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Aims To investigate the effects of age and renal and hepatic impairment on the
pharmacokinetics, tolerability and safety of sildenafil (single 50-mg oral dose) and its
major circulating N-desmethyl metabolite, UK-103,320.

Methods Three open-label, parallel-group studies were conducted. The first study
compared sildenafil pharmacokinetics, safety and toleration in 15 healthy young
male subjects (mean age 30 years; range 19—45 years) to 15 healthy elderly male
subjects (mean age 70 years; range 65—81 years). The second study included eight
male volunteers with normal renal function and 16 male volunteers with varying
degrees of renal impairment as assessed by measurement of creatinine clearance (CL,).
The third study included 12 male volunteers with normal hepatic function and
12 male volunteers with chronic stable hepatic cirrhosis (Child-Pugh A and B).
For all three studies, blood and urine samples were collected predose and at speci-
fied intervals up to 48 h postdose for assays of sildenafil and UK-103,320, and
measurements of protein binding.

Results Significant difterences in C,,, and AUC were observed between the
young and the elderly subjects for both the parent drug and the metabolite.
In the elderly, AUC values were approximately twice as high and C,,,, values 60-70%
higher than those for young men, while f;,, values were approximately 1 h longer
tor sildenafil and 2 h longer for UK-103,320. Due to a significantly smaller unbound
fraction of drug in the elderly, free drug concentrations were only approximately 40%
higher in the elderly group compared to the young group. In the renal impairment
study, significant correlations with CL,, were demonstrated for sildenafil oral clearance
(CL/F) and C,,,, and UK-103,320 C,,,. and AUC. Pairwise comparisons between
subjects with normal renal function and those with severe renal impairment
(CL <30 ml min~") supported these findings, showing significant increases in Cpp,x
and AUC for both the parent drug and the metabolite in the severely impaired
subjects. The hepatic impairment study demonstrated that the pharmacokinetics of
sildenafil were altered in subjects with chronic stable cirrhosis, as shown by a 46%
reduction in CL/F and a 47% increase in C,,,, compared with subjects with normal
hepatic function, suggesting a reduction in first-pass metabolism as well as systemic
clearance. The increase in systemic exposure for UK-103,320 was approximately
twice that seen for the parent drug. In all three studies, sildenafil was well tolerated,
most adverse events were mild and no subjects discontinued treatment.

Conclusions Sildenafil pharmacokinetics were affected by age and by renal and hepatic
impairment, suggesting that a lower starting dose of 25 mg should be considered for
patients with severely compromised renal or hepatic function.
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Introduction

Sildenafil citrate (Viagra®, Pfizer) is an orally active
inhibitor of cyclic guanosine monophosphate (cGMP)-
specific phosphodiesterase type 5 (PDE 5) [1-3], and
has been shown to be an effective treatment for male
erectile dysfunction [1, 4]. When administered orally to
healthy volunteers as single doses of 1.25-200 mg,
sildenafil is rapidly absorbed and metabolized, with a
maximum plasma concentration achieved within 1 h
and a terminal half-life of between 3 and 6 h [5, 6]. Its
absolute oral bioavailability is approximately 40% [5, 6].
Sildenafil is cleared almost exclusively by hepatic metab-
olism [7]. The primary metabolite of sildenafil is the
N-desmethyl metabolite, UK-103,320, which has a
similar PDE specificity profile, but is approximately half
as potent as the parent drug [5]. Its plasma concentrations
reach about 40—50% of those of the parent drug following
oral dosing [5, 6].

Early pharmacokinetic studies were conducted in
healthy young volunteers, in whom the drug was generally
well tolerated, with most adverse effects reported as mild,
ranging from headaches and flushing to transient visual
disturbances [1, 5, 6]. However, since erectile dysfunction
is common among older men, and is strongly associated
with other chronic disease states [8, 9], it is of particular
importance to investigate the effects of age and hepatic
and renal impairment on sildenafil pharmacokinetics,
and to further assess the safety and tolerability profile of
the drug in these populations. Since age, hepatic and
renal impairment may be associated with reductions in
drug clearance, dose adjustments may be necessary in
these patient populations.

Ageing is associated with reductions in hepatic and
renal function and alterations in plasma protein con-
centrations [10—12]. Reductions in hepatic blood flow
and a decline in the activity of hepatic microsomal
P450 enzymes may contribute to reduced clearance of
hepatically metabolized drugs in the elderly [10], while
the characteristic age-associated decline in renal function
may reduce the clearance of drugs that are metabolized/
excreted by the kidney [11].

centrations of albumin decrease (~0.5 g 17" per decade)

In addition, serum con-

and ol-acid glycoprotein concentrations may increase
slightly with age; however, age-related effects on protein
binding are generally not believed to be clinically
significant [10].

Although renal metabolism and excretion are not
believed to contribute substantially to sildenafil clear-
ance, secondary effects of renal impairment may affect
the clearance of sildenafil. These include alterations
in protein binding subsequent to renal albumin loss
or increased synthesis of inflammatory proteins such
as al-acid glycoprotein and inhibition of hepatic
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metabolizing enzymes by endogenous substances that
accumulate in the blood of patients with renal dysfunc-
tion [12]. For extensively bound drugs that are acidic,
an increase in the unbound fraction may be expected,
while for those that are basic in nature, a decrease in the
unbound fraction may be predicted. Since sildenafil is
highly protein bound (96%), but weakly basic (pK,=6.5)
[7], it is uncertain whether protein binding would be
substantially altered in patients with impaired renal
function. However, significant inhibition of hepatic
microsomal enzyme activity secondary to renal impair-
ment might be expected to produce elevated sildenafil
plasma concentrations as a result of the reduction in
sildenafil clearance.

Proposed mechanisms to explain the effect of chronic
liver disease on drug metabolism include a reduction
with a
hepatic blood flow, a global decline in hepatocyte
function, impaired uptake of drugs and a selective loss
of phase I metabolism (oxidation, reduction, hydrolysis
and demethylation) as a result of impaired diffusion of
oxygen [10]. Since the five principal pathways of
sildenafil metabolism require demethylation, oxidation
and hydroxylation [7], an effect of hepatic impairment

in liver size corresponding reduction in

on sildenafil clearance appears likely; however, evaluation
of sildenafil pharmacokinetics in patients with hepatic
impairment should provide specific information on the
magnitude of the effect and whether dose adjustments
are advisable.

We report findings from three open-label, parallel-
group single-dose trials that specifically investigated
the pharmacokinetics, safety and tolerability of sildenafil
50 mg in elderly men (> 65 years of age), those with renal
impairment (creatinine clearance [CL.] <80 ml min_l)
and those with hepatic dysfunction (chronic stable
cirrhosis of Child-Pugh classification A or B).

Methods
Subjects

Healthy men between the ages of 18 and 45 vyears
(young group) or > 65 years (elderly group) were eligible
for inclusion in the effect of age study, provided that
they were within 10% (young subjects) or 20% (elderly
subjects) of the ideal weight for age and height.
Men with normal renal function (CL., >80 ml min ')
and those with mild (CL,=50-80 ml min~ '),
moderate (CL,=30—49 ml min_1) or severe (CL.,
<30 ml min~") renal impairment were eligible for
inclusion in the second study. They were required to be
1870 years of age and to be within 30% of the ideal
weight for height and frame size. Subjects with renal
dysfunction due to insulin-dependent diabetes mellitus
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or nephrotic syndrome were excluded, and those with
severe renal dysfunction were not permitted to be on
dialysis. Recipients of renal transplants were also not
eligible for inclusion. Concurrent use of chronically
administered drugs was permitted during the trial for
subjects with renal dysfunction. For the hepatic impair-
ment study, men with normal hepatic function and those
with biopsy-proven chronic stable hepatic cirrhosis
(Child-Pugh classification A or B) were eligible for
inclusion. Candidates were excluded from this study if
they had undergone portacaval shunt surgery, if they had
signs of hepatic encephalopathy more than grade II portal
systemic encephalopathy (PSE) score, if they had coronary
artery disease or if they were currently taking neuroleptic
or antidepressant drugs.

Consensus

for all three studies

included evidence of any clinically significant disease or

exclusion factors

laboratory test abnormality, any evidence of drug or
alcohol dependence or cigarette smoking. Nonsteroidal
anti-inflammatory drugs and anticoagulant drugs were
not permitted in the 2 weeks prior to the study and
during it, and subjects taking antihypertensive vaso-
dilators (e.g. nifedipine and hydralazine) were excluded
from the studies. Other medications were permitted on a
case-by-case basis if taken at least 4 h after sildenafil
administration. Antacids were not permitted within 2 h
of sildenafil dosing. All three trials were reviewed and
approved by the local institutional review board or ethics
committee, and all subjects provided written informed
consent.

Study designs

Effect of age

In the 2 weeks prior to the study, all subjects underwent
a screening procedure that included a 12-lead electro-
cardiogram (ECG), a range of laboratory tests, urinalysis
and a urine drug screen. A negative alcohol breath test
was required at the time of admission. Each subject
received a single oral dose of sildenafil administered as
two 25-mg capsules in the morning following an over-
night fast. Subjects were not permitted to eat or drink
caffeinated beverages for 4 h following dosing, after
which a standard meal was served.

Effect of renal impairment

In the 3 weeks prior to the study, all subjects underwent
a screening process, including measurements of CL,
laboratory safety tests, physical examination, measure-
ments of blood pressure and pulse rate and 12-lead
ECG. Cafteine, methylxanthines, alcohol and unaccus-
tomed exercise were discouraged in the 2 days prior to

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 215-30S
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dosing. On the evening before dosing, subjects entered
the study centre and underwent a physical examination,
including a breath alcohol test, and urine samples were
collected for a drug screen and urinalysis. After an
overnight fast, sildenafil was administered as two 25-mg
capsules on the following morning. Standard meals
were provided after the blood samples were collected
at 4 and 10 h, and noncaffeinated drinks were freely
provided 4 h after dosing. Concomitant medications
were permitted only after the 4-h postdose sampling.

Effect of hepatic impairment

Standing and supine blood pressure and pulse rate,
laboratory safety tests, physical examination and 12-lead
ECG were performed in the 3 weeks prior to the study.
Cafteine, methylxanthines, alcohol and unaccustomed
exercise were discouraged in the 2 days prior to dosing.
Subjects entered the study centre on the evening before
dosing and underwent another physical examination.
Urine samples were collected for drug screening and
urinalysis. An evening meal was provided and sildenafil
(two 25-mg capsules) was administered the following
morning at least 2 h after a light breakfast. Noncafteinated
drinks were freely provided and concomitant medications
were permitted 4 h after dosing; antacids were permitted
2 h after dosing.

Pharmacokinetic assessments

In the effects of age study, 7 ml blood samples were
collected predose and at 0.25, 0.5, 1, 1.5, 2, 3, 4, 6, 8, 10,
12, 16, 20, 24, 32, 40 and 48 h postdose for assays of
sildenafil and UK-103,320. Blood samples sufficient to
provide at least 10 ml of plasma were also collected at
1 h postdose for analysis of sildenafil and UK-103,320
protein binding.

In the renal impairment study, 7 ml blood samples
were collected for analysis of sildenafil and UK-103,320
before drug administration and at 0.5, 1, 1.5, 2, 4, 6, 8, 10,
12, 18, 24, 36 and 48 h after drug administration. An
additional 10 ml blood sample was drawn immediately
prior to dosing for determination of protein binding.
Protein electrophoresis was also performed on the predose
blood sample. Creatinine clearance was measured based
on urine samples collected predose and from 0 to 24 h
postdose. A plasma sample from the 24-h blood collection
was assayed for creatinine concentrations.

In the hepatic impairment study, blood samples were
collected for determination of sildenafil and UK-103,320
concentrations predose and at 0.25, 0.5, 1, 1.5, 2, 6, 10,
18, 24, 36 and 48 h postdose. A blood sample was also
collected at 1 h postdose for determination of protein

binding.
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In all three studies, the simultaneous determination
of plasma concentrations of sildenafil and its major
metabolite were analysed using automated sequential
trace enrichment of dialysates and high-performance
liquid chromatography [13]. The limits of quantification
were 1 ng ml™ ' for both analytes. The overall imprecision
(CV) was 5.1%, 3.2% and 3.0% for sildenafil and
3.4%, 3.1% and 2.9% for UK-103,320 concentrations
of 3, 125 and 200 ng ml ™', respectively. The inaccuracy
(bias) of the assay at all concentrations ranged from
—2.3 to 3.5% for sildenafil, and from —7.0 to 4.8%
for UK-103,320.

Plasma protein binding of sildenafil and UK-103,320
was determined by an equilibrium dialysis technique
across a Spectropor membrane in the effects of age and
hepatic impairment studies using automated sequential
trace enrichment of dialysates. For the renal impair-
ment study, predose plasma samples were spiked with
['*C]-sildenafil and then subjected to equilibrium dialysis
across a Spectropor membrane. After equilibrium dialysis
the analytical methodology and performance were the
same as the plasma assay.

The pharmacokinetic parameters calculated for silde-
nafil and its primary metabolite were maximum observed
plasma concentration (C,,.), area under the plasma
concentration—time curve to infinity (AUC), time to the
first occurrence of Cp.c (Timax), terminal phase rate
constant (k.j), terminal phase half life (¢;,5), fraction of
unbound drug, maximum observed plasma concentration
of unbound drug (free C,..), area under the plasma
concentration—time curve of unbound drug to infinity
(free AUC), oral clearance of sildenafil (CL/F) and the
creatinine clearance (CL,).

Safety and tolerability

Laboratory safety tests, vital signs and ECGs were per-
formed at regular intervals during the studies. The nature
and severity of observed or volunteered adverse events
were recorded throughout the study periods.

Statistical analysis

Effect of age

Based on data from a previous trial, a sample size of
15 subjects in each group was considered sufficient to
have at least 80% power of detecting a 50% difference
between the two groups in AUC and C,,, at the 5%
significance level. Analysis of variance (ANOva) was used
to compare sildenafil and UK-103,320 AUC and C,,,,
(natural log transformed), T,,.y, ke and fraction unbound
in the young vs the elderly groups.

24S

Effect of renal impairment

A sample size of 24 subjects (normal function=eight,
mild impairment =five, moderate =four, severe =seven)
was selected as a compromise between the need to
minimize exposure of renally impaired subjects to
sildenafil and the need to maintain residual degrees of
freedom to support firm conclusions. Oral clearance
(CL/F) and C,,. for sildenafil and C,,. and AUC
for UK-103,320 were analysed using regression tech-
niques to determine their relationship to CL. and
age. CL/F, C,.. kg and protein binding (fraction
unbound) for sildenafil and C,,,,, AUC, k, and protein
binding for UK-103,320 were subjected to anova and
pairwise comparisons were made between the subject
groups.

Effect of hepatic impairment

Based on data from a previous trial, a sample size of 24
subjects (12 per group) was considered sufficient to detect
a 65% increase in the mean AUC of sildenafil, with 80%
power at the 5% significance level. Pharmacokinetic
parameters for sildenafil and UK-103,320 were compared
for subjects with normal vs cirrhotic livers using paired
t-tests (AUC, C,.c kg and fraction unbound), or
Wilcoxon signed ranks test (1,,,,). AUC and C,,,, were
subjected to natural logarithmic transformation prior to
analysis.

Results
Effects of age

Fifteen young men (mean age 30 years; range 19—45 years)
and 15 elderly men (mean age 70 years; range 65—81 years)
completed the study. All subjects were white, except for
one young subject who was Hispanic. Height and weight
ranges were similar for both groups.

Pharmacokinetic results for young and elderly subjects
are summarized in Table 1. Plasma concentrations of
sildenafil and UK-103,320 rose rapidly in the young
and elderly subjects, with a T, of approximately 1 h
in both groups (Figure 1). In the young men, plasma
sildenafil concentrations decreased to nondetectable con-
centrations (<1 ng ml~ ") by approximately 16 h post-
dose, while concentrations remained detectable for up to
36 h in the elderly men. Concentrations of UK-103,320
were detectable for up to 24 h in the young subjects and
36 h for the elderly subjects.

Although sildenafil AUC and C,,,, values overlapped
considerably between groups, mean values were signifi-
cantly greater for elderly subjects, with mean AUC values
about twice as high (P<0.0001) and mean C,,,, values
about 60—70% higher (P<0.001) in the elderly men than

© 2002 Blackwell Science Ltd Br J Clin Pharmacol, 53, 215-30S



Table 1 Pharmacokinetic parameters of sildenafil and UK-103,320 in
young and elderly subjects after administration of single 50-mg sildenafil
dose. Geometric mean +SDs are presented for C,,, and AUC;
arithmetic mean 4+ SDs are presented for k., fraction unbound and
CL/F; median plus range are presented for T,,,.; and harmonic means
are presented for fy 5.

Young Elderly
Parameter m=15) m=15)
Sildenafil
Cinax (ng ml™ 1) 178470 3034102
Ratio (elderly/young) - 1.70
95% CI - 1.29, 2.24
P-value - 0.0005
AUC (ng ml™ "' h) 586 +205 1077 4283
Ratio (elderly/young) - 1.84
95% CI - 1.43, 2.35
P-value - <0.0001
Ty () 1.0 [0.5-2.0] 1.0 [1.0-2.0]
ka (b7 0.268 £0.064 0.18340.091
Fraction unbound (%) 43411 34411
CL/F (ml min— 1) 15374722 800 +220
t1,> (h) 2.6 3.8
UK-103,320
Cinax (ng ml™ 1) 90£38 146 52
Ratio (elderly/young) - 1.62
95% CI - 1.22, 2.16
P-value - 0.0016
AUC (ng ml™" h) 282+ 144 5824232
Ratio (elderly/young) - 2.07
95% CI - 1.48, 2.88
P-value - 0.0001
Ty () 1.0 [0.5-1.0] 1.0 [0.5-1.5]
ka (b7 0.22240.078 0.13240.045
Fraction unbound (%) 4.940.9 3.8+1.2
t12 (h) 3.1 5.2

in the young men. Mean sildenafil k. was significantly
lower in the elderly group (0.183 h™') than in the
young group (0.268 h™'; P <0.01), corresponding to a
difference in half-life of 1.2 h. Similar patterns for these
parameters were observed for UK-103,320.

Plasma protein binding was greater in the elderly than
the young, leading to a statistically significant (P=10.04)
reduction in the unbound fraction of drug (3.4% in
the elderly vs 4.3% in the young). This led to free
concentrations of unbound drug that were approximately
40% higher in elderly subjects. Mean (+s.d.) values
for free C,, were 7.4+2.8 and 9.94+2.6 ng ml ! and
free AUC were 24.3+8.4 and 35.3+16.9 ng ml~! for
the elderly and young, respectively.

Effects of renal impairment

A total of 24 men (aged 22-72 years) enrolled in and
study. Eight of
these had normal renal function (CL.,>80 ml min '),

completed the renal impairment

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 215-30S

Effects of age, renal, and hepatic impairment

a

T 350

€

(@]

£ 300

C

ke

*@' 250

z

g 200

C

3

S 150

£

& 100

o

g 50

C

[0]

g 0 L L

« 0 4 8 12 16 20 24

Time post dose (h)

b

e 2001

(@]

<

C

ke

5 150 I,

z

(0]

(&)

C

8 100H

©

£

(7]

ko

o

S 50

Al

o

)

o

; O L L

3 0 4 8 12 16 20 24

Time post dose (h)

Figure 1 (a) Mean plasma concentration profiles of sildenafil
(ng ml™ ") in young (O) and elderly (@) subjects following
administration of a 50-mg dose of sildenafil. (b) Mean plasma
concentration profiles of UK-103,320 (ng ml~ ') in young (O)
and elderly (@) subjects following administration of a 50-mg
dose of sildenafil.

five had mild impairment (CL_, =50-80 ml min~ ), four
had moderate impairment (CL.=30-49 ml min ')
and seven had severe impairment (CL., <30 ml min~').
All  subjects and weighed 57-90 kg.
Hypertension was present in five subjects with mild
renal impairment, three with moderate impairment and

were white,

six with severe impairment. Most were taking antihyper-
tensive drugs. One subject in the normal function group
had hypertension and Henoch-Schonlein purpura.

The pharmacokinetic parameters for sildenafil and
UK-103,320 in men with normal and impaired renal
function are summarized in Table 2. Plasma concentra-
tions of sildenafil and UK-103,320 overlapped consider-
ably among the four groups (Figure 2). Absorption of
sildenafil was rapid in all groups, with T,,,, occurring
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Table 2 Pharmacokinetic parameters of sildenafil and UK-103,320 in healthy volunteers and those with mild, moderate or severe renal impairment

after administration of single 50-mg sildenafil dose. Geometric mean+ SDs are presented for C,,,., AUC and CL/F; arithmetic mean 4+ SDs are

presented for k,; (UK-103,320) and fraction unbound; median plus range are presented for T,,,,,; and harmonic means are presented for k. (sildenafil)

and 1y 5.
Renal impairment
Normal Mild Moderate Severe
Parameter m=3§) m=35) m=4) m=7)
Sildenafil
Cinax (ng ml™ 1) 246 +120 256 +77 288 +188 464+162
Ratio (/normal) - 1.04 1.17 1.88
95% CI - 0.65, 1.65 0.71, 1.92 1.24, 2.87
P-value - 0.8677 0.5231 0.0051
AUC (ng ml™"' h) 7561373 683+ 164 882+415 15194639
Thoax (h) 0.8 [0.5-1.0] 0.5 [0.5-1.5] 1.0 [0.5-1.5] 0.5 [0.5-0.5]
kg (7Y 0.204 4+0.056 0.16440.051 0.23040.053 0.176+0.032
Fraction unbound (%) 2.74+0.8 2.4+0.7 2.0+0.5 22+0.5
CL/F (ml min™") 11024594 12204313 945 +317 5494193
Ratio (/normal) - 1.11 0.86 0.50
95% CI - 0.69, 1.77 0.52, 1.42 0.32, 0.76
P-value - 0.6583 0.5329 0.0028
t1/2 (h) 3.4 4.2 3.0 3.9
UK-103,320
Conax (ng ml™ 1) 87136 151493 103+122 156 +49
Ratio (/normal) - 1.73 1.17 1.79
95% CI - 0.96, 3.09 0.63, 2.20 1.05, 3.04
P-value - 0.0656 0.6031 0.0335
AUC (ng ml~ ' h) 3024237 68411043 52541196 907 +411
Ratio (/normal) - 2.26 1.74 3.00
95% CI - 0.93, 5.54 0.66, 4.54 1.33, 6.76
P-value - 0.0714 0.2446 0.0106
Toax (h) 1.0 [1.0-1.0] 1.0 [0.5-1.5] 1.0 [0.5-1.5] 1.0 [0.5-1.0]
kg (7Y 0.129 +0.064 0.090 +0.029 0.11840.062 0.09040.042
Fraction unbound (%) 3.44+0.9 29+0.8 2.54+0.8 2.6+0.5
t15 (h) 5.4 7.7 5.9 7.7

within 1.5 h postdose in all subjects. The only significant
between-group differences in sildenafil pharmacokinetics
were in the subjects with severe renal impairment vs those
with normal renal function. In those with severe impair-
ment, CL/F was significantly decreased compared with
those with normal function (P<0.01), where the ratio of
means was 0.50 (95% confidence interval [CI]: 0.32, 0.76).
A significant increase in Cp,,, was also observed in these
subjects compared with the normal group (P<0.01),
where the ratio of means was 1.88 (95% CI: 1.24, 2.87).

Formal statistical analysis of sildenafil AUC values
was not performed, although systemic exposure to the
drug was similar across the normal, mild and moderate
impairment groups. Mean exposure in the subjects with
severe renal impairment was approximately twice that
observed in the other groups. No significant differences
were observed between groups in sildenafil k. and
consequently half-life or protein binding.

A significant correlation was demonstrated between
CL., and CL/F for sildenafil (P<0.01): CL/F decreased

26S

with CL.. CL. was also significantly correlated with
Cpax for sildenafil (P<0.05), which increased with
decreasing CL, (Figure 3).

There were no overall significant differences between
groups in any UK-103,320 pharmacokinetic parameters.
However, pairwise tests indicated a significant difterence
between the subjects with normal renal function and
those with severe impairment for UK-103,320 C,,.
(P<0.05), where the ratio of means was 1.79 (95% CI:
1.05, 3.04), and for AUC (P<0.05), where the ratio
of means was 3.00 (95% CI: 1.33, 6.76). In addition,
pairwise comparisons showed that UK-103,320 pro-
tein binding was significantly increased (P<0.05) in
the men with severe renal impairment compared with
those with normal function, where the mean treatment
difference for fraction unbound was —0.84 (95% CI:

—1.66, —0.02). CL. was significantly correlated
with Cp, for UK-103,320 (P<0.05) and AUC
for UK-103,320 (P<0.05), which increased with

decreasing CL,,.
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Figure 2 (a) Mean plasma concentration profiles of sildenafil

(ng ml™ ") in men with normal renal function (Q) and those
with mild (@), moderate (L]) or severe (M) impairment
following administration of a 50-mg dose of sildenafil. (b) Mean
plasma concentration profiles of UK-103,320 (ng ml™") in men
with normal renal function (Q) and those with mild (@),
moderate ([J) or severe (M) impairment following administration
of a 50-mg dose of sildenafil.

Effects of hepatic impairment

A total of 24 men (aged 32-63 years) enrolled in and
completed the study. Twelve of these had normal hepatic
function and 12 had biopsy-confirmed hepatic cirrhosis
(seven were Child-Pugh class A and five were Child-Pugh
class B). Plasma concentration profiles of sildenafil and
UK-103,320 are shown in Figure 4.

Absorption of sildenafil was rapid in both the men
with normal hepatic function and those with hepatic
dysfunction, with T, values of 1.4h and 1.6 h,
respectively. The decline in plasma concentrations after

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 215-30S
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Figure 3 Regression analysis showing correlation of creatinine
clearance with (a) sildenafil CL/F, and (b) sildenafil C,,,..

this peak was biphasic in both groups, with an initial rapid
elimination phase followed by a second slower phase that
became apparent at low concentrations. Plasma concen-
trations of sildenafil and UK-103,320 were increased in
the hepatically impaired subjects (Table 3). The increase
in systemic exposure to sildenafil in the cirrhotic subjects
was statistically significant (P<<0.05), with a ratio of the
mean AUC values of 1.85 (95% CI: 1.11, 3.07) and a
46% reduction in CL/F. An increase in sildenafil C,,,, was
also observed (ratio of means=1.47, 95% CI: 0.97, 2.22),
although it was not statistically significant (probably due
to the small sample size). The k. decreased from 0.215
in normal subjects to 0.163 in cirrhotic subjects with
consequent increase in half-life of 34% (3.2-4.3 h,
respectively). No significant differences were shown
between groups in sildenafil protein binding (Table 3).
No clear relationship was evident between Child-Pugh
score and pharmacokinetic parameters, although sildenafil
AUC values in the range of the normal subjects were
observed in four of seven subjects with class A impairment
but only one of five with class B impairment.

The concentration—time profiles for UK-103,320
were very similar to those of the parent compound,
indicating rapid conversion of the drug during first-pass
metabolism. In addition, C,,,, in subjects with cirrhosis
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Figure 4 (a) Mean plasma concentration profiles of sildenafil

(ng ml™ ") in men with normal hepatic function (O) and those
with chronic stable hepatic cirrhosis (@) following administration
of a 50-mg dose of sildenafil. (b) Mean plasma concentration
profiles of UK-103,320 (ng ml~ ') in men with normal hepatic
function (O) and those with chronic stable hepatic cirrhosis

(@) following administration of a 50-mg dose of sildenafil.

was significantly increased for UK-103,320 (ratio of
means =1.87, 95% CI: 1.31, 2.68; P<0.01). The systemic
exposure to UK-103,320 was more than double that
seen for the patients with normal liver function (ratio
of UK-103,320 AUC means=2.54, 95% CI: 1.68, 3.85;
P<0.001). The higher ratio of UK-103,320 AUC to
sildenafil AUC in subjects with cirrhosis (71%) compared
with those with normal function (52%) suggests that liver
dysfunction may affect elimination of the metabolite to
a greater degree than that of the parent compound. No
significant differences were shown between groups in
protein binding of the metabolite (Table 3).
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Table 3 Pharmacokinetic parameters of sildenafil and UK-103,320 in
normal subjects and those with hepatic impairment after administration
of single 50-mg sildenafil dose. Geometric mean £ SDs are presented for
Cinaxs AUC and CL/F; arithmetic mean + SDs are presented for k,j and
fraction unbound; median plus range are presented for T,,,,; and

harmonic means are presented for f1,5.

Normal Cirrhotic
Parameter m=12) m=12)
Sildenafil
Conax (ng ml™ ) 155456 2284131
Ratio (/normal) - 1.47
95% CI - 0.97, 2.22
P-value - 0.0667
AUC (ng ml~" h) 664 +254 1225 +296
Ratio (/normal) - 1.85
95% CI - 1.11, 3.07
P-value - 0.0227
Ty () 1.5 [1.0-2.0] 1.5 [1.0-2.0]
ka (h™h 0.21540.059 0.16340.051
Fraction unbound (%) 3.46+0.61 3.70+1.34
CL/F (ml min ") 12554533 6804712
t1/2 (h) 3.2 4.3
UK-103,320
Conax (ng ml™ ) 83+38 155451
Ratio (/normal) - 1.87
95% CI - 1.31, 2.68
P-value - 0.0026
AUC (ng ml™ "' h) 343+162 8734343
Ratio (/normal) - 2.54
95% CI - 1.68, 3.85
P-value - 0.0004
Ty () 1.0 [1.0-2.0] 1.5 [1.0-2.0]
ka (h™h 0.22340.101 0.1204+0.048
Fraction unbound (%) 4.86+1.01 5.55+1.45
t12 (h) 3.1 5.8

Safety and tolerability

In all three studies, sildenafil was well tolerated and most
adverse events were mild in severity (Table 4). No
relationship was demonstrated between sildenafil and
laboratory abnormalities. There were no severe or serious
adverse events, and no subject discontinued treatment
for any reason.

Discussion

Three open-label, parallel-group studies were conducted
to determine the effects of age, renal and hepatic
dysfunction on the pharmacokinetics and safety profile
of sildenafil. In the study comparing a single oral 50-mg
dose of sildenafil in young and elderly subjects, significant
differences were observed between the two groups in
AUC and C,,, for both the parent drug and the
metabolite, although there was considerable overlap
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Effects of age, renal, and hepatic impairment

Table 4 Incidence of adverse events and laboratory abnormalities for all studies.

Effect of age

Renal impairment

Hepatic impairment

Number of Young Elderly Normal Mild Mod Severe Normal Cirrhotic
Subjects with: m=15) m=15) m=3§) m=35) m=4) m=7) m=12) m=12)
Adverse events 2 2 0 0 0 0 3 2
(all-cause)

Adverse events 1 1 0 0 0 0 0 1
(treatment-related)*

Laboratory abnormalities 0 57 4 4 4 7 1 12
(all-cause)

Laboratory abnormalities 0 0 0 0 0 0 0 0

(treatment-related)

*Mild dizziness and moderate headache in one subject in the young group, mild tachycardia and moderate dizziness in one subject in the elderly group

and mild headache in one subject with hepatic impairment. fIncludes four elderly subjects with abnormalities at baseline and 48 h postdose.

between groups. The higher mean AUC (1077 ws
586 ng ml~ ' h) and C,.. (303 vs 178 ng ml ™) values
in the elderly men were probably attributable to
differences in oral clearance and volume of distribution.
The differences could be partially accounted for by the
observed differences in plasma protein binding between
the two groups with the reduced free fraction in the
elderly leading to a reduced clearance. The consequence
of this is that differences in free sildenafil C,,,
9.9 vs 7.4 ng ml*l, and free sildenafil AUC, 35.3 vs
243 ng ml~ ' h, for elderly vs young were smaller than
those for total plasma sildenafil concentrations.

Since hepatic metabolism accounts for more than 85%
of sildenafil metabolism, age-related effects on hepatic
function are likely to play a large role in the observed
increases in sildenafil concentrations in the elderly [7]. The
main changes noted with ageing, a reduction in hepatic
blood flow of approximately 40% and a reduction in the
activity of oxygen requiring enzymes [10], would both
be expected to affect sildenafil clearance.

In the second study investigating the pharmacokinetics
of sildenafil and UK-103,320 in men with normal renal
function and varying degrees of renal impairment, the
pharmacokinetics of sildenafil and UK-103,320 in men
with mild or moderate renal impairment were not
significantly different from those in normal men. In
contrast, the pharmacokinetics of the drug and metabolite
were significantly altered in men with severely impaired
renal function, resulting in drug exposure that was
approximately double that observed in men with normal
renal function. The correlation between the degree of
renal impairment (CL.) and parameters such as C,,,
AUC and CL/F suggests that the reduction in oral
clearance of sildenafil is related either directly to renal
function or indirectly to the effects of renal impairment on
hepatic function. Given the limited excretion of sildenafil
and UK-103,320 in the urine, the latter explanation
appears more likely.

© 2002 Blackwell Science Ltd Br | Clin Pharmacol, 53, 215-30S

The presence of circulating endogenous substances that
inhibit hepatic metabolic clearance has been suggested as
the mechanism for reduced oral clearance of drugs in
patients with chronic renal failure [12]. This proposed
mechanism is based on the findings from the single pass
pertusion study in rat liver of Terao and Shen [14]. In their
study, the metabolic activity of normal livers perfused with
normal blood and uremic livers perfused with normal
blood were found to be similar, while that of normal livers
perfused with uremic blood was shown to be lower. The
existence of endogenous inhibitory substances in uremic
blood was postulated as the likely explanation for this
difference. In addition in a study of the pharmacokinetics
of bopindolol, the drug was found to accumulate in
patients with chronic renal failure but the disposition
in patients on regular haemodialysis did not differ from
that of subjects with normal renal function [15]. The
underlying these effects is thought to
depend on the accumulation of endogenous metabolic
inhibitors that are subsequently removed by regular
haemodialysis [15].

As would be predicted for a drug with a relatively high
CL/F and first-pass metabolism [5, 6], the pharmaco-
kinetics of sildenafil were altered in subjects with chronic
stable cirrhosis, as shown by a 46% reduction in CL/F and
a 47% increase in C,,, compared with normal subjects.
This suggests a reduction in hepatic first-pass metabolism
as well as systemic clearance in these individuals, resulting
in a systemic exposure (AUC) to sildenatil approximately
85% greater than that observed in age- and weight-

mechanism

matched healthy subjects. However, it should be noted
that in five
concentrations were in the range of those seen in healthy
volunteers. These findings are similar to those reported for
other drugs whose metabolism is predominantly hepatic.
The eftects are probably due to one of a number of
consequences stemming from decreased permeability of

men with cirrhosis, sildenafil plasma

the sinusoid in the cirrhotic liver, namely hepatocellular
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insufficiency, portacaval shunting and alterations in
hepatic blood flow [16].

Despite the reduced oral clearance of the drug in
men with hepatic impairment, the increase in systemic
exposure to UK-103,320 was approximately twice that
seen for the parent drug. The ratio of UK-103,320 AUC
to sildenafil AUC was 71% in cirrhotic subjects and 52%
in normal subjects, suggesting that liver dysfunction affects
elimination of the metabolite to a greater degree than that
of the parent compound.

In each of the three studies, sildenafil was well tolerated
and most adverse events were mild in severity. No
relationship was demonstrated between sildenafil and
laboratory abnormalities. There were no serious or severe
adverse events, and no subject withdrew for any reason.

In conclusion, the studies described here have shown
that sildenafil plasma concentrations are increased in
the elderly (=65 years) and subjects with severe renal
impairment (CL., <30 ml min~") and hepatic impair-
ment. Given that higher plasma concentrations may
increase both efficacy and the incidence of adverse
events, a starting dose of 25 mg should be considered
in patients with severely compromised renal or hepatic
function.
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