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Purpose: The aims of this study was to investigate the mutual pharmacokinetic interactions
between steady-state atorvastatin and metformin and the effect of food on the fixed-dose
combined (FDC) tablet of atorvastatin and metformin extended release (XR).

Subjects and methods: Study 1, an open-labeled, fixed sequence, multiple-dose pharma-
cokinetic drug-drug interaction study, was divided into 2 parts. Atorvastatin (40 mg) or
metformin (1,000 mg) XR tablets were administered once daily via mono- or co-therapy for
7 days. Plasma levels of atorvastatin and 2-OH-atorvastatin, were quantitatively determined
for 36 h in part A (n=50) while metformin plasma concentration was measured up to 24 h in
part B (n=16) after the last dosing. Study 2, a randomized, open-labeled, single-dose, two-
treatment, two-period, two-sequence crossover study, involved 27 healthy subjects to
investigate the impact of food intake on the pharmacokinetics of a combined atorvastatin/
metformin XR 20/500 mg (CJ-30056 20/500 mg) tablet.

Results: After multiple doses of mono- or co-therapy of atorvastatin (40 mg) and metformin
(1,000 mg) XR, the 90% confidence intervals (CIs) of the geometric mean ratios (GMRs) for
the peak plasma concentration at steady state (Cpaxss) and area under the plasma concentra-
tion—time curve during the dosing interval at steady state (AUC, ) were 1.07 (0.94-1.22)
and 1.05 (0.99-1.10) for atorvastatin, 1.06 (0.96-1.16) and 1.16 (1.10-1.21) for 2-OH-
atorvastatin, and 1.00 (0.86—1.18) and 0.99 (0.87-1.13) for metformin, respectively. Food
delayed time to reach maximum concentration (t.y), decreased atorvastatin Cp,,x by 32%
with a GMR (90% CI) of 0.68 (0.59-0.78), and increased metformin AUC; by 56% with
a GMR (90% CI) of 1.56 (1.43-1.69).

Conclusion: No clinically relevant pharmacokinetic interaction was seen when atorvastatin
was co-administered with metformin. Food appeared to change the absorption of atorvastatin
and metformin from an FDC formulation. These alterations were in accordance with those
described with the single reference drugs when ingested with food.

Keywords: pharmacokinetics, drug interaction, atorvastatin, metformin, food effect

Introduction

Cardiovascular disease (CVD) is the leading cause of death and morbidity for
patients with type 2 diabetes.' All adult diabetes patients are at a high risk of
a recurrent cardiovascular event, and hyperlipidemia is one of the major risk factors
for cardiovascular events.! During glucose control, it is recommended that an
assessment of the cardiovascular risk factor be performed at diagnosis and at

least annually.’ Among the risk factors of CVD, co-morbidity of type 2 diabetes
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and dyslipidemia is approximately 80%, which means
many people with type 2 diabetes mellitus also have
dyslipidemia.? It is strongly recommended by the
International Diabetes Federation Guideline Development
Group to treat dyslipidemia in high-risk individuals with
type 2 diabetes mellitus.* Strong and consistent evidence
has shown that statins reduce the risk of death or CVD
events over a wide range of cholesterol levels; this was
also observed when the cholesterol level was within the
normal range.”’ For persons with type 2 diabetes, it is
highly recommended that dyslipidemia be treated conco-
mitantly with glucose control. It is also recommended that
combination therapy of antidiabetic drugs and statin be
indicated.” Owing to this, in a clinical setting, hypoglyce-
mic medication and lipid-lowering agents are frequently
prescribed together.

As a 3-hydroxy-3-methyl-glutaryl coenzyme A reductase
inhibitor, atorvastatin efficiently reduces cholesterol® and
triglyceride levels in a dose-dependent manner in hyperlipi-
demic patients. Among statins, atorvastatin results in greater
reductions in cholesterol and triglycerides than other drugs in
this class. It has also become one of the most widely used
statin worldwide.* ' Atorvastatin is administered in the
active acid form, which is completely absorbed after oral
administration. However, atorvastatin is extensively metabo-
lized by cytochrome P450 3A4 (CYP3A44) in the gut wall and
liver, to form the main active hydroxy-metabolite, ortho-
hydroxy-atorvastatin (2-OH-atorvastatin).'' Metformin is
generally considered the first choice oral medication for the
treatment of type 2 diabetes, unless there is evidence of renal
impairment or other contraindications.'> Metformin does not
undergo metabolism'® and is eliminated in the urine as
unchanged drug. It also has a half-life of approximately
5 h."* When administered once daily, metformin extended
release (XR) appears more effective than the conventional
immediate release formulation for the improvement of
glyco-metabolic control, lipid panel, and the levels of some
adipocytokines in type 2 diabetes mellitus patients."
However, an evaluation of the effect of food on a fixed-
dose combination tablet containing € component, is required
during drug development. This is because the gastrointest-
inal pH and changes in transit time can result in variability in
drug release and/or absorption.

To develop a novel combination tablet containing ator-
vastatin (20 mg) and metformin (500 mg) XR, we con-
ducted 2 clinical studies. Study 1 investigated the mutual
pharmacokinetic interaction of reference formulation of
atorvastatin and metformin XR after multiple-dose

administration. Study 2, on the other hand, was aimed at
assessing the effect of food on FDC tablet containing
atorvastatin and metformin XR.

Material and methods

Subjects

The study protocols (ClinicalTrials.gov identifier:
NCT01765023 for Study 1 and NCT02160743 for Study 2)
were reviewed and approved by the Inje University Busan
Paik Hospital Institutional Review Board. The study was
conducted in accordance with the Declaration of Helsinki,
the International Conference on Harmonisation of Good
Clinical Practice (ICH-GCP), and the guideline for Korean
Good Clinical Practice (KGCP).

Healthy male subjects aged 19-45 years and within
20% of their standard body weight according to the
Broca formula,'® were eligible for participation in the
studies. The volunteers were determined to be healthy by
physical examination, vital signs, 12-lead ECG, and clin-
ical laboratory values. Subjects that met any of the follow-
ing criteria were excluded: administration of inducers or
inhibitors of CYP3A4 1 month prior to this study, symp-
toms of acute disease 4 weeks prior to this study, an
allergic disease history or hypersensitivity reactions, gas-
trointestinal surgery or disease that could potentially
impact drug absorption during the study period, abnormal
laboratory test results, excessive caffeine intake (>5 cups/
day), smoking (>10 cigarettes/day), alcohol consumption
(>30 g/day), a special diet containing foods known to
influence the pharmacokinetic of the drugs administered
in the study (eg, grapefruit juice), a history of participation
in another clinical study 60 days prior to this study,
donated blood 60 days prior to this study, or has
a known allergy to metformin or atorvastatin. All subjects
gave written informed consent before study initiation.

Study design

The schematic designs of two studies are shown in Figure 1.
In Study 1, an open-labeled, fixed sequence, consisting of
multiple dosing was applied to evaluate the pharmacoki-
netic interactions of atorvastatin and metformin at steady
state. This drug interaction study consisted of 2 parts: part
A evaluated the pharmacokinetic of atorvastatin while part
B evaluated the pharmacokinetic of metformin. For atorvas-
tatin and metformin, with approximate 8 hr half-life in
subjects with normal renal function, steady-state concentra-
tions could be reached after 4-5 days. Therefore, to evaluate
the effect of metformin XR on atorvastatin disposition in
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Study 1 _
Screening Washout period* Folloe-up
| ) Atorvastatin 40mg QD for 7 days . ) Atorvastatin 40mg QD + Metformin SR 1000mg QD for 7 days D35-37
Part A (n=60) f f e, o 1
D-28 D1 D7 s D22 29 Folloe-up
Part B (n=20) | . Metformin SR 1000mg QD for 7 days N o Alorvastatin 40mg QD + Metformin SR 1000mg QD for 7 days D28-30
— I T T T 1
D-28 D1 D7 D14 D21
Study 2
Screening Washout period Folloe-up
\ \ 2 tabs CJ-30056 20/500myg (fasting state) | 2 tabs CJ-30056 20/500mg (fasting state) 1541 days
Group 1(n=14)t f e L3 7t f =
D-28 D1 D2 T D10 D11
Group 2(n=14)} : 2 tabs CJ-30056 20/500mg (fed state) :_// \\\1 2 tabs CJ-30056 20/500mg (fasting state) :
D-28 D1 D2 D10 D11

Figure | Study design. *In study I, the washout periods in part A and part B are 2 weeks and | week, respectively.

a steady state in part A, atorvastatin (40 mg) was dispensed
once daily for 7 days. After the 2-week washout period,'”
atorvastatin (40 mg) and 2 tablets of metformin (500 mg)
XR were dispensed together once daily for 7 days. The
drugs were administered at 8 AM, following overnight
fasting. Plasma samples were collected at pre-dose (0 h),
0.33, 0.66, 1, 1.5, 2, 3, 4, 6, 8, 12, 24 and 36 h on the
7th day of every administration of atorvastatin (only), and
combined atorvastatin and metformin XR. The number of
subjects was calculated from previous studies.'””'® The
minimal number of subject enrolled was 47; however,
after the expected dropout, 60 subjects were enrolled. To
investigate the effect of atorvastatin on metformin pharma-
cokinetics at steady state in part B of study 1, 2 tablets of
metformin (500 mg) XR were dispensed once daily for
7 days. After the 1-week washout period,'* 2 tablets of
metformin (500 mg) XR and atorvastatin (40 mg) were
dispensed once daily for 7 days. The drugs were adminis-
tered at 8 AM, following an overnight fasting. Plasma
samples for metformin were collected every 7th day at
predose (0 h), 1, 2, 3,4, 5,6, 7, 8, 10, 12, 14 and 24 h.
The number of subjects was calculated from previous
studies."*'” Based on an inter-subject coefficient of varia-
tion of 22% for both the AUC,_; and C,,,, of metformin, the
minimum number of participants was 12; however, follow-
ing the expected dropout, 20 subjects were enrolled.
According to the recommendation of the US Food and
Drug Administration,”® to maximize the potential drug-
drug interaction (DDI) effect, atorvastatin (40 mg)
(Lipitor®, Pfizer, Inc.) and 2 tablets of metformin
(500 mg) XR (Glucophage® XR, Merck Serono, Inc.)
were used for in parts A and B of study 1.

Study 2 was performed to investigate the safety and the
effect of food intake on the pharmacokinetic of the FDC

tablet of atorvastatin/metformin XR 20/500 mg (CJ-30056
20/500 mg) (CJ HealthCare Co., Ltd., Korea) using
a randomized, open-labeled, single-dose, two-treatment,
two-period, two-sequenced crossover method. In the fasting
state study, the test drugs were administered at 8 AM, follow-
ing overnight fasting. In the fed state study, the drug was also
dispensed at 8 AM; however, a high-fat diet was provided
30 min before medication, and the subjects consumed their
meal in 10 mins. Fasting and fed state studies were per-
formed in a crossover manner with a washout period of
1 week. Plasma samples were collected pre-dose (0 h),
0.33, 0.66, 1, 1.5, 2, 3, 4,5, 6, 8, 12, 24 and 36 h, and pre-
dose (0 h), 1,2, 3,4,5,6,7,8, 10, 12, 14 and 24 h for
atorvastatin and metformin analysis, respectively. The num-
ber of subjects in the study was according to the Korean
bioequivalence study guideline.'* Based on the guided
recommendation of the FDA, a minimum number of
12 evaluable subjects per group should be recruited to con-
duct the bioequivalence studies. Considering the dropout
rate, 14 subjects were enrolled for each group.

To evaluate the safety of the drugs, vital signs (including
sitting blood pressure, heart rate, and tympanic temperatures),
physical examination, and laboratory tests (including hematol-
ogy, biochemistry and urinalysis) were assessed.

Bioanalysis

Blood sample was prepared by liquid-phase extraction for
atorvastatin and its metabolite. A simple protein precipita-
tion was applied to extract metformin from the plasma.
Validated LC-MS/MS methods were used to measure the
study drugs.?'** The assay had lower limits of quantifica-
tion (LLQ) in plasma, 0.2 ng/mL for atorvastatin and 2-OH-
atorvastatin, and 10 ng/mL for metformin. The validated
linear concentration ranges were 0.2—-100 ng/mL for
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atorvastatin and its metabolite and 10-3,000 ng/mL for
metformin. The overall coefficient of variation (CV) for
assay precision in atorvastatin and 2-OH atorvastatin ran-
ged from 1.4% to 4.7% and 1.4% to 4.0%, respectively. The
overall accuracy for atorvastatin and 2-OH atorvastatin
ranged from 91.5% to 109.5% and 92.3% to 105.2%,
respectively. The overall CV for assay precision and accu-
racy in metformin ranged from 0.6% to 2.3% and 96.6% to
105.1%, respectively.

Pharmacokinetic analysis and statistical

methods

Noncompartmental analysis was applied to describe pharma-
cokinetic profiles of atorvastatin, 2-OH-atorvastatin, and met-
formin for both studies using Phoenix WinNonlin® software,
version 6.3 (Pharsight Corporation, California). In study 1, the
maximum concentration at steady state (Cpaxss) and the area
under the concentration-time curve during dosing interval at
steady state (AUC,), were considered primary endpoints.
The Cinaxss and the time to reach Ciaxss (tmax,ss) Were calcu-
lated directly from the concentration-time curve. The AUC,
was calculated using a combination of linear-up and log-down
trapezoidal methods.

Continuous variables are expressed as mean + SD.
Geometric mean ratios (GMRs) and its 90% confidence inter-
vals (CIs) of Cpaxss and AUC, s, AUC,, AUC;y for atorvas-
tatin, its active metabolite, and metformin were estimated.

Statistical analysis was performed in the SAS software
(SAS Institute Inc., Cary, NC, USA) and R software, ver-
sion 3.2.4 (A Language and Environment for Statistical
Computing, Vienna, Austria®®). Time to maximum plasma
concentration comparisons were conducted using the
Wilcoxon signed-rank test and the Hodges—Lehmann esti-
mate of median difference. The frequencies of overall
adverse events (AEs) and AEs classified by system organ
class were compared between treatments by means of
a 95% CI for the difference between paired proportions
and P-values from McNemar’s test.

Results

Study subjects

In the study of atorvastatin DDI with metformin (Study 1),
50 of the 60 subjects completed the study as 5 subjects
withdrew consent, 2 were excluded due to investigator’s
discretion, and 3 were excluded due to the lab abnormality
result of mild hepatic enzyme elevation. In the study of
metformin DDI with atorvastatin, 16 of the 20 subjects

completed the study as 2 subjects withdrew and 2 were
excluded because of mild hepatic enzyme elevation. In
study 2 to assess the effect of food on FDC tablet,
1 subject withdrew and a total of 27 subjects completed
the study.

In the DDI study, mean + SD values for age, weight,
height in part A and B of study 1 were 24.88+3.53 and
23.9042.34 years, 69.32+6.12 and 66.12+6.70 kg, 174.57
+5.54, and 175.95+£5.52 cm, respectively. The effect of
food study was conducted in Korean adult male subjects
ranging in age from 20 to 29 years (mean = SD, 24.36
+2.47 and 25.29+2.70), weighing between 69.58+9.22 and
67.43+8.93 kg, and averaging 175.57+6.32 and 174.50
+4.94 cm in height for groups 1 and 2, respectively. The
participants’ demographic characteristics did not differ
significantly between the sequences and parts in both
studies (P-value >0.05, 2-sample #-test)

Drug-drug interaction study

Figure 2 shows the plasma concentration versus time pro-
files of atorvastatin, 2-OH atorvastatin, and metformin.
The pharmacokinetic parameters and statistics are pre-
sented in Table 1.

When the co-therapy regimen was administered,
2-OH-
atorvastatin, and metformin were minimally affected
(<20% Atorvastatin - AUC,
increased when co-administered with metformin by 5%
and 7% (GMR [90%CI], 1.05 [0.99-1.10] and 1.07
[0.94-1.22], respectively); the tmaxss (~1 h) did not
differ (P-value=0.495, Hodges-Lehmann estimate).
Similarly, the AUC, s and Cpaxss 0f 2-OH-atorvastatin
increased by 6% and 5% (GMR [90%CI], 1.16
[1.10-1.21] and 1.06 [0.96-1.16], respectively). The
tmaxss (<2 h) and elimination half-life displayed no

steady state exposures of atorvastatin,

change) . and Cmax,ss

recognizable difference when metformin was dispensed.
In addition, AUC, i, and Cy,ax ss for metformin at steady
state were similar to the GMR (90%CI) values (0.99
[0.87-1.13] and 1.01 [0.86-1.18], respectively). The
tmax.ss and ty» did not appear to have a significant dif-
=0.152 and 0.838,
Hodges-Lehmann estimate) between with and without

ference (P-value respectively,
atorvastatin co-therapy regimen.

In general, AUC, is and Ciax s 0f 2-OH-atorvastatin,
the active metabolite of atorvastatin, and metformin
showed similar results compared to mono- and co-
administration (Figure 2B). The 90% Cls for the GMR

for the combination therapy to the monotherapy were
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Figure 2 Mean (standard error) plasma concentration—time profiles of atorvastatin (A), 2-OH-atorvastatin (B) and metformin (C) in healthy Korean subjects on Study Day 7
following the oral administration of atorvastatin 40 mgand 2 tablets of metformin 500 mg XR daily (red squares, dash line) or atorvastatin 40 mg (only) daily (blue circles, solid line).

Table 1 Pharmacokinetic parameters of atorvastatin, 2-OH-atorvastatinstherapy

Drug and Pharmacokinetic parameters Mono-therapy Combined therapy GMR (90%Cl)
Atorvastatin®

Crnaxss (ng/mL) 31.90+15.02 35.70+24.74 1.07 (0.94-1.22)
AUC, ; (ngh/mL) 98.99+42.03 108.06+65.60 1.05 (0.99-1.10)
AUC, (ng h/mL) 150.32469.85 155.80+89.68

trmaxss (1) 0.67 (0.33-3.0) 0.67 (0.33-7.67)

tin (h) 6.04%1.53 5.59+1.25

2-OH-atorvastatin®

Crnaxss (ng/mL) 16.49+9.26 18.37+15.68 1.06 (0.96—1.16)
AUC, i (ng h/mL) 101.05+38.40 119.00+66.26 1.16 (1.10-1.21)
AUC ¢ (ng h/mL) 111.05+41.48 173.48+93.63

tmaxss (h) 1.0 (0.67-6.0) 1.25 (0.67-12.0)

tiz (h) 7.12+0.99 6.71+1.23

Metformin®

Cinax,ss (Hg/mL) 1.09+0.36 1.11+0.39 1.00 (0.86-1.18)
AUC, ¢ (ug h/mL) 7.34+1.65 7.44+2.36 0.99 (0.87-1.13)
AUC,¢ (ug h/mL) 8.08%1.72 7.99+2.31

tmax,ss (h) 3.0 (2.0-5.0) 4.0 (2.04.0)

tin (h) 822+3.13 7.76+2.30

Notes: Values are presented as mean + SD and median (range). “Mono-therapy: 40 mg atorvastatin QD, Co-therapy: 40 mg atorvastatin QD and 1,000 mg metformin XR
QD. bMono-therapy: 1,000 mg metformin XR QD, Co-therapy: 40 mg atorvastatin QD and 1,000 mg metformin XR QD
Abbreviations: AUC_ , the area under the concentration-time curve during dosing interval at steady state; Ci,.x s, the maximum concentration at steady-state; AUC;, area
under the plasma concentration—time curve from time zero to infinity; tyax ss, time to reach Cpax <s; ti/2, terminal elimination half-life; SD, standard deviation; GMR, geometric mean

ratio.

completely within the limits of 0.80 and 1.25 for
AUC, s and Ciax s Of atorvastatin, 2-OH-atorvastatin,
and metformin.

Food effect study

Food showed a significant effect on the extent of absorption
of metformin from a combination tablet. GMR and 90% CI
for log-transformed C,,,, of atorvastatin in fed conditions

were lower than those in the fasting condition (32% lower;
GMR [90%], 0.68 [0.59-0.78]); AUC; did not differ. The
reduction in C,,,, suggested that food slowed the rate of
atorvastatin absorption in the combined tablet, as indicated
by the t,,., for atorvastatin and its active metabolite occur-
ring approximately 2—3 h later when fasting is compared to
the fed condition (Table 2 and Figure 3). Food significantly
increased the absorption of metformin from the FDC

Drug Design, Development and Therapy 2019:13
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Table 2 Pharmacokinetic parameters of atorvastatin, 2-OH-atorvastatin, metformin after a single oral dose of 2 tablets of fixed-dose
combined atorvastatin 20 mg/metformin 500 mg XR under fasted and fed conditions

Drug and Pharmacokinetic parameters Fasted condition Fed condition GMR (90% CI)
Atorvastatin

Crnax(ng/mL) 22.50+9.18 15.34+6.59 0.68 (0.59-0.78)
AUC, (ngh/mL) 102.75+36.81 102.15+37.01 1.00 (0.93-1.07)
AUC; ¢ (ng h/mL) 107.13£38.02 105.76+37.48

tmax (h) 0.66 (0.33-5.0) 3.0 (0.66-5.0)

tiz (h) 7.40+1.08 7.25%1.01

2-OH-atorvastatin

Crrax(ng/mL) 14.1245.99 14.61+6.14 1.06 (0.96-1.16)
AUC, (ngh/mL) 145.70+53.91 140.81+52.28 1.16 (1.10-1.21)
AUC,¢ (ng h/mL) 153.49+5.02 147.50+53.90

tmax (h) 2.0 (0.66-5.0) 5.0 (1.5-8.0)

tiz (h) 7.96+0.96 7.41+0.87

Metformin

Crax(g/mL) 1.10£0.30 1.10£0.21 1.03 (0.94-1.12)
AUC, (ug h/mL) 6.64+1.83 10.20+2.47 1.56 (1.43-1.69)
AUC, ¢ (ug h/mL) 7.00+1.86 10.48+2.55

tmax (h) 3.0 (1.04.0) 5.0 (4.0-8.0)

tina (h) 6.76+2.95 4.22+0.71

Notes: Values are presented as mean * SD and median (range).

Abbreviations: SD, standard deviation; GMR, geometric mean ratio; AUC,, area under concentration—time curve from time zero to the last sampling time; Cp,,x, the
maximum concentration; AUC;, area under the plasma concentration—time curve from time zero to infinity; tyay, time to reach C .y ti/2, terminal elimination half-life.
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Figure 3 Mean (standard error) plasma concentration-time profiles of atorvastatin (A), 2-OH-atorvastatin (B) and metformin (C) in 23 healthy Korean subjects following a single oral
administration of 2 tablets of fixed-dose combined atorvastatin/metformin XR 20/500 mg under fasted condition (blue circles, solid line) or fed condition (red squares, dash line).

formulation. GMR values and 90%CIs, AUC; and AUC;,¢
of metformin under fasted and fed conditions were 1.56
(143-1.69) and 1.51 (1.40-1.63),
A recognizable difference was not observed in the Ciax,
only 3% higher (GMR[90%CI], 1.03
[0.94-1.12]). Similarly with atorvastatin, the time to reach
the maximum concentration of metformin was slower as

respectively.

which was

this occurred approximately 2 h later under the effect of
food.

Safety and tolerability profile

Co-administration of metformin and atorvastatin in multi-
ple doses for 7 days and in a single-dose were well
tolerated in healthy subjects. No serious adverse events
were reported. In the DDI study, to evaluate the effect of
metformin on the pharmacokinetic of atorvastatin at steady
state, 10 of the 60 participants (16.67%) in monotherapy
group and 13 of the 51 participants (25.49%) in the co-
therapy group reported drug-related AEs and laboratory
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abnormalities. However, the difference between the
2 treatments was not statistically significant (P-value
=0.241, McNemar’s test). To investigate the impact of
atorvastatin on the pharmacokinetic of metformin, 7 of
the 20 participants (35%) in the monotherapy group and
2 of the 17 participants (11.76%) in the co-therapy group
reported drug-related AEs and laboratory abnormalities.
There was no significant difference between the 2 groups
(P-value =0.850, McNemar’s test). The most common
reported AE was gastrointestinal disorders in both parts
of the study. All AEs were noted as being mild to moder-
ate with a spontaneous recovery.

In the effect of food evaluation study, 1 of 27 subjects
(3.7%) reported to having a mild headache after taking an
FDC of atorvastatin/metformin XR 20 mg/500 mg in fast-
ing state whereas no adverse events occurred among the
27 subjects was reported during fed condition. No clini-
cally remarkable alterations were observed in the labora-
tory tests results, including hematology, biochemistry, and
urinalysis, vital signs, or physical examination.

Discussion

The present study demonstrated that there was no clini-
cally relevant interaction between atorvastatin and metfor-
min XR when co-administered after multiple dosing; the
combination was well tolerated by the study subjects. We
also observed that food increased metformin XR exposure
without affecting atorvastatin bioavailability.

Differences between the pharmacokinetic properties of
atorvastatin and metformin have been illustrated in pre-
vious studies.”***° Atorvastatin was extensively metabo-
lized by CYP3A to form active metabolites whereas
metformin was not metabolized in the liver.'>*® In various
transport studies, atorvastatin has been demonstrated to be
a P-glycoprotein substrate and an inhibitor of multidrug
resistance-associated protein 2 (MRP2) and organic anion
transporting polypeptide. Interestingly, organic cation
transporters are primarily responsible for the absorption,
liver uptake and renal excretion of metformin.'**’® This
suggests that the possibility of DDI between atorvastatin
and metformin is minute.

A great advantage of the co-administration of metformin
and atorvastatin has been reported. Tousoulis et al observed
that the combination partially prevented glucose loading
induced elevation of glucose levels, and reduced the post-
glucose loading levels of TNF-a compared to metformin
monotherapy.”® The study by Matafome et al evaluated
liver complications occurring in type 2 diabetes patients

with hyperlipidemia and the effects of atorvastatin and met-
formin. Indeed, the combination therapy further lowered
C-reactive protein, adiponectin, liver tumor necrosis factor-
a and interleukin-6, systemic and hepatic oxidative stress and
portal inflammation. Another study indicated that the combi-
nation of atorvastatin and metformin may improve liver
injury in people with type 2 diabetes mellitus with
hyperlipidemia.®® A study investigating the effect of statins
on glucose-induced endothelial dysfunction indicated that in
patients with type 2 diabetes, glucose loading blunted
endothelial

dependent dilation (EDD). The co-administration of metfor-

function and deteriorated endothelium-
min and atorvastatin for 6 weeks partially prevented the
glucose-induced impairment of EDD in these patients.*'
More interestingly, metformin inhibited both glucose and
lipid biosynthesis by downregulating sterol regulatory ele-
ment —2 gene expression.>> These findings support the need
for the combined formulation of metformin and atorvastatin
when treating type 2 diabetes mellitus with or without dysli-
pidemia. This will decrease the pill burden and increase
patient compliance.

Based on these facts, the atorvastatin/metformin XR
20 mg/500 mg FDC tablet was developed and mutual phar-
macokinetic (PK) interaction was evaluated in healthy
subjects against the reference formulation of atorvastatin
and metformin XR after multiple-dose administration. The
results of our study clearly showed that the two therapies
containing mono- and co-therapy displayed similar phar-
macokinetic profiles for atorvastatin and metformin in
healthy subjects. The 90% ClIs for pharmacokinetic para-
meters (Cmax and AUC) for atorvastatin and metformin
were well within regulatory acceptance criteria, demon-
strating no clinically significant PK interaction at steady
state of atorvastatin when combined with metformin XR.

The regular administration of metformin XR tablet is
once daily with the evening meal, while atorvastatin is
prescribed for intake either in the morning or in the eve-
ning, regardless of meal consumption. Owing to different
drug administrations between atorvastatin and metformin,
an additional study was carried out to evaluate the impact
of food intake on the pharmacokinetic behaviors of the
2 drugs. Two tablets of atorvastatin/metformin XR
20/500 mg [total dose of atorvastatin (40 mg) and metfor-
min (1,000 mg)] FDC were administered once for the
fasting and fed state. The delaying effect of food on the
absorption of atorvastatin and metformin was expected,
and were similar in magnitude to changes observed in
previous food effect pharmacokinetic studies using the
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reference formulations.®>> When the fed state pharmacoki-
netic parameters of atorvastatin were compared to the
fasting state, C,,x decreased by 32% (GMR [90%CI],
0.68 [0.59-0.78]), whereas AUC,; was similar (GMR
[90%CT], 1.00 [0.93—1.07]) to the fasting state. The results
showed that the absorption rate decreased while the total
absorption amount did not change when atorvastatin was
administered with food. Owing to high solubility and
permeability, atorvastatin acid is completely absorbed
after ingestion. However, atorvastatin acid extensively
undergoes a first-pass metabolism in the gut wall and
liver, with an oral bioavailability of 14%. Food decreases
the rate and extent of atorvastatin absorption after oral
administration."” Based on previous findings, the effect
of food does not appear to result in significant changes
in the clinical effect of the drugs.

The AUC; of metformin was significantly increased
by 56% (GMR [90%Cl], 1.56 [1.43-1.69]) during steady
state condition; however, the C,,., value (GMR [90%
CI], 1.03 [0.94-1.12]) did not change when compared to
the fasting The magnitudes of AUC,ptmax
(~2 hrs), and t;,, (0.46 hrs) following the administration
of metformin under the fed condition, were consistent

state.

with previous studies on XR formulation. A high-fat diet
delayed the median t.,,, by 3 hrs and decreased t;, of
metformin (substained-release) by 1.36 hrs in healthy
volunteers, without changing the AUC.* Although
a previous study of metformin XR found no change in
the Cpax, metformin was shown to be influenced by
food, with ~ a 40% lower C,.x, 25% lower AUC, and
tmax prolongation.3 > Metformin is a poorly absorbed drug
with a 50~60% bioavailability in the fasted state.
Although the extent of metformin absorption (as mea-
sured by AUC) from the metformin XR tablet increased
by approximately 50% when administered with food,
there was no effect of food on C., and t.,, of
metformin.?® The results of the bioavailability study for
the effect of food on FDC of atorvastatin and metformin
XR were similar to the results of single administration of
atorvastatin and metformin XR.

Conclusion

There is no clinically significant interaction at steady state of
atorvastatin when combined with metformin XR. However,
food slowed the rate of atorvastatin absorption and increased
the extent of metformin absorption from an FDC of atorvas-
tatin/metformin XR 20 mg/500 mg. These changes are consis-
individual reference

tent with those observed in the

formulations for administration with food. All formulations
were safe and well tolerated based on the drug-drug and food-
drug pharmacokinetic study. The atorvastatin/metformin XR
20/500 mg FDC tablet is recommended to be prescribed for
intake with meals, to reduce the symptoms of gastrointestinal
intolerability associated with metformin.
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