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Aims

 

To evaluate the effects of gender, age, diabetes mellitus, renal and hepatic impairment
on tadalafil pharmacokinetics and tolerability.

 

Methods

 

Six single-dose (5, 10 or 20 mg orally) clinical pharmacology studies were conducted
in the UK, Belgium, Poland and Germany in healthy male and female subjects, elderly
subjects and subjects with diabetes mellitus, renal impairment, end-stage renal failure
(ESRF) or hepatic impairment. The gender study also incorporated administration of
10 mg tadalafil daily for 10 days.

 

Results

 

Systemic exposure in the elderly was 25% greater than in young subjects (mean AUC
ratio 1.25; 90% confidence interval 0.972, 1.61). The AUC was 19% lower in subjects
with diabetes mellitus than in healthy age/gender-matched controls. Pharmacokinetics
in female subjects were essentially similar to those in males. Exposure in subjects
with mild or moderate renal insufficiency was approximately twice that in healthy
subjects. The mean AUC for the major metabolite (total methylcatechol glucuronide)
in the presence of ESRF was three times the mean for healthy subjects. Haemodialysis
contributed negligibly to elimination of tadalafil or the metabolite. Hepatic impairment
had negligible effects on exposure. The most common adverse events in these six
studies were headache, back pain and myalgia. A 10-mg dose was not well tolerated
by subjects with moderate renal dysfunction in this study.

 

Conclusions

 

No clinically significant effect of gender, age, diabetes mellitus or hepatic impairment
on tadalafil pharmacokinetics was observed. Renal insufficiency resulted in increased
systemic exposure. Tadalafil was not associated with any serious clinically significant
adverse events or study discontinuations due to adverse events.

 

Introduction

 

Tadalafil (Cialis

 

®

 

; Lilly ICOS LLC, Indianapolis, IN,
and Bothell, WA, USA) is a selective inhibitor of phos-
phodiesterase 5 (PDE5) with demonstrated efficacy and
safety as an oral therapy for erectile dysfunction (ED)
[1–6]. The recommended dose in most patients is 10 mg,

taken with or without food prior to anticipated sexual
activity, with adjustment to 5 or 20 mg based on indi-
vidual efficacy and tolerability [7, 8]. The maximum
recommended dosing frequency is once daily. Following
single-dose oral administration to healthy subjects, tad-
alafil is rapidly absorbed, with a median time (

 

t

 

max

 

) to
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maximum plasma concentration (

 

C

 

max

 

) of 2 h. Absorp-
tion is not affected by food [7–9]. Approximately 94%
of tadalafil in plasma is bound to albumin or 

 

α

 

1

 

-acid
glycoprotein. Absolute bioavailability relative to intra-
venous administration has not been determined. Linear
pharmacokinetic behaviour across dose level and time
has been demonstrated, with reference mean parameter
values (for a 10-mg dose) from an integrated statistical
analysis of: 

 

C

 

max

 

 

 

=

 

 189 

 

µ

 

g l

 

−

 

1

 

; oral clearance (CL/F)

 

=

 

 2.48 l h

 

−

 

1

 

; and apparent distribution volume (

 

V

 

z

 

/F)

 

=

 

 62.6 l [9]. The mean half-life (

 

t

 

1/2

 

) of 17.5 h following
a single dose and a duration of efficacy of up to 36 h
have been demonstrated [10].

Tadalafil clearance is predominantly via hepatic
metabolism by CYP3A to a catechol which is exten-
sively conjugated to form the major circulating metab-
olite, a methylcatechol glucuronide, with a minor
amount of the unconjugated metabolite also detected in
plasma [11, 12]. Approximately 36% of an oral radiola-
belled dose is excreted in urine, nearly entirely as
metabolites [7, 8, 12]. Based on low affinity for PDE5

 

in vitro

 

, the metabolites are expected to have no clinical
effect at plasma concentrations typically observed at
therapeutic doses [13].

Clinical pharmacology studies on tadalafil have been
conducted in several special populations, as well as in
healthy, young or middle-aged male subjects [9]. ED is
associated with advancing age and age-related chronic
diseases [14, 15]. Largely as a result of population age-
ing, the number of men with ED around the world is
projected to increase from 152 million in 1995 to 322

million by 2025 [16]. Approximately 19 million Amer-
ican adults have chronic kidney disease and 80 000 indi-
viduals receive a diagnosis of chronic kidney failure each
year [17, 18]. The number of individuals with diabetes
mellitus across the world is projected to rise from about
171 million in 2000 to 366 million in 2030 [19]. Given
the prevalence of these conditions, it was important to
understand tadalafil disposition and tolerability in these
special populations. In addition, tadalafil is being inves-
tigated for conditions affecting both males and females,
including pulmonary arterial hypertension and systemic
hypertension; therefore, it was important to evaluate
pharmacokinetics and tolerability in both genders. Some
of the findings reported here have been presented in
abstract form or appear in a review on tadalafil [20, 21].

 

Methods

 

Subjects

 

Subject demographics are summarized in Table 1. Stud-
ies were conducted, and subject written informed con-
sent was obtained prior to screening, in conformity with
the ethical principles of the Declaration of Helsinki
(Somerset West, 1996) and applicable European laws.
Ethics committees of all participating institutions ap-
proved the final protocol.

 

Study designs

 

Six single-dose (5, 10 or 20 mg) clinical pharmacology
studies were conducted in the UK, Belgium, Poland and
Germany in the following groups: healthy males and
females (Lilly ICOS study identifier H6D-EW-LVAD),

 

Table 1

 

Demographics by study

 

Effect of
gender
(UK)

Effect of age
(Germany)

Effect of
diabetes
mellitus
(Belgium)

Effect of 
renal
impairment
(Poland)

Effect of
hepatic
impairment
(Germany)

Effect of renal
dialysis (Poland
and UK)

 

Number of subjects 24 24 24 28 33 16
(12 young, (12 healthy) (12 healthy) (8 healthy)
12 elderly)

Males/females 12/12 24/0 18/6 25/3 21/12 13/3
Mean age (years) 

 

± 

 

SD Males: Young: 36.3 

 

± 

 

7.8 42.1 

 

± 

 

10.4 47.7 

 

± 

 

9.6 43.3 

 

± 

 

10.3 48.1 

 

± 

 

13.2
(range) 38 

 

± 

 

6.8 (19–45) (27–59) (30–65) (25–63) (28–74)
Females: Elderly: 70.7 

 

± 

 

3.9
45 

 

± 

 

10.8 (65–78)
Tadalafil dose 10 mg 10 mg 10 mg 5 and 10 mg 10 mg 5, 10 and 20 mg

 

SD, Standard deviation.
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elderly (H6D-EW-LVBW), subjects with diabetes mel-
litus (H6D-EW-LVAS), subjects with renal impairment
(H6D-EW-LVAJ), subjects with end-stage renal failure
(ESRF; H6D-EW-LVDT) and subjects with hepatic
impairment (H6D-EW-LVAK). The gender comparison
also entailed once-daily, 10-mg dosing for 10 days.

Within 3 weeks before the study, all subjects under-
went screening procedures, including a 12-lead
electrocardiogram (ECG); laboratory tests; physical
examination including vital signs; and a urine drug
screen and alcohol breath or blood test. Subjects were
admitted to the research clinic 1 day before receiving
tadalafil. Xanthine-containing drinks were restricted and
alcohol and grapefruit juice (a CYP3A inhibitor) were
not permitted within 24–48 h of dosing. Each subject
received a single oral dose as 5-, 10- or 20-mg tablets
(final clinical formulation), routinely taken with approx-
imately 200 ml water. Each film-coated tablet contained
these inactive ingredients: croscarmellose sodium,
hydroxypropyl cellulose, hypromellose, iron oxide, lac-
tose monohydrate, magnesium stearate, microcrystal-
line cellulose, sodium lauryl sulphate, talc, titanium
dioxide and triacetin. A prototype 10-mg tablet used
solely for the gender-effect study (early clinical devel-
opment) was bioequivalent to the final clinical tablet
with respect to extent of absorption, although its lower
(21%) 

 

C

 

max

 

 indicated slower absorption.
Pharmacokinetic assessments via venous blood col-

lections (

 

∼

 

 5 ml) were made at prespecified times and
subjects were discharged between 24 and 48 h later.
Subjects returned as ‘outpatients’ up to 13 days later for
safety assessments and additional pharmacokinetic sam-
pling. During the intervening days, alcohol intake and
smoking were restricted.

 

Effect of gender

 

A total of 12 males and 12 females, aged 29–64 years
and healthy according to medical history and physical
examination, were enrolled. Women of childbearing
potential were excluded, as were subjects with a history
or presence of significant cardiovascular, respiratory,
hepatic, renal, gastrointestinal or neurological disorders
capable of altering the absorption, metabolism or elim-
ination of drugs, or constituting a risk factor when taking
tadalafil. Also excluded were subjects with a body mass
index of 

 

≤

 

18 or 

 

≥

 

30 kg m

 

−

 

2

 

; a history of diabetes mellitus
with fasting blood glucose 

 

>

 

10 mmol l

 

−

 

1

 

 (182 mg dl

 

−

 

1

 

);
a history of glaucoma or cataracts; active haematological
disease; use of hormone replacement therapy by women;
6-month history of excessive methylxanthine use, smok-
ing of 

 

>

 

10 cigarettes daily or regular weekly alcohol
intake of 

 

>

 

28 units in men or 21 units in women

(1 unit 

 

=

 

 8 g ethanol); and/or positive HIV, hepatitis B
or hepatitis C test results. Intended use of prescription
medication within 14 days and over-the-counter medi-
cation use within 7 days prior to dosing were also
excluded. In the single-dose period, blood samples were
collected predose and from 0.25 to 144 h postdose for
determination of plasma tadalafil concentrations. Fol-
lowing a 7-day wash-out period, each subject received
10 mg  tadalafil  once  daily  for  10  consecutive  days.
Serial  blood  samples  were  collected  predose  and  for
24 h following the first and fifth doses, as well as for
168 h after the tenth dose for analysis of tadalafil.

 

Effect of age

 

A total of 12 healthy subjects (aged 18–45 years inclu-
sive) and 12 elderly subjects (aged 65–80 years inclu-
sive) were selected and matched according to body
weight, height and smoking habit (Table 1). Exclusion
criteria were essentially as noted above, with the added
exclusion of a history of ED within 6 months of study
initiation. Subjects received a single 10-mg dose and
remained in the hospital until approximately 36 h post-
dose. Serial blood samples were collected predose and
from 0.25 to 144 h postdose for the tadalafil assay.

 

Effect of diabetes mellitus

 

A total of 12 healthy male or female subjects and 12
subjects with Type 1 or Type 2 diabetes mellitus, a
haemoglobin Alc level 

 

≤

 

13.0% at screening and who
were currently receiving insulin therapy were enrolled.
Exclusion criteria included uncontrolled diabetes melli-
tus, defined as two or more episodes of ketoacidosis
within 1 year prior to day 1 of the study; one episode of
ketoacidosis within 3 months; and/or three or more epi-
sodes of hypoglycaemia requiring assistance as defined
by the Diabetes Control and Complications Trial within
3 months [22]. Concomitant medications other than
insulin injections were kept to a minimum. After an
American Diabetes Association recommended breakfast
[50 g bread, jam for diabetics, 60 g cheese, orange juice
(75 kcal) and noncaffeinated coffee], subjects received
a single 10-mg tadalafil tablet and remained in the hos-
pital until 24 h postdose. Serial blood samples were
collected predose and from 0.5 to 144 h postdose.

 

Effect of renal impairment

 

Creatinine clearance (CL

 

cr

 

) was estimated by the Cock-
roft–Gault formula [23]. Male or female subjects with
stable renal impairment that was mild (CL

 

cr

 

 

 

=

 

 51–
80 ml min

 

−

 

1

 

) or moderate (CL

 

cr

 

 

 

=

 

 31–50 ml min

 

−

 

1

 

) for

 

≥

 

3 months prior to the start of the study were enrolled.
Exclusion criteria included: renal transplantation; con-
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comitant use of thyroid hormones and/or iodide (except
for the prevention of euthyroid goitre); antacids; cime-
tidine, proton pump inhibitors or nitrates; use of phos-
phate binders, cholestyramine, colestipol or ranitidine,
or nizatidine within 10 h prior to dosing and within 6 h
after dosing; or use of medications known to interfere
with hepatic metabolism or alter major organs or sys-
tems, within 30 days prior to admission on day 

 

−

 

1.
A total of 16 subjects with renal impairment and 12

healthy subjects were recruited for this study. Following
a review of tolerability data at the 10-mg dose level, it
was decided not to administer tadalafil to subjects with
severe renal impairment and to investigate tadalafil
5 mg.  Six  subjects  with  moderate  renal  impairment,
five with mild impairment and eight healthy subjects
received tadalafil 10 mg. Six subjects with moderate
renal impairment and three with mild impairment, as
well as four healthy subjects, received tadalafil 5 mg.
Four subjects with moderate impairment received both
10 and 5 mg tadalafil. Screening was performed in the
14-day period prior to study admission to determine
serum creatinine concentrations.

Study participants were admitted to the research unit
on day 

 

−

 

1 and fasted (including no water) from 22.00 h
the preceding evening until 4 h postdose. Subjects
received a single dose of tadalafil 5 or 10 mg on day 1.
Participants were discharged approximately 48 h post-
dose and returned on days 4–8 for pharmacokinetic
blood sampling and vital sign assessments. A poststudy
assessment was conducted on day 8. Serial blood sam-
ples for determination of tadalafil and of total metabolite
(total methylcatechol in hydrolysed plasma; predomi-
nantly the methylcatechol glucuronide) were collected
predose and up to 168 h postdose.

 

Effect of ESRF

 

Male or female subjects with ESRF and receiving three
haemodialysis sessions per week were eligible. Exclu-
sion criteria were as noted above for healthy subjects.
Six subjects were to be recruited for each tadalafil dose
group (5, 10 and 20 mg). Initially, six subjects received
tadalafil 5 mg. Plasma tadalafil and total metabolite
concentration–time profiles, safety and tolerability were
reviewed before proceeding to the 10-mg dose with the
same study schedule. The same process was followed
before proceeding to the 20-mg dose.

Screening was performed approximately 1 month
before study onset and subjects underwent a final eval-
uation for entry on day 1 (the day of dosing). Study
participants were required to fast for 2 h before dosing.
Each subject received a single 5-, 10- or 20-mg dose
approximately 24–30 h before their first haemodialysis

session in the study period. After dosing, subjects
returned to the study site in the morning, afternoon or
evening of days 2, 4 and 6 for haemodialysis and phar-
macokinetic sampling according to each subject’s nor-
mal routine. Subjects also attended the study site on
days 5 and 7 to provide pharmacokinetic samples. Blood
samples were collected from each subject for the anal-
ysis of plasma protein binding before dosing and at 4 h
postdose on day 1. A poststudy assessment was con-
ducted on approximately day 13, when laboratory sam-
ples were taken before haemodialysis (if applicable).
For subjects who participated in two dosing groups, a
wash-out period of 

 

≥

 

13 days was considered appropri-
ate for eliminating any residual plasma tadalafil or
metabolite from the previous dosing occasion. Subjects
could participate in no more than two dosing groups.
Pharmacokinetics were evaluated relative to pooled data
from the healthy subjects (10-mg dose) in the renal
impairment study (Table 2) and four healthy subjects in
that study at the 5-mg dose level, as well as 16 healthy
subjects who received single 5-, 10- and 20-mg tadalafil
doses in a crossover dose-proportionality study [9].

 

Effect of hepatic impairment

 

Male or female subjects were eligible provided that they
had stable liver cirrhosis (alcoholic, posthepatitis, bil-
iary cirrhosis and cryptogenic). Exclusion criteria
included evidence of severe hepatorenal syndrome as
demonstrated by CL

 

cr

 

 

 

<

 

40 ml min

 

−

 

1

 

; presence of hepa-
tocellular carcinoma; concomitant use of any drugs
except those necessary for the treatment of liver disease
or related complications, especially antacids, cimetidine
and related compounds, proton pump inhibitors and
cyclosporin, or other immunosuppressants, except for
cortisone derivatives; and use of medications known to
interfere with hepatic metabolism or alter other major
organs or systems, within 30 days prior to admission.
Eight healthy subjects, eight subjects with very mild
hepatic impairment (fatty liver detected by sonography),
eight with mild impairment (Child-Pugh Class A; 5–6
points), eight with moderate impairment (Class B; 7–9
points) and one subject with severe impairment (Class
C; 10–15 points) were recruited for this study. Individ-
uals with a Child-Pugh score 

 

>

 

12 were excluded.
Subjects received tadalafil 10 mg in the morning of

day 1 following an overnight fast, were discharged
from the hospital approximately 48 h postdose and
returned on days 4–8 for pharmacokinetic sampling
and vital sign assessments. A poststudy assessment was
conducted before discharge on day 8 or upon a partici-
pant’s discontinuation from the study. Serial blood
samples were collected predose and from 0.25 to 168 h
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postdose for the tadalafil assay. The individual with
severe hepatic impairment participated while in the
hospital and remained hospitalized after completion of
the study.

 

Pharmacokinetic and statistical analyses

 

Noncompartmental parameters were calculated from
plasma tadalafil concentration–time data using Win-
Nonlin Professional (Pharsight Corp., Mountain View,
CA, USA). These included the area under the plasma
concentration–time curve from zero to infinite time
(AUC), maximum observed concentration (

 

C

 

max

 

), time
to 

 

C

 

max

 

 (

 

t

 

max

 

), terminal rate constant (

 

λ

 

z

 

), half-life (

 

t

 

1/2

 

),
oral clearance (CL/F) and apparent volume of distribu-
tion in the terminal elimination phase (

 

V

 

z

 

/F). For some
comparisons of interest, 

 

C

 

max

 

 and AUC values were nor-
malized to a 10-mg dose, e.g. a value for 5 mg was
doubled. Statistical analysis of AUC and 

 

C

 

max

 

 was per-
formed using an analysis of variance (

 

ANOVA

 

) model.
Estimates of the ratio of means for two subject groups
were made along with the corresponding 90% confi-
dence intervals (90% CI). Values of tmax were analysed
nonparametrically [24].

Bioanalytical methods
Tadalafil concentrations were measured using a vali-
dated high-performance liquid chromatography tandem
mass spectrometry (HPLC/MS/MS) assay with a lower
limit of quantification of 0.5 µg l−1 essentially as
described [25]. Intra-assay accuracy (% relative error)
and precision (% relative SD) were <12.88% and
<8.84%, respectively. Interassay accuracy and precision
were <6.68% and <7.09%, respectively. The major
metabolite, methylcatechol glucuronide, was quantified
as total methylcatechol in hydrolysed (β-glucuronidase)
plasma using a validated HPLC/MS/MS assay with a
lower limit of quantification of 1 µg l−1. Intra-assay
accuracy and precision were <18.64% and <3.51%,
respectively, and interassay accuracy and precision were
<16.23% and <3.19%, respectively.

Safety assessment
Routine safety data (adverse events, vital signs and clin-
ical laboratory tests) were monitored throughout the
studies. In addition, ECG data were collected for all
studies at visit 1 and at the end of study. Vital signs
(blood pressure, heart rate) and clinical laboratory tests
(serum chemistry, haematology) were measured at all
visits for all studies. An urinalysis was conducted at the
screening and final visits. Adverse events were coded
using the Medical Dictionary for Regulatory Affairs
(MedDRA).
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Results
A total of 149 subjects (36 female) were enrolled in the
six studies (Table 1). All subjects were White, except for
one Afro-Caribbean. In the diabetes mellitus study, the
mean haemoglobin Alc level at screening was 7.7%
(± 1.3%).

Effect of gender
Pharmacokinetics following a single 10-mg dose in
female subjects were essentially similar to results in
males (Table 2). Steady state was attained at least by day
5 of once-daily dosing (by inspection of daily trough
concentrations) and linear pharmacokinetic behaviour
was observed across dosing duration. Accumulation
(mean and 90% CI) from the first to tenth day of dosing
in female subjects was 1.94-fold (1.70, 2.18) and 1.65-
fold (1.48, 1.82) in males. The ratio (female/male) of
least-squares AUC means was 1.13 (0.89, 1.44) based
on  the  24-h  intervals  following  the  fifth  and  tenth
once-daily doses; i.e. exposure was approximately 13%
higher in female subjects. The corresponding ratio for
weight-normalized AUC means was 0.97 (0.74, 1.28).

The ratio of mean t1/2 values following the tenth dose
was 1.14 (0.91, 1.42). These results supported inclusion
of female subjects in subsequent clinical pharmacoki-
netic studies and were later corroborated by the inte-
grated statistical analysis of 13 clinical pharmacology
studies.

Effect of age
Only small effects of age on pharmacokinetics were
observed following administration of a 10-mg dose to
12 elderly and 12 younger male subjects (Table 2;
Figure 1). The ratio (elderly/young) of geometric mean
AUC values (90% CI) was 1.25 (0.97, 1.61). On aver-
age, t1/2 in the elderly was prolonged by approximately
5 h.

Effect of diabetes mellitus
A small effect of diabetes mellitus was detectable in
concentration–time profiles (Figure 1) and correspond-
ing noncompartmental parameters (Table 2). The AUC
ratio (diabetes/healthy) was 0.81 (0.63, 1.06) and the
range of individual AUC values was similar across

Figure 1 
Effects of age, diabetes mellitus and hepatic 

and renal impairment on arithmetic mean 

tadalafil concentration–time profiles. (Reprinted 

from Porst H. European Urology Supplement 

1:19–24, Copyright 2002 Elsevier Science B.V. 

with permission from the European Association 

of Urology.)
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cohorts (Figure 2). The mean t1/2 was approximately 3 h
shorter in the diabetic cohort; 144 h postdose, plasma
tadalafil concentrations were quantifiable in four of 12
subjects with diabetes compared with seven of 12
healthy individuals.

Effect of renal impairment
Initially, tadalafil 10 mg was administered to eight
healthy subjects (CLcr >80 ml min−1), five with mild
impairment and six subjects with moderate renal impair-
ment. A high incidence of back pain and myalgia was
observed in subjects with moderate impairment in this
early clinical pharmacology study. Subsequently, a 5-
mg dose was well tolerated following administration to
four healthy subjects, three subjects with mild and six
with moderate impairment. Pharmacokinetics for 5 mg
were approximately dose-proportional to results at the
10-mg dose level.

Renal impairment was associated with relatively high
exposure to tadalafil and its major glucuronide metabo-
lite (Figure 1). The mean tadalafil AUC in subjects with
mild and moderate renal impairment was approximately
twice the value for the healthy cohort and the mean Cmax

was 20% higher (Table 2). Contrasts across cohorts for
5-mg doses were consistent with those stated here for
10 mg and dose-normalized data (AUC values at 5 mg

multiplied by 2) from all healthy and impaired subjects
in the study are included in Figure 2. The effect on AUC
was greater than on Cmax, and t1/2 was substantially pro-
longed (26 or 22 vs. the 14-h control value). Only small
effects on distribution volume were observed. Protein
binding in individual plasma samples (3 h after dosing)
was essentially similar (94–97%) across cohorts and
dose levels.

Renal impairment had a greater effect on disposition
of the major metabolite than on parent drug and there
was a stronger nonlinear association between AUC and
CLcr, as expected for a renally eliminated glucuronide.
The mean AUC ratio (impaired/healthy) for exposure to
total methylcatechol glucuronide was 2.6 for mild and
3.6 for moderate impairment. Corresponding metabolite
Cmax ratios were 1.3 and 1.6. An increase in the geomet-
ric mean t1/2 from 20 to 44 to 55 h was observed with
increasing degree of renal impairment (control, mild,
moderate).

ESRF subjects on dialysis
This study was conducted much later than those above,
after extensive pharmacokinetic, tolerability and safety
information was available. A total of 16 subjects entered
the study, eight of whom entered on two occasions (dis-
tinct dose levels) for a total of 24 dosing occasions on
which a single 5-, 10- or 20-mg dose was administered.
A marked difference in the plasma concentration–time
profiles was observed between the Polish and UK
cohorts, with the latter showing markedly higher expo-
sures (Table 3). This difference, reflected by the mean
pharmacokinetic parameters, could not be explained by
differences in clinical chemistry, haematology or con-
comitant medication data. All doses were well tolerated
by these subjects.

An overall mean AUC value calculated across cohorts
and dose levels was 2.09 (90% CI 1.74, 2.56) times the
mean value for 28 healthy subjects (Figure 2; H2) in two
reference studies. The corresponding mean Cmax ratio
(ESRF/healthy) was 1.41 (1.23, 1.62). Geometric mean
t1/2 values were comparable to historical values in healthy
subjects. For the total metabolite, the overall mean AUC
ratio (ESRF/healthy) was 3.15 (2.25, 4.41). Haemodial-
ysis contributed negligibly to the elimination of either
tadalafil or the metabolite. The overall mean protein
binding in ESRF subjects was approximately 96% irre-
spective of dose and time relative to dialysis compared
with a reference value of 94% for healthy subjects.

Effect of hepatic impairment
Tadalafil 10 mg was administered to subjects with very
mild, mild or moderate hepatic impairment, as well as

Figure 2 
Tadalafil systemic exposures by subject group. Each box defines the 25th, 

50th (median) and 75th percentiles of individual AUC values normalized 

to a 10-mg dose. Box width is proportional to the square root of sample 

size. The ‘whiskers’ extend from each box to the farthest value within an 

interquartile range (box height); symbols (�) indicate extreme values. H1, 

H2 and H3 denote the healthy subject control values for the renal 

impairment, end-stage renal failure (ESRF) and hepatic impairment 

studies, respectively. The reference line denotes the historical mean AUC 

of 4033 µg h−1 ml−1
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to age-matched healthy subjects (Figure 1). There was
a trend towards lower, not higher, Cmax values and a
prolongation in t1/2 with increasing severity of impair-
ment. No consistent or statistically significant associa-
tion between CL/F or AUC and disease severity was
observed (Table 2). The mean Vz/F value increased sig-
nificantly with increasing severity of impairment. Phar-
macokinetic parameters for the single subject with
severe hepatic impairment fell in the range of individual
values in the other cohorts. The range of tadalafil AUC
values in the healthy cohort (Figure 2; H3) reflected
anomalously high between-subject variability (74%)
relative to other studies and to an historical reference
value (39%) based on exposures in 237 healthy subjects
(186 males) in 13 studies [9]. In that integrated statisti-
cal analysis, within-subject variability was 13%, indi-
cating consistent exposure in a given individual from
occasion to occasion.

Safety
Tadalafil was well tolerated, although the 10-mg dose
was judged as not well tolerated in subjects with mod-
erate renal impairment in this early clinical pharmacol-
ogy study. In spite of the increased incidence of back
pain/myalgia in the moderately impaired cohort, onset
and duration were similar to those in healthy subjects
that experienced back pain or myalgia. This finding in
moderate renal impairment was not replicated in sub-

jects with ESRF at doses up to 20 mg. Most drug-
related, treatment-emergent adverse events were mild or
moderate. There were no serious adverse events or dis-
continuations due to adverse events. The most com-
monly reported adverse events across all six studies
were headache, back pain and myalgia (Table 4). In the
multiple-dose pharmacokinetic evaluation involving
females and males, drug-related adverse events occur-
ring in ≥20% of subjects included headache in 15 sub-
jects (62.5%), back pain in nine (37.5%) and myalgia or
eye pain in five (20.8%) each.

There were no clinically significant laboratory abnor-
malities or changes in 12-lead ECGs. There were no
clinically significant trends in vital sign measurements
during the study, although, as expected, several patients
with renal impairment were taking antihypertensive
medication. Isolated increases and decreases in blood
pressure and heart rate were recorded for several sub-
jects. Blood pressure decreases were greater in those
individuals with high predose values and occurred more
often for standing compared with supine readings, but
were not considered to be clinically significant.

Discussion
Six clinical pharmacology studies were conducted to
evaluate the effects of gender, age, diabetes mellitus and
renal and hepatic impairment on the pharmacokinetics
and tolerability of tadalafil. The gender-effect study was

Table 3
Geometric mean (CV%) pharmacokinetic parameters for tadalafil and its major metabolite following administration of 5, 10 and 
20 mg to subjects with end-stage renal failure

Parameter
Tadalafil 5 mg
(Polish; N = 6)

Tadalafil 10 mg
(Polish cohort;
N = 6)

Tadalafil 10 mg
(UK cohort;
N = 6)

Tadalafil 20 mg
(UK; N = 6)

Tadalafil
AUC (µg h l−1) 1633 (63) 4023 (38) 13 749 (37) 18 090 (39)
Cmax (µg l−1) 78.6 (22) 186 (17)  394 (21)  621 (27)
tmax (h)* 3.00 (2.00–4.00) 4.00 (2.00–4.00)  2.04 (1.98–3.98)  2.04 (1.85–2.15)
t1/2 (h) 13.8 (51) 15.2 (42)  24.8 (38)  18.7 (35)
CL/F (l h−1) 3.06 (63) 2.49 (38)  0.73 (37)  1.11 (39)
Vz/F (l) 60.9 (18) 55.0 (20)  26.1 (23)  29.8 (17)
Total methylcatechol glucuronide
AUC (µg h l−1) 6051 (34) 16837 (18) –† –
AUC (0–last sample time) (µg h l−1) 5392 (39) 9983 (29) 15 981 (35) 32 229 (25)
Cmax (µg l−1) 64.2 (33) 109 (36)  158 (34)  300 (26)
tmax (h)* 55.3 (27.9–96.0) 52.4 (24.0–81.7)  77.5 (29.2–96.1)  74.1 (30.3–80.8)
t1/2 (h) 51.6 (52) 66.2 (41) – –

*Median (min–max). †Not calculated. CV%, Coefficient of variation.
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completed early in development and the finding of
essentially similar pharmacokinetics to those in males
supported inclusion of female subjects in some later
studies. An integrated statistical analysis of 13 clinical
pharmacology studies subsequently [9] indicated that
AUC was 14% higher in females even after normaliza-
tion for body mass index, suggesting that the small
gender effect is not necessarily due to body size. Age
>65 years and diabetes mellitus had no clinically signif-
icant effects on tadalafil pharmacokinetics; thus, dosage
adjustment for these factors in patients with ED is not
warranted on this basis alone and no adjustment is spec-
ified in product labelling [7, 8]. These findings are con-
sistent with population analyses in two efficacy trials
which indicated pharmacokinetics in patients with ED
and in healthy subjects were essentially similar. Age,
weight, diabetic status and renal status (creatinine clear-
ance) had no statistically significant effects on tadalafil
clearance or distribution volume [26]. Furthermore, no

effect of age was found in pharmacodynamic modelling
of ED outcome measures as a function of tadalafil dose
or systemic exposure [27]. Diabetic status was con-
founded with ED severity at baseline, possibly masking
an independent effect of this condition in that report.

Age generally affects hepatic blood flow to a greater
extent than intrinsic metabolic clearance mediated by
CYP3A [28–30]. For tadalafil, age was associated with
a negligible effect on Cmax and a slight decrease in CL/F
and prolongation of t1/2. By comparison, Cmax of the
PDE5 inhibitor sildenafil is 70% higher in the elderly,
CL/F is approximately one-half that in younger subjects
and t1/2 is prolonged (3.8 vs. 2.6 h) [31]. This pattern
suggests a diminution in both presystemic and systemic
clearance of sildenafil citrate with advancing age. Both
of these PDE5 inhibitors are cleared predominantly via
CYP3A4; however, systemic clearance (CL) of sildena-
fil citrate is at least 15-fold higher than CL of tadalafil
[9]. A greater effect of age on the higher clearance drug

Table 4
Drug-related treatment-emergent adverse events (Medical Dictionary for Regulatory Activities; MedDRA) reported on one or more 
occasions by two or more subjects (in any group) receiving tadalafil

Adverse event

Number of subjects
Gender effect study* Age effect study Diabetes effect study Renal Impairment study
Male
(N = 12)

Female
(N = 12)

Elderly
(N = 12)

Young
(N = 12)

Healthy
(N = 12)

Diabetes
(N = 12)

Healthy
(N = 12)

Impaired
(N = 20)

Headache 3 4 2 4 3 3 1 2
Back pain 6 5 3 4 1 6 0 3
Myalgia 5 3 4 3 1 1 2 4
Musculoskeletal pain 0 0 0 0 4 0 0 0
Asthenia 0 0 0 2 1 0 0 0
Somnolence 0 0 1 0 0 0 1 0
Pain in extremity 0 0 0 0 0 2 0 0

Adverse event

Number of subjects
Hepatic impairment study Renal dialysis study†

Healthy (N = 8)
Hepatically
impaired (N = 25)

Tadalafil
5 mg (N = 6)

Tadalafil
10 mg (N = 12)

Tadalafil
20 mg (N = 6)

Headache 4 4 2 2 0
Back pain 0 1 0 0 0
Myalgia 2 3 0 0 0
Musculoskeletal pain 0 0 0 0 0
Asthenia 0 0 0 0 0
Somnolence 0 0 0 3 0
Pain in extremity 0 0 0 0 0

*Single-dose pharmacokinetic data only. Multiple-dose pharmacokinetic data are discussed in text. †Data for treatment-
emergent adverse events.
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is consistent with a greater effect of age on hepatic blood
flow than on CYP3A metabolism.

Because tadalafil is cleared predominantly via
CYP3A4, it was important to evaluate the effect of
hepatic impairment in altering tadalafil pharmacokinet-
ics, especially given that metabolic clearance of some
drugs by CYP3A4 is reduced by 30–50% in impaired
subjects [32]. Mild or moderate hepatic impairment did
not decrease CL/F, as would be expected from a decre-
ment of tadalafil intrinsic clearance and/or an increment
in its bioavailability (F) as the predominant mechanism.
Indeed, maximal (Cmax) and average (AUC) plasma tad-
alafil concentrations were actually lower in the impaired
subjects compared with healthy volunteers. Population
analyses showed that serum albumin, alanine ami-
notransferase, aspartate aminotransferase and bilirubin
had no statistically significant effects on clearance in
patients with ED [26]. In one analysis, CL/F decreased
with increasing serum γ-glutamyl transaminase; how-
ever, this hepatic enzyme was not a significant covariate
in the other analysis, explained negligible patient-to-
patient variability in clearance, and was considered clin-
ically unimportant. Thus, there is no pharmacokinetic
basis to consider dose reduction. Product labelling states
that the tadalafil dose in mild and moderate hepatic
impairment should not exceed the 10-mg dose that was
studied [7, 8]. Because of recruitment difficulties limit-
ing data to one subject, no inference about severe
hepatic impairment can be supported.

The only consistent and statistically significant differ-
ence across groups was an increase in apparent distribu-
tion volume (Vz/F) with increasing severity of hepatic
impairment. An increase in Vz/F as the primary impact
would be expected to lower Cmax and prolong t1/2 values,
with negligible consistent effect on CL/F or AUC, as
was observed. A higher Vz/F might in theory [33] arise
from an increase in unbound fraction in plasma, due
perhaps to reduced albumin concentrations; however,
this mechanism does not account for the pharmacoki-
netic pattern observed (Table 2) for tadalafil. Tadalafil is
a low (restrictive) clearance drug; therefore, one would
expect CL/F to increase (and AUC to decrease) with
increasing unbound fraction in plasma (assuming no
compensatory decrease in intrinsic clearance). Inter-
estingly, the observed pattern (increased Vz/F, prolonged
t1/2 and presumably no change in CL/F) is consistent
with the theoretical expectations for an increase in
hepatic tissue binding as the predominant impact of
hepatic impairment [34].

Clearance of tadalafil is reduced by renal insuffi-
ciency, with a corresponding prolongation of t1/2 and
exposure approximately twice that in healthy subjects.

Interpretation of the pharmacokinetics was hampered by
inconsistencies in findings within and across studies.
For example, the mean AUC (2868 µg h l−1) for the
healthy subject (10-mg cohort) was anomalously low
relative to the reference mean (4033 µg h l−1) from the
integrated statistical analysis of 13 clinical pharmacol-
ogy studies [9]. The rank order of mean AUC values was
not consistent across degree of renal impairment, pre-
sumably due to high between-subject variability and
small sample size, nor across the Polish and UK cohorts
in the ESRF study. Regardless, the weight of evidence
clearly indicates that for a given dose, tadalafil concen-
trations will be relatively high in the presence of mod-
erate impairment, and especially in ESRF, thereby
providing a pharmacokinetic basis for dose adjustment
as specified in product labelling. In the European Union,
a 10-mg dose is recommended in the case of moderate
impairment and careful individual benefit/risk evalua-
tion in the case of severe impairment (creatinine clear-
ance <30 ml min−1). Labelling in the USA recommends
a starting dose of 5 mg (not exceeding 10 mg per 48 h)
and a dose not to exceed 5 mg in patients with severe
impairment on haemodialysis. No dose adjustment is
required in patients with mild renal impairment [7, 8].

It is not obvious why exposure to tadalafil, which has
negligible renal clearance, is increased by renal impair-
ment, especially given that changes in plasma protein
binding were ruled out. There is ample precedence for
renal impairment increasing F (decreased first-pass
metabolism) or decreasing systemic clearance (CL), and
thereby increasing Cmax, AUC and t1/2, of drugs (e.g.
reboxetine) extensively metabolized by various CYP
forms [35–37]. These effects are not presently under-
stood at a mechanistic level. The fact that AUC was
increased more than Cmax and t1/2 was prolonged strongly
suggests that the predominant impact of renal impair-
ment was on CL (diminished intrinsic clearance by
CYP3A4) rather than F. Renal impairment increased
exposure to the major metabolite, total methylcatechol
glucuronide,  and  prolonged  its  elimination  half-life
to  a greater extent than tadalafil itself, as expected for
a glucuronide conjugate cleared by the kidney. This
metabolite, like most ether (as opposed to acyl) glucu-
ronides, is presumed to be pharmacologically inactive
[38, 39].

Tadalafil 5–20 mg was well tolerated, with no seri-
ous adverse events or discontinuations due to adverse
events in these studies. Unlike the observations in sub-
jects with moderate renal impairment administered
10 mg tadalafil, single oral doses of tadalafil up to
20 mg were well tolerated by subjects with ESRF
undergoing haemodialysis. The high incidence of
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reports of back pain and myalgia by subjects with mod-
erate renal impairment may be attributable to the small
sample size and is consistent with incidences reported
in clinical pharmacology studies with healthy subjects.
The incidence of back pain and myalgia ranged from 0
to 100% of subjects across 43 single-dose studies (5-,
10- and 20-mg doses), with a mean incidence of
approximately 30% in placebo-controlled efficacy/
safety trials.

The most common adverse events were headache,
back pain and myalgia, which are among the most
common treatment-emergent adverse events observed
during multiple-dose, Phase 3 studies, dyspepsia and
nasopharyngitis being the others [4, 7, 8]. In integrated
analyses of Phase 3 studies, the most frequent treat-
ment-emergent adverse event was headache, occurring
in 15% of patients randomized to tadalafil 20 mg (taken
as needed prior to sexual intercourse), in 12% of
patients taking tadalafil 10 mg and in 5% of placebo
patients. Corresponding values for 20 mg, 10 mg and
placebo, respectively, were: dyspepsia (8%, 7% and
1%), back pain (5%, 6% and 2%), nasopharyngitis
(2%, 8% and 4%) and myalgia (3%, 5% and 1%) [4].
No association between the incidence of all treatment-
emergent adverse events related to back pain and myal-
gia (including back stiffness, buttock pain, coccydynia,
loin pain, sacral pain and pain not otherwise specified)
and mild/moderate renal impairment was found. The
multiple-dose (gender effect) study was conducted in a
small number of subjects and was not placebo con-
trolled. Frequencies of headache (62.5%) and back pain
(37.5%) in the multiple-dose assessment in the gender
study were much higher than has been observed in
other multiple-dose clinical pharmacology studies. For
example, in a study in which otherwise healthy men
with or without mild ED received tadalafil once daily
for 6 months, headache occurred in 17.5% of subjects
randomized to 10 mg (vs. 5% on placebo) and in 19.8%
of subjects randomized to 20 mg (vs. 3.8%). Back pain
occurred in 11.7% of subjects receiving 10 mg (vs.
4.0%) and in 10.8% of those receiving 20 mg (vs.
1.9%) [40].
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