correction factor for each TTAC was deter-
mined from the ratio of the last SPECT frame counts to
the 2Tl myocardial tissue sample counts obtained from
the tissue samples taken and measured with the well
counter at the end of the SPECT scan.

2. The artenial input function for the compartment model
studies was defined from the plasma radioactivity
concentration curve, rather than the whole blood radio-
activity curve. K, is therefore the regional “plasma” flow.
Thus, for comparison with the microsphere flow measure-
ments, which estimates the whole blood flow, Ky was
divided by (1 -~Het) to obtain the flow for the total blood.

3. For a tracer with limited first-pass EF< 1.0, flow (MBF)
is related to K; by K;=EF *xMBF. The first-pass EF is
flow-dependent and decreases at high flow. We have
applied an empinical formulation for the first-pass EF
based on the data by Weich et al. [10] (EF=0.84-
0.524-log,o(K, ) where K, is K;/(1-Hct). The K,
values obtained with two- and three-compartment models
with/without corrections according to Eg. 1 were com-
pared to the average of microsphere blood flow values
obtained pre- and post-dynamic SPECT scan.

The distribution volume of 2*'T1 (V) was defined as

Vy= % for the two — compartment model (2a)

2

Vd_x—,'(l+ﬁ) for the three — compartment model.
K; Ky

(2b)
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As mentioned before, the resting studies were collected
for 4 h, whilst the adenosine and beta-blocker studies were
collected for approximately 1 h. To investigate whether the
shorter collection time introduces systematic bias, NLLSF
fits restricted to the first 1 h of the resting study data were
also performed and compared with the 1y values from the
full 4 h resting data set and with the estimates obtained
from the beta-blocker and adenosine studies.

Akaike mformation eriterion (AIC) and Schwarz criterion
(SC) were calculated for both two-compartment and three-
compartment model fits [16] to test the adequacy of the two
models. All data are presented as mean+1 SD. Student's
1 test was employed in the comparison of the Fy values.
Pearson's regression analysis was applied to compare K,
and microsphere flow values. A probability value of <0.05
was considered statistically significant.

Results

Figure 3 shows the plasma to whole blood concentration
ratios in the six dogs with rapid plasma separation and the
averaged data. Equilibrium is reached after about 40 min,
at which time the mean ratio was found to be 0.76. As
expected, relative plasma concentration is highest carly on
as the tracer is injected into the plasma (and not red blood
cells). 2“1 is rapidly cleared from the plasma causing a
rapid decline in relative plasma concentration and “under-
shoot™ before equilibrium is established. Samples left for a
prolonged period before plasma separation showed the value
of approximately 0.78, which was close to the plasma to
whole blood concentrations ratio at the equilibrium shown in
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Fig. 3 Individual and mean plasma to whole blood concentration
ratios over time for the six dogs with rapid plasma separouon. Error
bars indicate the standard error of the mean. Solid line is the curve fit
to mean ratio data



Fig. 3. The plasma to whole blood ratio curves could be

approximated by the following equaton

R, £y (1 = ghaterin) 3

loe
resulted in Ay
Ay =0.03636+0.0039 min
Ar=0951620.41 min
was r=0.995.

which 1.303+0,045, 4,=0.7649+0.0056,

| A:=0.1263+0.0077 min ' and

I'he correlation coefficient for the fit

Figure 4 shows a typical example of sequential images
after the intravenous injection of *UVT1 for six representative
'II|.I_I
appeared in the ventricular chambers first and then

slices of a dog studied at rest. It can be seen that

gradually accumulated homogeneously into the left myo-
cardium. The quality of these images is reasonably good,
indicating that our approach of estimating the kinetic
parameters by NLLSF is feasible without excessive noise
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