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Objectives. The preventive effect of pemirolast against restenosis after coronary stent placement was
evaluated.

Methods. Eighty-four patients with 89 de novo lesions who underwent successful coronary stenting
were assigned to the pemirolast group! 40 patients, 45 lesionsChnd the control groupl 44 patients, 44
lesions] Administration of pemiroladf] 20 mg/dayDwas initiated from the next morning after stenting and
continued for 6 months of follow-up. Quantitative coronary angiography was performed immediately after
stenting and at follow-up. Angiographic restenosis was defined as diameter stenosis § 50% at follow-up.
Intravascular ultrasound study conducted at follow-up angiography was used to measure vessel cross-sec-
tional ared] CSA] stent CSA, lumen CSA, neointima CSAJ stent CSA [l lumen CSAL] and percentage
neointima CSAJ neointima CSA/stent CSA X 100%[ht the minimal lumen site.

Results. There were no significant differences in baseline characteristics between the two groups.
Restenosis rate was significantly lower in the pemirolast group than in the control group! 15.0% vs 34.1%
of patients, 13.3% vs 34.1% of lesions, p[] 0.05, respectivelyll The intravascular ultrasound study at fol-
low-upl 36 lesions in the pemirolast group, 33 in the control group[found no significant differences in ves-
sel CSA and stent CSA between the two groupkl 17.3+ 2.2 vs 16.8+ 2.4mm?, 8.6+ 1.9 vs 8.4+

0000000000000 DO000000:.028500841 DOOO0OOO0OO0O 56401

Cardiovascular Center, Sakura Hospital, Toho University School of Medicine, Chiba

Address for correspondence: OHSAWA H, MD, FICC, Cardiovascular Center, Sakura Hospital, Toho University School of Medicine,
Shimoshizu 5640 1, Sakura, Chiba 2850 0841

Manuscript received November 15, 2002 ; revised January 8 and March 31, 2003 ; accepted March 31, 2003

13



14 Ohsawa, Noike, Kanai et al

1.7mm?, respectively(] However, lumen CSA was significantly larger in the pemirolast group than in the
control groupl 5.5+ 1.3 vs 4.4+ 1.1mm? p 0 0.050 Moreover, neointima CSA and percentage neointima
CSA were significantly smaller in the pemirolast groupl 3.1+ 1.1 vs 40+ 1.2mm? pO 0.05 and 36.2+

15.9% vs 47.4+ 15.6%, p0 0.010

Conclusions. Pemirolast has a preventive effect against restenosis after stent placement, possibly by

inhibiting neointimal hyperplasia.
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INTRODUCTION

Coronary restenosis remains a major limitation
of percutaneous coronary interventiohl PCI[hnd
has become a major complication in developed
countries. Stenting has reduced restenosis by pre-
venting pathologic vascular remodeling'*", but the
proliferation of vascular smooth muscle cells, one
of the causes of restenosis, is commonly observed
after stent placement®™. Almost 80% of contempo-
rary PCI procedures are performed with the use of
coronary stents, so strategies aimed at eradicating
neointimal hyperplasia are a current focus of
research.

We previously found that pemirolast
potassium®”®" an antiallergic agent, markedly
inhibits migration and proliferation of vascular
smooth muscle cells’”. Pemirolast inhibits intimal
hyperplasia in animal experiments'*". Furthermore,
we recently confirmed that pemirolast prevents
coronary restenosis after plain old balloon angio-
plasty] POBA'"y the mechanism of inhibiting
neointimal hyperplasia rather than pathological
remodeling, as shown by angiographic and
intravascular ultrasound IVUS [studies'*".

The present clinical prospective randomized
study investigated the preventive effect of pemiro-
last on restenosis after coronary stent placement.

SUBJECTS AND METHODS

Study population

This study included 88 patients with sympto-
matic ischemic heart disease due to de novo lesions
of the native coronary artery treated between
January 1998 and March 1999. Patients with acute
myocardial ischemia, left ventricular ejection frac-
tion of § 40% or renal failure were excluded. The
angiographic criteria for exclusion were the pres-
ence of type C lesions"*such as chronic total occlu-
sionk] H 3 months old[] ostial lesions, left main

HCoronary artery disease
EStent

HPrevention (restenosis )

trunk lesions, lesions in coronary vessels of
0 2.5mm caliber and diffuse lesions requiring 2 or
more stents. Coronary stenting was performed in
patients with suboptimal results such as dissection
or elastic recoil immediately after balloon angio-
plasty. The general exclusion criteria for stenting
were contraindications for anticoagulant and
antiplatelet therapies.

Before the study, a through explanation was
given to patients and their families about the poten-
tial risks and benefits involved in this study, and
written informed consent was obtained. The
patients were assigned to the group receiving
pemirolast] pemirolast groupl] or the group not
receiving pemiroladt] control grouplby the prospec-
tive randomization technique.

Drug treatments

The pemirolast group received pemirolast
U 20mg/dayl] the standard dose as an antiallergic
drug, from the morning after stenting until follow-
up angiography at 6 months. All patients in both
groups received aspirih] 162 mg/daylhnd ticlopi-
dinkl 200 mg/day[from 1 week before the proce-
dure until the time of follow-up angiography. Drugs
for treating complications such as hypertension,
hyperlipidemia, and diabetes mellitus were used at
the discretion of attending physicians, but the use
of other antiallergic drugs was prohibited.

Stent implantation
Immediately before PCI, patients received an ini-
tial bolus injection of heparihl 8,000 to 10,000 UL
and intracoronary administration of 200U g nitro-
glycerin. PCI was performed by POBA, followed
by implantation of stents. Either a slotted tube stent
0 Palmaz-Schatz[br a coil sterdt] Wiktor or gfx[ivas
selected according to the lesion characteristics and
coronary vessel morphology. The Palmaz-Schatz
stent was placed either by the stent delivery system
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or was mounted on the balloon used for pre-dila-
tion. After successful stent delivery, balloon dila-
tion at high pressure was added to achieve the opti-
mal result, which was defined as residual stenosis
of less than 10% of the luminal diameter without
complicationk] death, myocardial infarction, coro-
nary artery bypass surgery[] Heparin and nitroglyc-
erin infusions were continued for 24 hours after
stenting.

Follow-up

All treated patients were monitored for at least 6
months. Adverse effects attributable to pemirolast
were monitored at fixed periods] 1 day, 2 weeks, 1
month, 3 months and 6 months after the procedurel]
by interview as well as laboratory examinations.
IVUS measurements and follow-up coronary
angiography were conducted 6 months after stent-
ing. If ischemic symptoms recurred within 6
months after stenting, coronary angiography was
performed earlier. If no definite restenosis was
found, follow-up angiography was repeated 6
months later.

Quantitative coronary angiography

Coronary angiograms obtained before, immedi-
ately after, and at 6 months after stenting, were
reviewed by an unbiased angiographer without
knowledge of group randomization. For quantita-
tive analysis, end-diastolic cine-frames were select-
ed from the angiographic views demonstrating the
maximal degree of stenosis and were matched
before, immediately after and at follow-up. The
selected cine-frames were digitalized with a cine-
video converter, and were analyzed using a quanti-
tative coronary angiography systerh] Heart analysis
database system, Medical Soft Support Center
Corp.ll The guiding and diagnostic catheters were
used as the calibration standard to measure the ref-
erence diameter, minimal lumen diameter and per-
centage diameter stenosis. Acute gain was defined
as the increase in minimal lumen diameter immedi-
ately after stenting, late loss as the decrease in min-
imal lumen diameter at follow-upl post-procedure
minimal lumen diameter minus follow-up minimal
lumen diameter[] and net gain as the difference
between acute gain and late loss. The loss index
was the ratio of late loss to acute gain.
Angiographic restenosis was defined as stenosis
of § 50% diameter at the end of follow-up.
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Quantitative intravascular ultrasound

IVUS study was performed at follow-up angiog-
raphy. IVUS examinations were performed with a
30-MHz, 3.2 F mechanical ultrasound catheter

U Boston Scientific, UltraCross[hnd were always
preceded by intracoronary administration of nitro-
glycerin] 0.1 mgl. The IVUS catheter was
advanced distal to the stenting site and then was
manually pulled back. The ultrasound images were
recorded onto super-VHS videotape for off-line
analysis, with a detailed running audio commentary
describing the location of the ongoing IVUS inter-
rogation. Moreover, some angiographic images
were recorded during pullback so that the location
of the IVUS transducer was known.

Angiographic and IVUS data were analyzed side
by side. First, stent cross-sectional areh] CSAL]
lumen CSA, neointima CSA] stent CSA [ lumen
CSATlhnd percentage neointima CSAI neointima
CSA/stent CSA X 100%[were measured on a
cross-sectional image with the minimal lumehl Fig.
100 Second, the mean data of these parameters were
calculated and were compared between the pemiro-
last group and the control group.

Statistical analysis

Student’s #-test was used to assess differences in
continuous variables between the two groups. The
results are expressed as mean+ SD. Categorical
variables, which are presented as rates, were com-
pared by the chi-square test. Statistical significance
was defined as p J 0.05.

RESULTS

Four of the 88 patients were excluded because of
deviation from the protocoll 2 patients in the
pemirolast groupl] or lack of follow-up angiogra-
ph¥] 1 patient in each groupll During follow-up,
neither symptoms nor significant aggravation of
laboratory findings attributable to pemirolast were
observed in the pemirolast group. Thus, the final
angiographic study group contained 84 patientss] 89
lesions[] with 40 patient§] 45 lesionslin the
pemirolast group and 44 patients] 44 lesionsUn the
control group. Baseline clinical characteristics are
shown in Table 1, and baseline angiographic and
procedure-related characteristics are shown in
Table 2. There were no significant differences in
baseline characteristics between the two groups.
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Fig. 1 Quantitative intravascular ultrasound measure-
ments at follow-up
Case Al 46-year-old, male, pemirolast group[: Palmaz-
Schatz stent@ 3.0 mm.
A-1: Mild neointimal hyperplasial no restenosisl]
A-2: Stent CSA: 7.3mm?, lumen CSA: 5.7 mm>,
percentage neointima CSA: 21.9%.
Case BJ 53-year-old, male, control groupl: Palmaz-
Schatz stent@ 3.5 mm.
B-1: Moderate neointimal hyperplasial no resteno-
sis[]
B-2: Stent CSA: 9.3 mm? lumen CSA: 5.3 mm?
percentage neointima CSA: 43.0%.
Case ([ 61-year-old, female, control groupll: Palmaz-
Schatz stent@ 3.5 mm.
C-1: Severe neointimal hyperplasial restenosis[]
C-2: Stent CSA: 9.5mm?, lumen CSA: 1.6mm?,
percentage neointima CSA: 83.2%.
CSA O cross-sectional area.

Angiographic results

Luminal dimensions at baseline, immediately
after stenting, and at follow-up are shown in Table
3. There were no differences between the two
groups in baseline reference diameter and minimal
lumen diameter. Immediately after stenting, there
were no differences in minimal lumen diameter and

acute gain between the two groups. At follow-up,
the pemirolast group had a smaller mean reduction
in minimal lumen diametek] late loss: 0.75%

0.74 vs 1.17+ 0.92mm, loss index: 0.33+ 0.29 vs
0.52+ 0.36, p0 0.05, respectively[hnd larger net
gaih] 1.50% 0.72 vs 1.03% 0.83mm, p[J 0.050]
resulting in a larger minimal lumen diameter
0211+ 0.72 vs 1.68% 0.90mm, p 0.050
Restenosis rates were significantly lower in the
pemirolast group than in the control group
U patients: 15.0% vs 34.1%, lesions: 13.3% vs
34.1%, p 0.05, respectivelyll In patients,
restenosis of the Palmaz-Schatz stent in the pemiro-
last group was as low as 9.1%. There were no sig-
nificant differences in the incidence of target lesion
revascularization between the two groups] 11.1% vs
27.3%L1

Intravascular ultrasound results

Twenty of the lesions investigated by follow-up
angiography were not investigated by IVUS for the
following reasons: The IVUS catheter failed to
cross either at proximal or stenting sites because of
proximal bend point or severe restenosis in 17
lesionk] pemirolast group: 8, control group: 9]
and the risk of IVUS study was too great in 3
lesionk] pemirolast group: 1, control group: 201
Thus the IVUS study group contained 69 lesions,
36 lesionks! restenosis in 4[in the pemirolast group
and 33 lesionis] restenosis in 90n the control group.

Vessel CSA] pemirolast group: 17.3+ 2.2 vs
control group: 16.8+ 2.4mm’[hnd stent CSA
[08.6+ 1.9 vs 8.4+ 1.7mm’[khowed no differ-
ences between the two groups. Lumen CSA was
significantly larger in the pemirolast group than in
the control groupl 5.5+ 1.3 vs 4.4+ 1.1mm’, pO
0.0500 Moreover, neointima CSA and percentage
neointima CSA were significantly smaller in the
pemirolast groupl neointima CSA: 3.1+ 1.1 vs
4.0+ 1.2mm? p 0O 0.05, percentage neointima
CSA: 36.2% 15.9% vs 47.4% 15.6%, p0 0.01;
Fig. 20

DISCUSSION

The techniques of PCI have changed from early
POBA to more recent stenting, which can eliminate
acute coronary occlusion and negative vascular
remodeling. However, in-stent restenosis remains
unresolved. In recent years, IVUS studies to exam-
ine the restenosis process following stent placement
have determined that neointimal hyperplasia is
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Table 10 Patient characteristics

Effect of Pemirolast on In-Stent Restenosis

Pemirolast group Control group p vitue

Number of patients 40 44
Male sek] %0 65.0 72.7 NS
Ageél yr, meant SDU 65.4+ 9.0 63.9%+ 10.0 NS
Hyperlipidemi&] %0 55.0 56.8
Hypertensiohl %0 60.0 523
Current smoket] %U 37.5 43.2 NS
Obesity] body mass indexH 240 %0 17.5 22.7
Diabetes mellitus] %0 325 22.7
Hyperuricemial %[ 17.5 20.5
Prior myocardial infarctiohl %[ 20.0 22.7 NS
Unstable anging] %0 325 27.3 NS
Concomitant drugé] %]

Aspirin and ticlopidine 100 100

Nitrates 92.5 93.2

Calcium antagonists 82.5 88.6 NS

Beta blockers 42.5 50.0

Angiotensin converting enzyme inhibitors 27.5 20.5

Lipid lowering drugk] simvastatin or pravastain[] 25.0 20.5

Table 20 Angiographic and procedure-related characteristics
Pemirolast group Control group p viiue

Number of lesions 45 44
Target vessell %[

Left anterior descending artery 53.3 50.0 )

Left circumflex artery 17.8 20.5 NS

Right coronary artery 28.9 29.5 -
Modified ACC/AHA clask] %[

Type A 222 18.2 -

Type B 44.5 54.5 NS

Type B, 333 27.3 —
Lesion length] mmO 11.3£ 4.2 109+ 4.2 NS
Type of stent&] %[

Palmaz-Schatz 48.9 59.2

Wiktor 28.8 20.4 ] NS

efx 222 20.4
Number of stents per patient] %U

Smgl.e stent 87.5 100 ] NS

Multiple stents 12.5 0
Final balloon/artery ratio 1.10+ 0.1 1.07+ 0.1 NS
Final balloon pressuré] atm[] 12.9+ 2.5 13.4+ 2.8 NS

Continuous values are meant SD.

ACC/AHAL American College Cardiology/American Heart Association.

J Cardiol 2003 Jul; 42) 1L} 13-22

17



18

Ohsawa, Noike, Kanai et al

Table 30 Quantitative coronary angiographic analysis

Pemirolast group Control group p vdive
Number of lesions 45 44
Reference diametef] mm[] 3.01+ 0.42 3.03+ 0.25 NS
Minimal luminal diametet] mm[]
Pre stent 0.61+ 0.28 0.65+ 0.34 NS
Post stent 2.86x 0.28 2.93% 0.25 NS
Follow-up 2.11%£ 0.72 1.68+ 0.90 00.05
Acute gaill mm[] 2.25% 0.38 2.28+ 0.39 NS
Late los&] mm[] 0.75+ 0.74 1.17¢ 0.92 00.05
Net gaih] mm[O 1.50+ 0.72 1.03%£ 0.83 00.05
Los$ndex 0.33%+ 0.29 0.52+ 0.36 [10.05
Patient restenosi&] % of patients[] 6/401 15.00 15/44134.10 00.05
Lesion restenosik] % of lesions[] 6/451 13.30 15/441 34.10 00.05
Tube stent] Palmaz-Schatz[] 2/201 9.10 8/261 30.800 0.06
Coil stent] Wiktor or gfx[J 4/2B8117.40 7/181 38.90 NS
Target lesion revascularizatiohl % of lesions[J 5/4581 11.10 12/44127.300 NS
Continuous values are mean+ SDO O [ %.
Il Pemirolast group (n = 36 lesions)
[ Control group (n = 33 lesions)
. NS
(mmt ) ] (%)
20— 60— p<0.01
16— 16.8 T
47.4
40—
12— NS
p <0.05 n
8
p<0.05 |
— 20
4
ﬁ:_TF _
0- 0 |
Vessel CSA Stent CSA Lumen CSA Neointima CSA % Neointima CSA

Fig. 2 Quantitative intravascular ultrasound analysis of a cross-sectional image with the minimal

lumen area at follow-up
Abbreviation as in Fig. 1.

solely responsible for in-stent restenosis™'".
Moreover, intimal hyperplasia is more common
after stenting than POBA. Therefore, neointimal
hyperplasia, or proliferation of vascular smooth
muscle cells, must be prevented to avoid in-stent
restenosis.

Previously, we confirmed by molecular biology
study that the antiallergic agent, pemirolast,

markedly inhibits vascular smooth muscle cell pro-
liferation induced by platelet-derived growth factor,
angiotensin [J or endothelin[J . In addition, we
found that pemirolast suppresses membrane inositol
phospholipid turnover at an early stage of the intra-
cellular signal-transduction system, suggesting that
this is one of the mechanisms by which the agent
inhibits vascular smooth muscle cell proliferation’™.
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Furthermore, our prospective randomized compara-
tive study found that pemirolast reduces not only
the angiographic restenosis rate but also late car-
diac events after POBA'" In addition, our IVUS
study showed that pemirolast does not prevent vas-
cular remodeling but does prevent neointimal
hyperplasia in patients treated with POBA'*". These
results suggest that pemirolast has pharmacological
properties useful in preventing restenosis following
PCI. Consequently, concomitant therapy by stent-
ing with pemirolast may be more useful for pre-
venting restenosis.

In the present study, the in-stent restenosis rate in
the control group was 34.1%] Palmaz-Schatz stent:
30.8%, coil stent: 38.9%[] which was slightly
higher compared with the results of the BENES-
TENT'"and STRESST 22% and 31.6%[ In our
study, 41% of lesions were treated with coil stents,
whereas only the Palmaz-Schatz stent was used in
the BENESTENT and STRESS. On the other hand,
the in-stent restenosis rate of the pemirolast group
was 13.3%] Palmaz-Schatz stent: 9.1%, coil stent:
17.4%0] which was significantly lower than that of
control groupl 13.3% vs 34.1%[1 These angio-
graphic results strongly suggested the preventive
effect of pemirolast against restenosis. Moreover,
the IVUS study found no difference in vessel area
or stent area at the follow-up stage between the two
groups. However, the lumen area was significantly
larger, and the neointima area and percentage
neointima area were significantly smaller in the
pemirolast group. These results suggest that
pemirolast has clinical effectiveness to inhibit the
proliferation of vascular smooth muscle cells.

The exact mechanisms by which pemirolast
inhibits vascular smooth muscle cell proliferation
after stenting are not known. In-stent restenoses
result from excessive fibroproliferative and inflam-
matory responses to insults to the arterial wall'>'®",
Growth factors, cytokines and vasoregulatory mol-
ecules trigger the proliferation of vascular smooth
muscle cells'”” . In-stent lesions contain
macrophages, histiocytes, eosinophils and T lym-
phocytes'>'®". Immunocomponent cells are predom-
inantly detected around stent struts, which suggests
a local immune response and inflammatory reaction
to foreign material'>". Therefore, the inflammatory
response and development of restenosis may be
increased by a contact-allergic reaction to metal
compounds released from stainless-steel stents.
Recently, a delayed hypersensitivity reaction to

J Cardiol 2003 Jul; 42) 1L} 13-22

Effect of Pemirolast on In-Stent Restenosis 19

nickel and molybdenum was proposed as a trigger-
ing factor in in-stent restenosis'®". Therefore,
pemirolast may inhibit this contact-allergic reaction
to metal compounds released from stainless-steel
stents. However, the mechanism still remains unex-
plained, since the association between allergic reac-
tions to stent components and the occurrence of in-
stent restenosis was not investigated in our study. If
this hypothesis is correct, preprocedural administra-
tion of pemirolast may be likely to be more effec-
tive than postprocedural administration. Another
possibility is that pemirolast may inhibit the activi-
ty of mast cells which secrete an angiotensin [ -
forming enzyme, namely chymase'?"?'" .
Experimental studies have shown that angiotensin
U promotes the proliferation of vascular smooth
muscle cells and extracellular matrix***". Injury to
the intima of the carotid artery in dogs leads to an
increase in the number of mast cells in the adventi-
tia and fibrotic outgrowth as well as intimal hyper-
plasia. Moreover, an increase in angiotensin [] level
and a chymase level exceeding the angiotensin-
converting enzyme level were demonstrated in the
injured vascular wall*'". Accordingly, further stud-
ies should be performed to elucidate the effects of
pemirolast on the chymase-dependent angiotensin
[]-forming pathway.

Before our study, the results of small placebo-
controlled angiographic trials showed a statistically
and clinically significant reduction in restenosis
after POBA with tranilast®**" which is an antial-
lergic and antikeloid drug. In a concurrent con-
trolled study, patients who were treated with only
stent placement were compared with those who
received concomitant therapy by stenting and trani-
last, showing a reduction in angiographic restenosis
from 45% to 26%] p 0 0.0503°". These trials were
limited in scope and could not demonstrate statisti-
cal differences in clinical outcomes. Therefore, the
Prevention of REStenosis with Tranilast and its
Outcomels! PRESTOrial was conducted to evalu-
ate the effects of tranilast on major adverse cardio-
vascular events as well as quantitative angiographic
and IVUS end points. However, this multicenter,
large, randomized clinical trial, found that adminis-
tration of tranilast in 2 different doses for 2 differ-
ent durations was associated with no improvement
in either angiographic or clinical restenosis com-
pared with administration of placebo". Although
we found that pemirolast more strongly inhibits the
proliferation of vascular smooth muscle cells com-



20 Ohsawa, Noike, Kanai et al

pared with traniladt] unpublished datal] the differ-
ences in mechanisms or potential for preventing in-
stent restenosis between pemirolast and tranilast
still remain unknown.

In recent years, many studies have examined the
prevention of restenosis by using drugs. The poly-
mer coated stent has been developed as a stent-
based pharmacologic strategy which could be
effective to increase the biocompatibility of metal
stents to human body as well as enable local deliv-
ery of drugs. Drug-eluting stents, which could
maintain an effective drug concentration in the tar-
get tissue over a certain period of time, were also
developed and are currently under investigation.
Clinical studies of stents eluting sirolimus

U rapamycinlor paclitaxel are already underway in
Europe and U.S., and the effectiveness will soon be
known®**". The pemirolast-eluting stent will also
be investigated in more detail.

Study limitations

This study has a few important limitations. The
major limitations are the small number of patients
in each group and the open-label study design.
Therefore, a double-blind study with a large num-
ber of patients is needed. Twenty] 22%[bf all 89
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lesions which were subjected to angiographic
analysis at follow-up could not be included in the
IVUS study, so the patients with the worst results
such as severe restenosis at follow-up were exclud-
ed, and the effects of pemirolast might not be com-
pletely assessed. This IVUS study was recorded by
manual pullback method of IVUS catheter, and was
a comparative study of the neointima area at only
the minimal lumen with two-dimensional IVUS, so
the neointima hyperplasia measurement might not
be accurate. Therefore, a comparative study to
examine in-stent neointima volume using the auto
pullback method and three-dimensional IVUS is
necessary. All of the stents used in this study were
from the first generation, so further study to exam-
ine whether pemirolast can lower the risk of
restenosis in patients treated by current stents is
expected.

CONCLUSIONS

The results of the present randomized compara-
tive study suggest that the administration of
pemirolast inhibits vascular smooth muscle cell
proliferation after coronary stenting, and is useful
in the clinical setting to prevent in-stent restenosis.
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