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A literature search on pharmacokinetic drug interactions
of statins and analysis of how such interactions are
reflected in package inserts in Japan
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SUMMARY

Background and objectives: Statins (HMG-CoA
reductase inhibitors) are one of the most widely
prescribed classes of drugs throughout the world,
because of their excellent cholesterol-lowering
effect and overall safety profile except for rare but
fatal rhabdomyolysis arising either directly or
indirectly by pharmacokinetic interactions with
certain other drugs. As package inserts in phar-
maceuticals are the primary source of information
for health care providers, we carried out a litera-
ture search to examine how crucial information
was provided in package inserts of five statins
approved in Japan (simvastatin, atorvastatin, flu-
“vastatin, pravastatin and pitavastatin).

Methods: A MEDLINE search from 1996 to June
2004 was carried out to identify studies on clinical
pharmacokinetic drug interactions for the five
statins. We mainly collected information on area
under plasma concentration {AUC) following
co-administration of statins with other drugs. The
current package inserts used in Japan were
obtained from the website of the Pharmaceutical
and Medical Device Agency whereas USA pack-
age inserts were obtained from the Food and
Drug Administration website.

Results: The majority of package inserts listed the
drugs that interacted with statins with most des-
cribing the risk of thabdomyolysis because of the
possibility of increases in blood concentration.
However, quantitative information such as
change in AUC was provided in only a few cases.
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Instructions for dosage adjustment are seldom
provided in the Japanese package inserts. USA
package inserts list almost identical drug inter-
actions as the Japanese package inserts, although
they contain more quantitative data, especially
for typical cytochrome P450 (CYP) inhibitors.
Conclusion: All pharmacokinetic drug interactions
including relevant quantitative data for potential
effectors and details on mechanisms of interaction
need to be given in package inserts as soon as the
information becomes available, to ensure safe and
proper use of the drugs concemed. Including such
information in the package insert will be an
extremely valuable aid for health care providers.

Keywords: drug information, drug interaction,
literature search, package insert, safety use of
drugs, statin

INTRODUCTION

Statins, or more specifically HMG-CoA reductase
inhibitors, are used commonly for the treatment of
lipid disorders as they are extremely effective in
lowering cholesterol and have a good overall safety
profile. Although long-term use of stains is well
tolerated by the majority of patients, they may cause
myopathy such as myalgia and myositis and rarely
the serious condition, rhabdomyolysis. There is,
however, no clear consensus of opinion on the
complex mechanisms underlying statin-induced
rhabdomyolysis (1). Although statins may cause
rhabdomyolysis directly in a dose-dependent man-
ner (2), the risk of statin-induced rhabdomyolysis
and associated renal failure is considered to be
higher with dynamic or kinetic interactions between
statins and certain other drugs. For example, ceri-
vastatin was withdrawn from the world market in
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2001 as it was shown in the United States to cause
significant increases in death due torhabdomyolysis
(1) especially when administered concomitantly with
gemfibrozil (3). Subsequent studies showed that this
interaction increased blood conceniration of ceri-
vastatin. Other possible pharmacokinetic interac-
tions with the statins that have been investigated
include cyclosporin, macrolide antibacterials, human
immunodeficiency virus protease inhibifors and az-
ole antifungals (4-6). Given the role of pharmacoki-
netic drug interactions as a factor in statin-induced
rhabdomyolysis it is extremely important that these
drug interactions be closely managed (7, 8).

The drug package insert is the most basic tool for
supplying information on drugs to health care
providers. In order to avoid adverse effects
induced by pharmacokinetic drug interactions, it is
important to provide quantitative information on
drug interactions in the package insert. The format
and content of the package insert are governed by
regulatory authorities in each region, based on
scientific knowledge, medical preferences and his-
tory. Information on pharmacokinetic interactions
is provided in the sections on precautions and drug
metabolism. In 1993, concomitant use of sorivu-
dine, a newly approved anti-viral drug, and fluor-
ouracil, an anticancer drug, caused 23 cases of
severe toxicity including 16 deaths in Japan as a
result of fluoro-pyrimidine toxicity (9). These serial
deaths which occurred soon after approval of the
drug, became infamous in Japan, and led to many
reforms of the Japanese drug regulatory systems
(10, 11). Despite a warning statement that sorivu-
dine should not be used in combination with
anticancer drugs, this message was not highlighted
clearly and did not specify the potential lethality of
the interaction. After this tragedy, the drug inter-
action sections in the precautionary section of the
package insert were revised to make them easier to
understand. Current guidelines for package insert
were established in 1997 (12-14) and stipulate that
the drug interaction section should be prepared in
tabular format, and also that the mechanism of
interaction and their management must be indica-
ted for each drug. Under these guidelines,
‘Contraindication” means that the drugs must not
be co-administered whereas Precaution” indicates
that careful monitoring should be undertaken.

In this paper, we review published clinical
pharmacokinetic drug interactions with statins and

analyse whether or not the relevant information is
reflected in the package inserts distributed in
Japan. We also compared the Japanese package
inserts with package inserts used in the USA, as
several statins were developed by USA-based
companies and the USA is the biggest market for
statins. The content of USA package inserts is
governed by 21 C.ER. Sect. 201-56 to 57 with the
information provided in the warning and drug
interactions sections.

METHOD

A MEDLINE search from 1966 to June 2004 was
carried out to identify studies on clinical pharma-
cokinetic drug interaction studies for the five statins
approved in Japan, simvastatin, atorvastatin, flu-
vastatin, pravastatin and pitavastatin. We collected
information on area under the blood concentration—
time curve (AUC) and maximum blood concentra-
tion (Cmax for co-administration of statins and
grapefruit juice or the following 28 drugs; itracon-
azole, fluconazole, ketoconazole, erythromycin,
clarithromycin, azithromyecin, ritonavir, saquinavir,
nelfinavir, cyclosporine, fenofibrate, gemfibrozil,
rifampicin, verapamil, diliazem, mibefradil,
cimetidine, ranitidine, omeprazole, propranolol,
diclofenac, troglitazone, pioglitazone, irbesartan,
tolbutamide, glibenclamide, warfarin and digoxin.
Although the protocols were different in each
study, the ratio of AUC with and without
co-administration was used primarily as the best
parameter for comparing published information
with those in the package inserts.

The current package inserts used in Japan were
obtained from the website of the Pharmaceuticals
and Medical Device Agency (http://www.pmda.
gojp) whereas the USA package inserts were
obtained from the Food and Drug Administration
website (http://www.fda.gov). Each web site was
accessed in May 2004. An additional data search
was conducted using MEDLINE and Japana Centra
Revuo Medicina (Japan Medical Abstracts Society)
when informaton in the package inserts was not
found in the first search.

RESULTS

Five statins, simvastatin, atorvastatin, fluvastatin,
pravastatin and pitavastatin are currently on the

© 2005 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 30, 21 37
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market in Japan. The chemical structure of these
drugs is shown in Fig. 1, whereas the year of
approval and dosage of each statin registered in
Japan and the USA, and the enzymes involved
in metabolism of the drugs are summarized in
Tables 1 and 2, respectively. Information from the
literature on pharmacokinetic drug interactions
and statements contained in the packages of each
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Literature reflection in statins’ labelling 23

of the statins are summarized in Tables 3-7. Each
table contains all the drugs with pharmacokinetic
interactions found either in the literature search or
on the Japanese package inserts. For convenience,
we classify the strength of interaction into the fol-
lowing three classes on the basis of changes in
AUC. This classification system is similar to that
used for CYP3A4 inhibitors in the midazolam
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Fig. 1. Chemical structures of
statins.

Table 1. Dosage and year of

UsSA

approval of statins Japan

Dose (mg/day) Approval year

Dose (mg/day) Approval year

Simvastatin ~ 5-20" 1991 5-80 1991
Atorvastatin 1040 2000 10-80 1996
Fluvastatin ~ 20-60 1998 40-80° 1993
Pravastatin =~ 10-20 1991 40-80 1991
Pitavastatin =~ 1-4 2003 Not approved  Not approved

510 mg/day in original. Increased to 20 mg/day after amendment in 2001,
bRecommended starting dose is 2040 mg/day.

© 2005 Blackwell Publishing Lid, Journal of Clinical Pharmacy and Therapeutics, 30, 21-37
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Table 2. Enzymes involved in the metabolism of stating and their description in the package inserts

Package insert (Japan) Package insert (USA)
Responsible Drug Drug Pharmacokinetics /
enzyme interaction Pharmacokinetics interaction metabolism
Simvastatin ~ CYP3A4 (15) CYP3A4 - CYP3A4 (alsoin  CYP3A4
] warning section)
Atorvastain CYP3A4(15) CYP3A4 CYP3A4 Cytochzome Cytochrome
P450 3A4 P450 3A4
Fluvastatin ~ Mainly CYP2C9 - CYP2C9 2C9 (75%,), 2C9 (75%),
(15, 16) 2C8 (5%), 2C8 (5%),
3A4 (20%) 3A4 (20%)
Pravastatin = Not metabolized - Not metabolized  Not metabolized -
significantly by by CYP 3A4 by cytochrome
CYPs (15) P450 3A4
Pitavastatin ~ Metabolized Hardly metabclized Slightly Not approved Not approved
slightly by (slightly metabolized  metabolized
CYP2C5(17, 18) by CYP2C9) (CYP2C9)

study (19) with one to twofold as weak, two to
fivefold as moderate, and greater than fivefold as
strong.

Simvastatin

In the literature column, the extent of changes in
AUC for simvastatin resulting from interactions
with a number of other drugs is given. Itraconazole,
erythromycin, human immunodeficiency virus
(HIV) protease inhibitors (ritonavir plus saquinavir
soft-gel capsules), nelfinavir, cyclosporin, and dil-
tiazem showed strong interactions, whereas gemfi-
brozil and verapamil showed moderate,
troglitazone weak, and pioglitazone and irbesartan
no interactons. In contrast, rifampicin induced a
large drop in simvastatin’s AUC. With regard to
digoxin, simvastatin caused a small increase in the
AUC for digoxin without any change in its own
AUC. Unexpectedly, grapefruit juice had a moder-
ate effect when taken in regular volume but a strong
effect when high volumes were consumed (Table 3).

The Japanese package insert listed the metabolic
enzyme CYP3A4 in the drug interaction section
(Table 2). Itraconazole and miconazole were clas-
sified as contraindicated drugs for co-administra-
tion with simvastatin because they both increased
the risk of rhabdomyolysis by inhibiting CYP3A4
metabolism. No quantitative information was pro-
vided for either drug, although as miconazole is the

same type of CYP3A4 inhibitor as itraconazole, this
information may have been relevant. Precautions
regarding co-administration were listed for eryth-
romycin, clarithromycin, cyclosporin and HIV
protease inhibitors such as ritonavir, because of the
risk of rhabdomyolysis from potential inhibition on
CYP3A4 metabolism. However, no quantitative
information was provided, and there was also no
explanation on the rationale used to classify the
drugs with strong potency as either contraindica-
ted or precautionary. Cyclosporin was the only
drug with a precautionary statement that dose
adjustment should ‘not exceed 10 mg/day’,
although no specific reason was given to support
this statement. None of the other drugs with
pharmacokinetic interacions documented in the
literature were listed in the package inserts.
Although there was a statement on pharmacoki-
netic interaction with grapefruit juice, no informa-
tion on changes in the AUC for simvastatin were
provided despite the intake volume of grapefruit
juice being defined. Furthermore, this information
may be easily ignored as it was located in a sep-
arate section labelled ‘Other precautions’, follow-
ing the ‘Other adverse effects” section. This section
was separate from the information on drug inter-
actions section but formed part of the precaution
chapter.

The package insert from the USA listed the
names of all the strong and moderate effectors cited

© 2005 Blackwell Publishing Ltd, Journal of Clinical Pharmacy and Therapeutics, 30, 21-37
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in the literature with the exception of diltiazem and

= g
: é k] g %D . rifampicin in the warning section on the increased
.E g _'é e E -g risk of developing myopathy/rh:_abdomyolysm.
S5l ., © g E S Quantitative information was provided only for
sl < Rl =z digoxin. For grapefruit juice, quantitative data of a
0 E O
SE|l e 8x8 2 v 16-fold increase (36) and a 1-88-fold increase
{unpublished) were given in the warning section
g with a recommendation on the maximum volume
3 of grapefruit juice that may be consumed con-
% comijtantly with simvastatin.
= I [
Atorvastatin
- g g g There is evidence that this stain has a strong
° g *§ § "‘G; interaction with cyclosporin, moderate interactions
<« | 2 EJ @y g with itraconazole, ritonavir plus saquinavir soft gel
S & & E A E H E 5 capsules and grapefruit juice, whereas erythromy-
cin, clarithromycin and nelfinavir have only weak
- potency. Troglitazone has been shown to induce a
2w small reduction in the AUC of atorvastatin,
I _% whereas azithromycin and dmetidine have no
] effect. The AUC of digoxin has been reported to be
E= increased marginally following co-administration
g 2 of atorvastatin (Table 4).
© ! ! The Japanese package inserts for atorvastatin
stated the potential for inhibition of the metabolic
g 2 T enzyme CYP3A4 in the drug interaction section
g E § (Table 2), and without giving any quantitative data,
g = ?6 cautioned against co-administration of itraconazole,
= 4 Z erythromycin and cyclosporine because of the risk of
rhabdomyolysis. A precaution was also stated for
g g clarithromycin and HIV protease inhibitors on the
Y £ g basis of quantitative data on metabolic inhibition
g 2 g g similar to that obtained from our literature search.
& & = & Cimetidine and troglitazone were not listed, with the
latter agent having been withdrawn from the market
o several years ago. Concurrent use with digoxin was
= 'g ¥ 3 listed as a precaution due to the possibility of an
vl - S FUz3 ¢ &  increase in plasma digoxin concentration resulting
2 8 B E 8lka §: £  from inhibition of P-glycoprotein-mediated exclu-
s B Bg bfT 5 g  sion Despite grapefruit juice having proven weak to
28 g § g §S 3 T = moderate interactions with atorvastatin, no infor-
& "5 "5 k- 5 Qe 3 I - . . .
g8l o of 2% 2 £ mation was provided in the package insert.
- 49| Z2 = Z & & 2 In the USA package insert, although itraconaz-
g E = & ole, erythromycin and cyclosporine were listed in
'g 4 & g g the wamf'ng s-ection, c?nlj{ exythmmycifl _was
U E e accompanied with quantitative data describing a
t;i 'g ' g g iy % 8 40% increase in the plasma concentration of ator-
= a2 8 28 2 &e £ vastatin. Despite darithromycin, HIV protease
= o =2 a +© &%  inhibitors and grapefruit juice having similar or
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Table 7. Pharmacokinetic information on pitavastatin drug interactions and the description in the package insert

Japan
Literature: Quantitative data/
changes in AUC  Status Mechanism dose adjustment
Cycdlosporine 4-55-fold (66) Contraindication — AUC: 4-6-fold, Cpuy: 6-6-fold
Fenofibrate 1-18-fold (67) Contraindication  Either drug are known 1-2-fold
(as fibrates) to induce rhabdemyolysis
Gemfibrozil® - 1-44-fold (67) - 1-4-fold
Grapefruit juice  1-16-fold (67) -
—, No data.
“Not approved in Japan.

even greater potency than erythromycin, these
drugs were not listed. The drug interaction section
contained a statement that cimetidine had no
interaction with atorvastatin, whereas the quanti-
tative data on digoxin interaction was the same as
that provided in the Japanese package insert.

Fluvastatin

The literature search showed that cyclosporine was
of moderate potency, fluconazole weak potency
whereas didlofenac had no effect. No changes in
the pharmacokinetics of fluvastatin were reported
for itraconazole, ketoconazole, erythromycin,
gemfibrozil, propranolol, tolbutamide and gliben-
clamide. Oral clearance of fluvastatin is increased
by rifampicin, whereas the AUC for warfarin and
digoxin is not affected by fluvastatin (Table 5).
The drug interaction section in the Japanese
package insert did not include the major metabolic
enzyme CYP2C9 although this information was
contained in the section on drug metabolism
(Table 2). No information on fluconazole, a specific
inhibitor of CYP2C9, was provided. Cyclosporin
and erythromycin are listed as precautions due to
the risk of rhabdomyolysis although no quantita-
tive data are provided. Bezafibrate is identified as a
precaution as it has the potential to increase the
concentration of fluvastatin in blood by inhibiting
hepatic enzymes. This precaution is not backed up
by quantitative information. Rifampicin is listed as
a precaution because of the increased potential for
oral clearance of fluvastatin. Although there are no
reports of pharmacokinetic interactions in the
literature, cimetidine, ranitidine and omeprazole

are classified as precautions as they may also cause
high statin blood concentrations by inhibition of
hepatic enzymes. No quantitative data are provi-
ded with this precaution. Warfarin and digoxin are
listed as precautions, with neither mechanism nor
quantitative data provided. A list of drugs shown
not to interact with fluvastatin is not provided.

The USA package insert lists erythromycin,
cycdlosporin and gemfibrozil in the warning section,
accompanied by quantitative data for erythromycin
(no change), gemfibrozil (no change) and cyclosp-
orin (1-9-fold, decrease in value obtained from
current literature data). As fibrates, bezafibrate is
also listed in the warning section although no
pharmacokinetic reason is given for this classifica-
tion. Quantitative data for itraconazole, rifampicin,
cimetidine, diclofenac, tolbutamide, glibenclamide,
warfarin and digoxin are provided in the drug
interaction section,

Pravastatin

The literature search demonstrated that only
cyclosporin has strong interactions with pravastatin,
with gemfibrozil having moderate, and itraconazole
weak effects. The HIV protease inhibitors, ritonavir
and saquinavir soft gel capsules, rifampicin and
propranolol decreased the AUC for pravastatin.
Although the AUC for pravastatin was increased by
digoxin, the AUC of digoxin was not affected by
pravastatin. Fluconazole, fenofibrate, diltiazem,
mibefradil and grapefruit juice were reported to
have no effect on the AUC of pravastatin (Table 6).

The drug interaction section in the Japanese
package insert does not provide any information
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on metabolism of pravastatin (Table 2). Cyclospo-
rin s listed as a precaution because of the risk of
rhabdomyolysis although no pharmacokinetic rea-
son is given for this classification. On the contrary,
the pharmacokinetic section states that pravastatin
is not metabolized by CYPs and that itraconazole
and diltiazem therefore have no effect on pravast-
atin metabolism.

Both cyclosporin and fenofibrate are listed in the
warning section of the USA package insert, because
of the risk of rhabdomyolysis. Gemfibrozil is also
included in the warning section with information
on the urinary extraction rate and pharmacokinetic
changes affecting the active metabolite of pravast-
atin being provided in the drug interaction section.
Dosage adjustment of pravastatin is recommended
for concomitant use with cyclosporine but no
quantitative data is provided. Itraconazole,
digoxin, diltiazem, mibefradil or warfarin are listed
in the drug interaction section with quantitative or
detailed data, with the exception of mibefradil,
which has been withdrawn from the market.

Pitavastatin

The only interaction studies reported for pitavast-
atin are cyclosporine, fenofibrate, gemfibrozil and
grapefruit juice. All the original reports are written
in Japanese, and none is cited in MEDLINE.
Cyclosporin has moderate interactions with pit-
avastatin, gemfibrozil has weak effects, whereas
fenofibrate and grapefruit juice have no effect
(Table 7).

The Japanese package insert states that pit-
avastatin is metabolized to a minor degree by the
metabolic enzyme CYP2C9 (Table 2). Cyclosporin
is listed as a contraindication because of the risk of
rhabdomyolysis with no quantitative data being
provided. Fibrates are also stated as a contraindi-
cation because both pitavastatin and fibrates may
induce rhabdomyolysis, rather than for any phar-
macckinetic interaction between the two drugs.
Quantitative data for fenofibrate and gemfibrozil
are contained in the pharmacokinetics section. Pit-
avastatin is not approved in the USA.

DISCUSSION

Drug interactions are one of the most important
consideration in the safe and proper use of

Literature reflection in statins’ labelling 31

medicines. Interactions involve toxicodynamics,
such as synergistic or additive adverse effects, and
pharmacokinetics, such as an increase or decrease
in the concentration of the drug in the blood. These
latter changes are evaluated by quantitative data
from clinical pharmacokinetic interaction studies. It
is possible that such studies do not always predict
actual drug interactions in patients as they usually
adopt a cross-over design, are conducted in a small
number of young healthy volunteers and use
single-dose administration of the target drug. Fur-
thermore, the studies are subject to publication bias
with positive data more likely to be published than
negative data (68). However, the results of all
studies should be taken into account as this data
may at the very least indicate a potential drug
interaction under certain conditions. We believe
that such information, if clearly presented in drug
package inserts, would be very helpful to health
care providers.

Some Japanese package inserts for statins give
no information on drug metabolic enzymes in the
drug interaction section. This lack of information
may make it very difficult for health care providers
to have a clear understanding of this potential
interaction. Of the pharmacokinetic interactions,
inhibition or induction of CYP enzymes, partic-
ularly CYP3A4, is probably the most common
cause of documented drug interactions (69, 70),
with several drugs having been withdrawn from
the market as a consequence of serious adverse
effects resulting from CYP-mediated interactions
(71). This type of interaction is therefore a major
consideration in the safe and proper use of statins
and accordingly the majority of health care pro-
viders would refer only to the precautionary
chapter including the drug interaction section
when prescribing or dispensing these drugs. We
consider that the lack of information on the meta-
bolic enzymes in this section is unhelpful.

The strength of any warnings relating to
co-administration status of drugs do not always
reflect the strength of interaction between the
drugs, with moderate or even strong pharmacoki-
netic interactions not being detailed in the package
inserts in some cases. For example, a large amount
of grapefruit juice (35, 36) and HIV protease
inhibitors (ritonavir plus saquinavir soft-gel cap-
sules) (23) increases plasma simvastatin levels
more than 10-fold. This is comparable with the
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