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Telaprevir is a hepatitis C virus protease inhibitor that is both a substrate and an inhibitor of CYP3A.
Amlodipine and atorvastatin are both substrates of CYP3A and are among the drugs most frequently used by
patients with hepatitis C. This study was conducted to examine the effect of telaprevir on atorvastatin and
amlodipine pharmacokinetics (PK). This was an open-label, single sequence, nonrandomized study involving
21 healthy male and female volunteers. A coformulation of 5 mg amlodipine and 20 mg atorvastatin was
administered on day 1. Telaprevir was taken with food as a 750-mg dose every 8 h from day 11 until day 26,
and a single dose of the amlodipine-atorvastatin combination was readministered on day 17. Plasma samples
were collected for determination of the PK of telaprevir, amlodipine, atorvastatin, ortho-hydroxy atorvastatin,
and para-hydroxy atorvastatin. When administration with telaprevir was compared with administration with-
out telaprevir, the least-square mean ratios (90% confidence limits) for amlodipine were 1.27 (1.21, 1.33) for
the maximum drug concentration in serum (Cmax) and 2.79 (2.58, 3.01) for the area under the concentration-
time curve from 0 h to infinity (AUC0-�); for atorvastatin, they were 10.6 (8.74, 12.9) for the Cmax and 7.88 (6.84,
9.07) for the AUC0-�. Telaprevir significantly increased exposure to amlodipine and atorvastatin, consistent
with the inhibitory effect of telaprevir on the CYP3A-mediated metabolism of these agents.

Telaprevir is an orally administered inhibitor of the non-
structural 3/4A (NS3/4A) protease of the hepatitis C virus
(HCV) (11). In recent phase 3 studies of patients with chronic
hepatitis C (CHC), the addition of telaprevir as part of a
combination regimen with pegylated interferon and ribavirin
significantly increased the rates of sustained virologic response
(8, 17, 23). Telaprevir was recently approved in the United
States of America for the treatment of genotype 1 CHC in
adult patients with compensated liver disease (3).

Amlodipine is a dihydropyridine calcium channel antagonist
used to treat high blood pressure and angina or coronary artery
disease. Atorvastatin is a hydroxymethyl glutaryl coenzyme A
(HMG-CoA) reductase inhibitor used to lower high choles-
terol levels and reduce the risk of heart attack and stroke.
These two drugs are frequently prescribed for patients with
CHC and are commercially available as a coformulation (Ca-
duet; Pfizer) (1). Both amlodipine and atorvastatin are metab-
olized primarily by CYP3A (1). CYP3A-mediated metabolism
converts atorvastatin into two major active metabolites, ortho-
hydroxy atorvastatin and para-hydroxy atorvastatin, and three
inactive lactone metabolites corresponding to each acid form
(12). Both active acid metabolites are known to be equally as
potent as the parent drug and account for �70% of the total
HMG-CoA reductase inhibitory activity of atorvastatin (6).
Excreted primarily in the bile, atorvastatin is also a substrate
for P-glycoprotein and organic anion transporter protein
(OATP1B1/1B3) (1). Amlodipine is extensively metabolized,
primarily involving oxidation to the pyridine derivative with

subsequent oxidative deamination of the 2-aminoethyoxym-
ethyl side chain or deesterification at the 5-methoxycarbonyl
group. None of the metabolites have any significant calcium
antagonist activity relative to amlodipine (20).

Telaprevir inhibits CYP3A-mediated metabolism at thera-
peutic concentrations and may inhibit and/or saturate P-glyco-
protein in the gut. Therefore, this study was designed to eval-
uate the drug-drug interactions between telaprevir and
amlodipine and atorvastatin in healthy volunteers.

MATERIALS AND METHODS

Volunteers. Twenty-one healthy male (n � 15) and female (n � 6) volunteers
were enrolled at the Covance Clinical Research Unit, Inc., Daytona Beach, FL.
The female volunteers were documented not to have childbearing potential. At
screening, the volunteers were judged to be in good health on the basis of
medical history, physical examination, and routine laboratory measurement re-
sults. Volunteers had ended any short-duration courses of prescription medica-
tions, herbal medications, or dietary supplements (e.g., St. John’s wort, ginkgo
biloba, garlic supplements), vitamins, Seville oranges, grapefruit, or grapefruit
juice at least 14 days before the administration of the first dose of the study drug.
Prescription medications were not administered during the study. Volunteers
had stopped over-the-counter medications no less than 2 days before the first
administration of the study drug. Occasional use of acetaminophen or ibuprofen
was allowed during the study for the treatment of pain. Volunteers could not
consume alcohol from 72 h before the first dose of the study drug through the
follow-up visit and were nonsmokers (subjects who stopped smoking at least 6
months before screening were considered nonsmokers).

The protocol and informed-consent form were approved in accordance with
national procedures. All volunteers provided written informed consent before
participating in the study. The study was conducted in accordance with the
Declaration of Helsinki, Good Clinical Practice guidelines, and local laws and
regulations.

Study design. This was a phase 1, open-label, single-center, nonrandomized
study of telaprevir in combination with Caduet tablets containing 5 mg of am-
lodipine and 20 mg of atorvastatin (amlodipine-atorvastatin). Volunteers re-
ceived the following treatment: a single dose of amlodipine-atorvastatin alone on
day 1, followed by a washout period, telaprevir at a dose of 750 mg every 8 h
(q8h) on days 11 through 26, with a single dose of amlodipine-atorvastatin on day
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17. Outpatient visits occurred at the screening visit (between 3 and 28 days before
the first administration of the study drug); on days 3, 4, 6, 8, 12 through 14, and
21 through 27; and at a final safety visit approximately 6 days after the last dose
of the study drug. Volunteers were confined to the clinical research unit on days
�1 to 2, 10 to 11, and 15 to 20.

Drugs administered. Telaprevir (375-mg tablets, Patheon, Mississauga, On-
tario, Canada) was administered at 750 mg q8h orally in the fed state (30 min
after the start of a meal or snack).

Amlodipine-atorvastatin (25-mg fixed dose combination tablets containing 5
mg amlodipine and 20 mg atorvastatin; Pfizer Incorporated, New York, NY) was
administered orally as a single dose in accordance with the package insert 30 min
after the start of breakfast (1). During the study, compliance was assessed on an
ongoing basis by counting returned dosage units and reviewing the volunteer
logs. All volunteers were �90% compliant with the telaprevir dosing regimen,
and all volunteers received their scheduled doses of amlodipine-atorvastatin
(administered at the clinic).

Bioanalysis. Pharmacokinetic evaluations were based on the concentrations of
amlodipine, atorvastatin, ortho-hydroxy atorvastatin, para-hydroxy atorvastatin,
and telaprevir in plasma.

Plasma amlodipine, atorvastatin, ortho-hydroxy atorvastatin, and para-hydroxy
atorvastatin concentrations were determined predose and at 0.25, 0.5, 0.75, 1, 1.5,
2, 3, 4, 6, 8, 10, 12, 24, 48, 72, 120, 168, and 240 h after a single dose of
amlodipine-atorvastatin on day 1 and predose and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3,
4, 6, 8, 10, 12, 24, 48, 72, 120, 168, and 240 h after another single dose of
amlodipine-atorvastatin on day 17. Neither amlodipine nor atorvastatin is an
inhibitor of CYP3A, while telaprevir is a potent inhibitor of CYP3A. Thus, an
effect of amlodipine and atorvastatin on telaprevir pharmacokinetics (PK) was
not anticipated. Therefore, telaprevir PK were evaluated only on day 17 and
compared to those found historically. Plasma telaprevir concentrations were
determined at steady state predose and at 0.25, 0.5, 0.75, 1, 1.5, 2, 3, 4, 6, and 8 h
after the morning dose of telaprevir on day 17.

Analysis of all plasma samples was performed using validated liquid chroma-
tography (normal phase) followed by tandem mass spectrometry (LC/MS/MS)
methods at Covance Bioanalytical Services, LLC (Indianapolis, IN). Analytes
and their internal standards (amlodipine-d4 maleic acid, atorvastatin-d5 sodium
salt, ortho-hydroxy atorvastatin-phenyl-d5, para-hydroxy atorvastatin-phenyl-d5,
and d11-telaprevir) were extracted from human plasma by liquid-liquid extrac-
tion. After evaporation under nitrogen, the residue of all analytes was reconsti-
tuted and analyzed using LC/MS/MS with selected ion monitoring in the posi-
tive-ion mode. Calibration curves were generated using weighted (1/x2) linear
least-square (LS) regression. The standard curve range was 0.0500 to 25.0 ng/ml
for amlodipine (lower limit of quantitation [LLOQ], 0.0500 ng/ml), 0.250 to 100
ng/ml for atorvastatin (LLOQ, 0.250 ng/ml), 0.250 to 100 ng/ml for para-hydroxy
atorvastatin (LLOQ, 0.250 ng/ml), 0.250 to 100 ng/ml for ortho-hydroxy atorv-
astatin (LLOQ, 0.250 ng/ml), and 2.00 to 1,000 ng/ml for telaprevir (LLOQ, 2.00
ng/ml).

The calibration curves and quality control data all met the prespecified accep-
tance criteria for each batch of samples assayed.

Pharmacokinetic analyses. Pharmacokinetic analyses were carried out using
WinNonlin, version 5.0.1 (Pharsight Corporation, Mountain View, CA). Stan-
dard noncompartmental analyses for computation of the area under the concen-
tration-time curve (AUC) were conducted. The maximum observed drug con-
centration in serum (Cmax) and the time required to achieve the Cmax (tmax) were
determined directly from the data obtained. The AUC was computed using the
linear trapezoidal rule between increasing concentrations and the log trapezoidal
rule between decreasing concentrations. The AUC extrapolated to infinity
(AUC0-�) was computed as the cumulative AUC to the time (tlast) of the last
quantifiable concentration (Clast), i.e., AUClast, plus the extrapolated AUC from
tlast to infinity. AUCtlast-� was estimated by dividing the Clast by the terminal
elimination rate constant (�z). The terminal half-life (t1/2) was calculated as
ln(2)/�z, and oral clearance (CL/F, where F is oral bioavailability) was calculated
by dividing the dose by the AUC0-�.

For all pharmacokinetic measurements and parameters, appropriate descrip-
tive statistics were calculated, which included the arithmetic mean, the arithmetic
standard deviation (SD), and the number of volunteers.

The drug-drug interaction was assessed by the linear mixed-effects model-
ing method using WinNonlin. The pharmacokinetic parameters (Cmax,
AUClast, and AUC0-�) of amlodipine and atorvastatin following a single dose
of amlodipine-atorvastatin coadministered with telaprevir were compared to
those measured following a single dose of amlodipine-atorvastatin alone. In
the analysis, treatment effect (with or without telaprevir) was considered a
fixed effect and subject was a random effect. Geometric LS means for each
treatment and 90% confidence interval (CIs) for the geometric LS mean ratio

(GLSMR) were reported. The absence of an interaction was to be concluded
if the 90% CIs for the GLSMR fell within a range of 0.80 to 1.25 for each
pharmacokinetic parameter (2).

Safety assessments. Adverse events and concomitant medications were mon-
itored throughout the study. Vital signs were assessed predose and at 4, 8, 10, and
24 h postdose; 12-lead electrocardiograms (ECGs) were assessed predose and at
8, 10, and 24 h postdose for amlodipine-atorvastatin when administered alone
and when administered in combination with telaprevir. Clinical chemistry and
hematology were assessed predose and on days 10, 15, and 20. Urinalysis was
performed predose. All safety assessments were repeated at the safety follow-up
visit conducted approximately 6 days following the last dose of the study medi-
cations.

RESULTS

Demographics and disposition. Seventy-six percent of our
healthy volunteers were Caucasian (n � 16), 19% were
black or African American (n � 4), and 5% were Native
American or Native Alaskan (n � 1), with a median age of
34 years (range, 21 to 53 years) and a median body mass
index of 26.6 (range, 20.7 to 30.1). Twenty-one healthy vol-
unteers were enrolled, and plasma samples from at least 19
volunteers were available following all dosing occasions and
analyzed for amlodipine, atorvastatin, ortho-hydroxy atorv-
astatin, para-hydroxy atorvastatin, and telaprevir. Day 17
plasma samples from 2 volunteers were not available be-
cause they discontinued the study after providing blood
samples for day 1 amlodipine-atorvastatin PK.

Effect of telaprevir on the PK of amlodipine. The mean
plasma amlodipine concentration-time profile is shown in Fig.
1, and the pharmacokinetic parameter estimates from the non-
compartmental analysis of amlodipine concentration data are
shown in Table 1. Based on the ratio of the LS means, the
mean Cmax and AUC0-� of amlodipine were increased 1.27-
fold and 2.79-fold, respectively, by the coadministration of
telaprevir (Table 1). The mean t1/2 of amlodipine increased
from 41.3 h to 95.1 h, and the mean apparent clearance (CL/F)
decreased from 38.0 liters/h to 12.3 liters/h.

Effect of telaprevir on the PK of atorvastatin and metabo-
lites. The mean plasma atorvastatin concentration-time profile
obtained is shown in Fig. 2, and the pharmacokinetic param-
eter estimates from the noncompartmental analysis of atorv-

FIG. 1. Mean plasma concentration-time profile of amlodipine fol-
lowing oral administration with and without telaprevir. Error bars
represent the standard error of the mean.

4570 LEE ET AL. ANTIMICROB. AGENTS CHEMOTHER.



astatin concentration data are shown in Table 1. Based on the
ratio of the LS means, the mean Cmax and the AUC0-� were
markedly increased 10.6-fold and 7.88-fold, respectively, by the
coadministration of telaprevir (Table 1). The mean apparent
clearance (CL/F) decreased from 685 liters/h to 83.8 liters/h.
The mean (SD) t1/2 decreased from 9.44 (2.64) h to 6.75 (1.55) h
with telaprevir coadministration; the difference in t1/2 was not
statistically significant.

The mean plasma concentration-time profiles of ortho-hy-
droxy atorvastatin following amlodipine-atorvastatin adminis-
tration on day 1 and day 17 are shown in Fig. 3. Because a
substantial number of sample concentrations for the 240-h
sampling interval were close to the LLOQ (both day 1 and day
17), the concentration-versus-time profile of ortho-hydroxy
atorvastatin is limited to 24 h postdose. As shown in Table 1,
the variability of Cmax and AUC0-� on day 17 is quite large.
The extrapolated component for AUC0-� was over 25% in four
volunteers on day 17; furthermore, the AUC calculation was
performed using imputed data by replacing the first value be-
low the quantitation limit (BQL) after Clast with half of the
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LLOQ. Thus, interpretation of these parameters should be
done with caution and further interpretation would not be
clinically meaningful with limited data. Thus, GLSMRs were
not calculated for this analyte.

Most of the concentrations of para-hydroxy atorvastatin
were below the LLOQ, especially on day 1. Only 2 volunteers
showed detectable concentrations of para-hydroxy atorvastatin
on day 1. The Cmax of para-hydroxy atorvastatin in these 2
volunteers increased with telaprevir coadministration from
0.30 and 0.54 (mean of 0.42) ng/ml (day 1) to 1.92 and 2.89
(mean of 2.40) ng/ml (day 17).

Steady-state PK of telaprevir after coadministration with
amlodipine and atorvastatin. Selected steady-state pharmaco-
kinetic parameters were calculated for telaprevir on day 17
after coadministration with a single dose of amlodipine-atorv-
astatin. The mean (SD) Cmax of telaprevir was 3,167 (778)
ng/ml, and the mean (SD) AUC0-last of telaprevir was 20,471
(5,317) h � ng/ml. These values are similar to those observed
historically (4).

Safety. There were no serious, life-threatening, or severe
adverse events. One volunteer left the study due to an adverse
event (herpes zoster) during the telaprevir-alone period. This
was considered possibly related to treatment, was mild in se-
verity, and resolved without intervention. With only one ex-
ception, all adverse events were considered to be of mild se-
verity. The exception was moderate diarrhea in one volunteer
during the telaprevir-amlodipine-atorvastatin combination pe-
riod.

Thirteen (62%) volunteers reported an adverse event, and
10 (48%) volunteers reported an adverse event that was
considered drug related by the investigator. The most fre-
quent adverse events that were considered to be related to
the treatment occurred in the nervous system or the gastro-
intestinal system. The most frequent adverse events (con-
sidered either related or unrelated to a study drug by the
investigator) included headache (occurred in 5 volunteers
[24%] during the amlodipine-atorvastatin-alone period, in 2
volunteers [10%] during the telaprevir-alone period, and in
1 volunteer [5%] during the telaprevir-amlodipine-atorvas-
tatin combination period); dizziness (occurred in 2 volun-
teers [10%] during the telaprevir-alone period, and in 3
volunteers [15%] during the telaprevir-amlodipine-atorvas-
tatin combination period); diarrhea (occurred in 1 volunteer
[5%] during each of the 3 periods); nausea (occurred in 1
volunteer [5%] during the telaprevir-alone period and in 2
volunteers [11%] during the telaprevir-amlodipine-atorvas-
tatin combination period). Rash has been previously re-
ported with telaprevir administration (3). A mild papular
rash was reported in a single volunteer (4.8%) on day 24
during the period of coadministration of amlodipine-atorv-
astatin and telaprevir; the rash resolved without treatment
or a change in study drug dosing.

There were no clinically significant changes from the base-
line in clinical laboratory values, vital signs, ECG parameters,
or physical examination. A creatine kinase level elevation can
be associated with increased statin levels (1). However, there
were no clinically significant changes in creatine kinase re-
ported as adverse events in any volunteers.

DISCUSSION

Potential drug-drug interactions of telaprevir with amlodip-
ine and atorvastatin were investigated in healthy volunteers by
comparing the PK of these drugs with and without the coad-
ministration of telaprevir. A formulation containing a combi-
nation of amlodipine and atorvastatin (Caduet) was used in
this study for dosing convenience. No significant interaction
between amlodipine and atorvastatin was expected.

A clinical drug-drug interaction study of telaprevir and
midazolam showed that telaprevir increased the AUC of oral
midazolam almost 9-fold (4), indicating that telaprevir is a
potent inhibitor of CYP3A4. Amlodipine is a dihydropyridine
calcium antagonist drug and has been reported as a substrate
and mild inhibitor of CYP3A from both in vitro liver micro-
somal incubation and clinical studies (9, 13). Atorvastatin, one
of the most commonly prescribed HMG-CoA reductase inhib-
itors, is also a substrate of CYP3A (6). Adverse events such as
rhabdomyolysis and myopathy have been reported with statins,
and most of the statin drug interactions are attributed to me-
tabolism catalyzed by cytochrome P450 (22). Thus, clinically
significant changes in the PK of amlodipine and atorvastatin,
administered as Caduet, were anticipated with the coadminis-
tration of telaprevir.

Results from the present study indicate that telaprevir sig-
nificantly inhibited the metabolism of both amlodipine and
atorvastatin. The bioavailability of amlodipine has been re-
ported to be �60% (14). It is extensively metabolized by the
liver and is very slowly cleared from the body (elimination t1/2,
�45 h). Its volume of distribution is known to be large (�21
liters/kg), with a high level of binding to the plasma albumin
(�98%) (15). When amlodipine was coadministered with tel-
aprevir, its AUC0-� increased 2.79-fold and its Cmax increased
1.27-fold. The mean (SD) t1/2 increased from 41.3 (8.2) h to
95.1 (23.6) h, and the mean (SD) apparent clearance (CL/F)
decreased from 38.0 (11.8) liters/h to 12.3 (2.97) liters/h. The
increased t1/2 associated with the clearance decrease signifies
the inhibitory effect of telaprevir on the metabolism of amlo-
dipine. An effect of a similar magnitude on amlodipine has
been observed in other studies with antiviral agents that are
CYP3A inhibitors. For example, combined dosing of indinavir
and ritonavir increased the median amlodipine AUC0-24 by
90% (n � 18) (5).

The effect of telaprevir on atorvastatin disposition was more
pronounced. Atorvastatin is given in the acid form, and its
Cmax is achieved quickly (�1 to 2 h postdose) (10). Atorvas-
tatin acid undergoes extensive first-pass metabolism in the gut
and the liver, and therefore its oral bioavailability is only
�14%. Its volume of distribution has been reported to be
�380 liters, with a high degree of plasma protein binding,
mainly to albumin (98%) (22).

Upon the coadministration of telaprevir with a single dose of
amlodipine-atorvastatin, the atorvastatin AUC0-� increased
7.88-fold and the atorvastatin Cmax increased 10.6-fold. These
results suggest that the primary effect of telaprevir on atorv-
astatin is to increase its bioavailability (F) by decreasing its
first-pass metabolism by CYP3A and/or increasing its net ab-
sorption by inhibiting P-glycoprotein-mediated efflux back to
the gut. The effect of telaprevir on the hepatic metabolism of
atorvastatin does not appear to be significant in its overall
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disposition. An effect of a similar magnitude on atorvastatin
has been observed in studies using some other CYP3A inhib-
itors. For example, the AUC and Cmax of atorvastatin were
increased about 9-fold when it was coadministered with
tipranavir-ritonavir at steady state (16).

With coadministration of telaprevir, the mean (SD) appar-
ent clearance decreased from 685 (272) liters/h to 83.8 (32.7)
liters/h and the apparent volume of distribution decreased
from 8,984 (3,431) liters to 838 (405) liters. The mean (SD)
terminal t1/2 decreased from 9.44 (2.64) h to 6.75 (1.55) h with
the coadministration of telaprevir, although this difference was
not statistically significant. Inhibition of atorvastatin metabo-
lism would be expected to increase the atorvastatin t1/2. This
unexpected result may be caused by the inhibition of trans-
porters involved in the hepatic uptake of atorvastatin, such as
organic anion-transporting polypeptide 1B1 (OATP1B1),
which could reduce the volume of distribution of atorvastatin
to an extent similar to or greater than the observed decrease in
systemic clearance. Such a mechanism has been hypothesized
for the effect of cyclosporine (an inhibitor of OATP1B1) on
rosuvastatin, a statin which is also a substrate of OATP1B1 and
whose t1/2 was decreased by half upon the coadministration of
cyclosporine (19). Other statins that are substrates of
OATP1B1, such as cerivastatin, fluvastatin, and atorvastatin,
showed unaltered t1/2s, while severalfold AUC and Cmax in-
creases resulted when the drugs were coadministered with cy-
closporine (18). However, at this time, the effect of telaprevir
on OATP1B1 is unknown.

The mean AUC0-� for ortho-hydroxy atorvastatin decreased
by approximately 70% after telaprevir coadministration; how-
ever, most concentrations of para-hydroxy atorvastatin were
below the LLOQ, making noncompartmental analysis for this
metabolite not feasible. In the 2 volunteers in whom para-
hydroxy atorvastatin was measurable before (day 1) and after
(day 17) the coadministration of telaprevir, the concentrations
of this metabolite increased about 6-fold. On day 17, but not
day 1, several other volunteers had measurable concentrations
of para-hydroxy atorvastatin. While these results were not an-
ticipated, it has been reported that para-hydroxy atorvastatin,
but not ortho-hydroxy atorvastatin, is also formed by CYP2C8
in addition to CYP3A (7). Therefore, in the presence of
greater systemic exposure of atorvastatin during the coadmin-
istration of telaprevir, it is plausible that more para-hydroxy
atorvastatin is formed via CYP2C8 and its concentration in
plasma is increased.

The PK of telaprevir were evaluated after coadministration
at steady state with a single dose of amlodipine-atorvastatin.
The Cmax and AUClast were similar to the steady-state esti-
mates obtained in other studies (21). This suggests that ade-
quate telaprevir exposure was achieved in this study and a
clinically significant effect of amlodipine or atorvastatin on
telaprevir is unlikely.

The coadministration of multiple doses of telaprevir with
one dose of amlodipine and atorvastatin administered in 2
periods was well tolerated. There were no serious, life-threat-
ening, or severe adverse events, no volunteers discontinued
due to an adverse event, and most of the adverse events re-
ported were mild. The frequently reported adverse events in-
cluded, headache, dizziness, diarrhea, and nausea, all of which
have been reported in other clinical trials after the adminis-

tration of telaprevir alone (8, 17, 23). The low frequency and/or
lack of adverse events commonly associated with amlodipine
and atorvastatin may be attributed to the single-dose regimen
of these drugs used in this study.

In summary, the results of this study suggest that telaprevir
significantly increased exposure to amlodipine and atorvastatin
(Cmax and AUC0-�). Atorvastatin coadministration with tel-
aprevir is contraindicated. When amlodipine is coadministered
with telaprevir, caution should be used and an amlodipine dose
reduction should be considered. Clinical monitoring is recom-
mended. Please check the INCIVEK package insert for full
information and/or updates (3).
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