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Abstract

Famciclovir is the well-absorbed oral form of penciclovir, an antiviral agent with potent activity against
varicella-zoster virus (VZV) and herpes simplex virus types 1 (HSV-1) and 2 (HSV-2). After oral administration,
famciclovir is rapidly converted to penciclovir with a bioavailability of 77%. Penciclovir is efficiently phosphorylated
to the active metabolite, penciclovir-triphosphate, and has a prolonged intracellular half-life of approximately 9—10
h in VZV-infected cells, and 10 and 20 h in cells infected with HSV-1 and HSV-2, respectively. Two multicenter
clinical trials have shown that famciclovir given during the acute zoster phase accelerated healing of cutaneous lesions.
More importantly, in a placebo-controlled study, famciclovir reduced the duration of postherpetic neuralgia (PHN),
particularly in elderly patients. Famciclovir has also been proven effective in treating recurrent genital herpes, as
demonstrated by a reduction in times to cessation of viral shedding, complete healing, and loss of all symptoms. One
study showed that suppressive therapy with famciclovir was effective in reducing genital herpes episodes in patients
with frequent recurrences. A promising new area of investigation for famciclovir is controlling virus replication in
patients with chronic hepatitis B virus (HBV) or HBV reinfections after liver transplant. Results from a double-blind,
placebo-controlled, pilot study and several case reports have shown that famciclovir, alone or in combination with
other agents, decreased HBV-DNA levels and was well tolerated with long-term treatment. Available clinical data
indicate that famciclovir is an effective agent for treating herpes zoster and genital herpes and holds significant
promise for the treatment of chronic HBV infection and HBV reinfection after liver transplantation.
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1. Introduction

* Corresponding author. Tel.: + 713 333 2288; fax: + 713
333 2338.

Abbreviations: VZV varicella-zoster virus; HSV herpes sim-

plex virus; HBV hepatitis B virus; PHN postherpetic neuralgia.

Famciclovir is the oral prodrug of penciclovir,
an antiviral agent with activity against varicella-
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zoster virus (VZV), and herpes simplex virus types
1 (HSV-1) and 2 (HSV-2) (Boyd et al., 1987, 1988,
1993; Bacon and Schinazi, 1993). Famciclovir is
rapidly and extensively absorbed following oral
administration. Famciclovir is effectively metabo-
lized, in the intestinal wall and liver, by removal
of the two acetyl groups to give 6-deoxy-penci-
clovir, which is then oxidized at the 6-position of
the purine ring to form penciclovir (Vere Hodge
et al., 1989; Vere Hodge, 1993; Vere Hodge et al.,
1993a,b). Within herpesvirus-infected cells, the vi-
ral enzyme thymidine kinase efficiently converts
penciclovir to penciclovir monophosphate, which
is converted by other cellular enzymes to the
active metabolite, penciclovir triphosphate (Vere
Hodge and Perkins, 1989; Vere Hodge and
Cheng, 1993). Penciclovir triphosphate inhibits
viral replication through competitive inhibition of
viral DNA polymerase (Earnshaw et al., 1992;
Vere Hodge and Cheng, 1993).

Until the introduction of famciclovir for the
treatment of uncomplicated herpes zoster, acy-
clovir was the only available antiviral agent for
the treatment of this infection. The mechanism of
action of acyclovir, which is an acyclic guanosine
analog like famciclovir, is also through phospho-
rylation of the monophosphate catalyzed by viral
thymidine kinase. Phosphorylation to the triphos-
phate ester is completed by other cellular enzymes
and results in subsequent inhibition of viral repli-
cation. However, famciclovir shows a much im-
proved pharmacokinetic and bioavailabilty profile
when compared with acyclovir (Pue et al., 1994).
Unlike acyclovir, which is poorly absorbed after
oral administration and has a 10-20%
bioavailability (Weller et al., 1993), famciclovir is
rapidly and extensively absorbed following oral
administration as shown in a study of twelve
healthy male volunteers, where the absolute
bioavailability of famciclovir was 77% (Pue et al.,
1994). The pharmacokinetic profile of penciclovir
is linear over the therapeutic dose range of famci-
clovir (125-750 mg), which is in contrast to a
decrease in the systemic availability of acyclovir
as the dose is increased (Pue et al, 1994; de
Miranda and Good, 1992). Penciclovir triphos-
phate has a prolonged intracellular half-life in
VZV-infected cells (9—-14 h) and in cells infected

with HSV-1 (10 h) and HSV-2 (20 h) (Earnshaw
et al., 1992; Standring-Cox et al., 1994; Vere
Hodge and Perkins, 1989; Bebault et al., 1995),
which may contribute to the persistent antiviral
effect seen in vivo.

This review will examine recent clinical efficacy
and safety data for famciclovir in the treatment of
herpes zoster and genital herpes. Early reports on
the successful use of famciclovir in treating pa-
tients with chronic hepatitis B virus (HBV) infec-
tions will also be discussed, since there is currently
no satisfactory treatment for chronic HBV infec-
tions (Mutchnick et al., 1994).

2. Efficacy against herpes zoster

The onset of herpes zoster is characterized by a
vesicular rash and moderate to severe pain, with
pain often preceding the rash (Whitley, 1994,
Straus, 1993). The incidence of herpes zoster in-
creases with age and was reported to be more
than 40% in patients aged 50-70 years old (Hope-
Simpson, 1965). The skin infection usually re-
solves within 4-6 weeks, but a percentage of
patients continue to suffer pain after the rash has
healed (Whitley, 1994; Loeser, 1986). Persistent
pain after healing of all zoster lesions is termed
postherpetic neuralgia (PHN) (Portenoy et al.,
1986; Watson and Evans, 1986). The etiology of
PHN is not known, but there is general agreement
that it results from virus-induced damage to nerve
tissue. It is the most common complication of
herpes zoster, is associated with significant mor-
bidity, and is generally refractory to many forms
of treatment. As with acute herpes zoster, the risk
of PHN increases with advancing age. The inci-
dence of PHN was reported to be 40% in patients
50 years old with an increase in incidence to 70%
in patients 70 years of age or older (de de Mora-
gas and Kierland, 1957).

Although acyclovir therapy has proven effective
in decreasing the symptoms of acute zoster infec-
tion, acyclovir has not shown a consistent benefit
in managing PHN (Wood et al., 1987, 1988, 1994;
Huff et al., 1988; McKendrick et al., 1986;
Sasadeusz and Sacks, 1993). Famciclovir has been
studied in two large clinical trials where its effects
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Table 1
Time to loss of postherpetic neuralgia

Overall patients Patients >50 years old

Famciclovir (500 Famciclovir (750 Placebo  Famciclovir (500 Famciclovir (750 Placebo

mg) mg) mg) mg)
n 61 68 56 41 47 31
Median (days) 63 61 119 63 63 163
Hazard ratio 1.7 1.9 - 2.6 2.6 -
P-value 0.02 0.005 - 0.004 0.003 -

# Reproduced with permission from Tyring et al. (1995)

on both rash healing of acute herpes zoster and
control of acute pain were evaluated. In addition,
the effects of famciclovir on the duration of PHN,
which was prospectively defined, was analyzed in
the placebo-controlled trial. In both trials, time-
to-event data were analyzed using the Cox pro-
portional hazard regression model, with hazard
ratios greater than 1 indicating that the event
occurred sooner for the famciclovir groups than
for the acyclovir or placebo groups.

The placebo-controlled study was a prospective,
randomized, double-blind trial in which famci-
clovir was evaluated in 419 intent-to-treat im-
munocompetent adult patients who presented
within 72 h of the appearance of the herpes zoster
rash (Tyring et al., 1995). Patients received either
500 mg or 750 mg of famciclovir or placebo three
times daily for 7 days. The mean patient age was
50 years and about half of the patients were
women. Over half of the patients had > 50 lesions
at the start of treatment, and most had moderate
or severe zoster pain.

Accelerated healing of skin lesions, as demon-
strated by reduced times to full crusting and loss
of vesicles, ulcers and crusts, was noted in patients
treated with famciclovir compared with those who
received placebo. The median duration of viral
shedding was reduced from 2 days in the placebo
group to 1 day in famciclovir-treated patients.
The reduction in the duration of viral shedding
was statistically significant for famciclovir versus
placebo (P =0.0005). Median times to loss of
acute pain were 20, 21 and 22 days for the famci-
clovir 500 mg, 750 mg and placebo groups, re-
spectively, with hazard ratios of 1.2 and 1.1 for

the 500-mg and 750-mg groups, respectively. Al-
though there was no significant difference in the
hazard ratios for acute pain for patients overall,
the 500-mg famciclovir recipients with severe rash
(> 50 lesions) at enrollment lost pain approxi-
mately two times faster compared with those on
placebo (P = 0.003).

Patients were assessed for PHN every month
for 5 months following healing, where PHN was
prospectively defined as the pain persisting after
the herpes zoster lesions had healed. Of the 419
patients, 185 (44%) developed PHN. The duration
of PHN was significantly reduced (P =0.02; P =
0.005, respectively) in patients treated with 500
mg and 750 mg of famciclovir compared with
those who received placebo. Patients receiving
either dose of famciclovir lost PHN two times
faster than those receiving placebo, with a reduc-
tion in the median duration of PHN of approxi-
mately 2 months.

In the subgroup of patients who were > 50
years of age and most prone to develop PHN, the
median time for resolution of PHN was 2.6 times
faster in patients who received famciclovir than in
those who received placebo (hazard ratio = 2.6)
(Table 1). The median number of days to loss of
PHN in these older patients was reduced from 163
days in the placebo group to 63 days in both of
the famciclovir groups (P =0.004 and P =0.003
for the 500-mg and 750-mg famciclovir groups,
respectively). This represented a reduction in the
median duration of PHN of more than 3 months
(Fig. 1).

The second study was a double-blind, double-
dummy, randomized study that compared the
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efficacy and safety of famciclovir with acyclovir
in 545 immunocompetent patients with acute
herpes zoster (Degreef et al, 1994). Patients
were treated with either famciclovir (250 mg,
500 mg, or 750 mg) three times a day or acy-
clovir (800 mg) five times a day for 7 days. As
in the placebo-controlled study, treatment was
started within 72 h of the onset of zoster rash.
The patient population was similar to that of
the placebo-controlled trial. All dose levels of
famciclovir were equally effective as acyclovir
for healing cutaneous lesions. Median times to
full crusting, cessation of new lesion formation,
loss of vesicles and loss of crusts were compara-
ble in famciclovir- and acyclovir-treated groups.
Median time to loss of acute pain was also simi-
lar for the famciclovir groups (21, 14 and 21
days for 250 mg, 500 mg and 750 mg, respec-
tively) and the acyclovir group (21 days). Thus,
this study showed that famciclovir, administered
less often and at a lower dose, was comparable
to acyclovir in the treatment of acute uncompli-
cated herpes zoster.

100
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40
Famciciovir 500 mg
3x/aday (n=41)
20F  sim Placebo P=0.004
(n=39)
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Healed (normal skin) Days post-healing

Fig. 1. Time to loss of postherpetic neuralgia in patients > 50
years old receiving 500 mg of famciclovir. Adapted with
permission from Tyring et al. (1995)

3. Efficacy against genital herpes

Herpes simplex virus type I is commonly associ-
ated with oral-labial infections (cold sores) while
HSV-2 is primarily associated with genital herpes
infections. The incidence of genital herpes infec-
tion may range from 1% to 80% in the adult
population depending on several factors including
age, socioeconomic group, number of sexual part-
ners, and sexual preference (Corey, 1994). Despite
the increased public awareness of sexually-trans-
mitted diseases, the incidence of genital HSV dis-
eases continues to rise worldwide. In contrast to
first episode genital herpes infections, which are
characterized by systemic symptoms (fever,
headache and malaise) and localized genital le-
sions, recurrent genital infections are generally
limited to localized genital lesions.

Penciclovir has been shown to have antiviral
activity against HSV-1 and HSV-2 in vitro and in
vivo (Boyd et al., 1987; Bacon and Schinazi, 1993;
Vere Hodge and Cheng, 1993; Field et al., 19995).
In an in vivo murine immunosuppression model
for HSV-1, famciclovir was effective in controlling
infection and no recurrence of infectious virus was
seen on cessation of therapy (Field et al., 1995).
This was in contrast to the effect seen with valaci-
clovir, the oral prodrug of acyclovir, where recur-
rence of viral replication was seen in the animals
2 days after valaciclovir therapy was stopped. The
clinical role of famciclovir in the treatment of
recurrent genital herpes has been demonstrated in
two clinical trials, and its potential role in the
suppression of genital herpes has also been inves-
tigated.

Two double-blind, randomized, placebo-con-
trolled, multicenter Canadian studies were con-
ducted to evaluate the efficacy and safety of oral
famciclovir in the treatment of recurrent genital
herpes (Data on file, SmithKline Beecham'; Sacks
et al., 1994a,b). Treatment was patient-initiated in
one and clinic-initiated in the other. In both stud-
ies, patients received either 125 mg, 250 mg or 500
mg of famciclovir or placebo twice daily for 5
days, initiating therapy 6 h or less after prodrome

"'Data on file: SmithKline Beecham Pharmaceuticals,
Philadelphia, PA.
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Table 2

Effects of famciclovir treatment ® in patients with recurrent genital herpes

Famciclovir(125 mg) Famciclovir(250 mg) Famciclovir(500 mg) Placebo

PI CI PI Cl PI Cl PI CI
Time to cessation of viral shedding
n 59 58 58 61 66 47 63 63
Median (days) 1.6 1.5 1.5 1.7 1.3 1.4 33 34
Hazard ratio 2.6 33 33 33 42 3.6
P-value 0.0001 0.0001 0.0001 0.0001 0.0001 0.0001
Time to complete healing
n 108 78 100 78 103 73 88 79
Median (days) 38 4.4 3.7 4.0 4.1 39 4.8 5.0
Hazard ratio . 1.7 1.8 1.7 2.2 1.7 2.2
P-value 0.0004 0.0009 0.0005 0.0001 0.0011 0.0001

PI, Patient-initiated; CI, Clinic-initiated.

2 Patients received famiciclovir or placebo twice daily for 5 days.

References: Sacks et al. (1994a,b). See also data on file, SmithKline Beecham Pharmaceuticals, Philadelphia, USA.

or lesion onset. Treatment was initiated in 467
(217 men; 250 women) patients in the patient-ini-
tiated study and 308 (162 men; 146 women) pa-
tients in the clinic-initiated study. Symptoms and
lesions were assessed twice daily and lesions were
swabbed for viral culture twice daily for the first
S days and then daily until complete healing. In
the patient-initiated study, pretreatment viral cul-
tures were positive in 51%, 45%, 55% and 63%
of famciclovir 125-mg-, 250-mg-, 500-mg- and
placebo-treated patients, respectively. In the
clinic-initiated study, pretreatment viral cultures
were positive in 74%, 79%, 67% and 84% of the
125-mg, 250-mg, 500-mg famciclovir-treated and
placebo-treated patients, respectively. In both
studies, all famciclovir doses significantly reduced
times to cessation of viral shedding and complete
healing (Table 2). In addition, time to loss of all
symptoms was significantly reduced for all treat-
ment groups when compared with placebo for
both studies (P < 0.05).

A multicenter, placebo-controlled trial was
conducted to evaluate the efficacy of famciclovir
iIn suppressing genital herpes recurrences in
women with frequent episodes (=6 per year)
(Mertz et al., 1994). A total of 375 women re-

ceived oral famciclovir, at doses of 125 mg and
250 mg administered once or twice daily, 500 mg
once daily, or placebo for 4 months. The median
time to the first clinical recurrence was 3.8
months in the famciclovir 125-mg once daily
group and greater than 4 months in all the other
famciclovir treatment groups. This was in con-
trast to a median time to first clinical recurrence
of 2.7 months for the placebo group. The time
to first clinical recurrence was significantly pro-
longed in patients who received famciclovir 125
mg twice daily (P =0.031) or 250 mg twice daily
(P = 0.0001). The results for time to first virolog-
ically-confirmed recurrence were similar to those
noted for clinically confirmed recurrence, with
statistical significance (P < 0.05) also achieved
for the famciclovir 250-mg once daily group. Pa-
tients who were treated with famciclovir 250 mg
twice daily had the most clinically significant
prolongation in time to first recurrence. Oral
famciclovir given twice daily for 4 months was
well tolerated and appeared to effectively sup-
press recurrent genital herpes in this study popu-
lation. The results from this trial highlight the
potential future use of famciclovir for suppres-
sion of genital herpes.
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4. Efficacy against hepatitis B

Hepatitis B virus (HBV) infection may be asso-
ciated with a variety of liver diseases including
acute hepatitis, chronic hepatitis, cirrhosis, and
hepatocellular carcinoma. A proportion of pa-
tients who develop chronic liver disease as a result
of HBV will eventually require a liver transplant
due to severe disease progression. While the liver
transplant can be lifesaving, endogenous reinfec-
tion with HBV is a frequent complication, causing
significant morbidity and mortality. Currently,
there is no satisfactory treatment for chronic HBV
infections and therefore a need exists to identify
more effective alternate forms of therapy, espe-
cially to treat immunocompromised patients who
do not respond to interferon therapy (Mutchnick
et al., 1994).

Penciclovir has been shown to inhibit viral
replication in vitro in duck hepatocytes infected
with duck HBV (Shaw et al., 1994). Famciclovir,
the oral prodrug of penciclovir, has been shown
to inhibit HBV replication in vivo in hepatic and
nonhepatic tissues of ducklings that had been
infected in ovo with duck HBV (Tsiquaye et al.,
1994). Penciclovir has also exhibited potent in-
hibitory activity (EC5,=0.2 M) against human
HBV replication in the transfected human hep-
atoma cell line HepG 2.2.15 (Korba and Boyd,
1996).

Mok and coworkers have recently reported that
similar levels of penciclovir-triphosphate were de-
tected in both uninfected and HBV-transfected
liver cells (Mok et al., 1995), suggesting that the
inhibition of HBV by penciclovir involves a mech-
anism other than the selective phosphorylative
process seen in inhibition of the herpesviruses.
HBYV replicates its DNA by a multi-step process.
Genomic RNA in HBV infected cells is tran-
scribed from viral DNA by host RNA poly-
merase. HBV DNA polymerase mediates both
reverse transcription and DNA-directed viral
DNA synthesis. Using an in vitro translation
system, the duck HBV polymerase has been
shown to act as a primer for DNA synthesis and
exhibit reverse transcriptase activity (Zoulim and
Seeger, 1994). These investigators have further
shown that penciclovir inhibits priming of HBV

reverse transcription by inhibiting the synthesis of
the short DNA primer, suggesting that penciclovir
may inhibit HBV by acting at the early stage of
reverse transcription (Zoulim et al., 1995). Using
viral polymerase in core particles from human
HBV-transfected cells, penciclovir-triphosphate
was shown to inhibit the viral polymerase at a low
concentration (K, = 0.04 pM) (Mok et al., 1995).
In comparison, much higher concentrations of
penciclovir triphosphate are required to inhibit
host DNA polymerase, the reported K; values for
DNA polymerase « being 175 uM (Earnshaw et
al., 1992) and 200 uM (Ilsley et al., 1995). There-
fore, the selective activity of famciclovir against
HBV is due to its greater than 4000-fold higher
affinity for the viral polymerase than the host
polymerase.

The promising results from in vitro and animal
studies have led to the use of famciclovir to
suppress viral replication in patients with chronic
HBYV infections and HBV reinfections after liver
transplants. The efficacy of famciclovir in the
treatment of 17 patients with chronic HBV infec-
tion was evaluated in a double-blind, placebo-
controlled, pilot study (Main et al., 1994). Twelve
patients received either 250 mg or 500 mg three
times daily and five patients received placebo for
10 days. Six of the eleven evaluable patients
showed a 90% decrease in levels of HBV-DNA.
This reduction in HBV-DNA levels was main-
tained in four patients (three of whom received
250 mg t.i.d.) throughout the 10-day treatment
period. No reduction in HBV-DNA levels was
noted in the evaluable placebo recipients. Famci-
clovir was well tolerated in all patients with no
evidence of hepatotoxicity.

Famciclovir was successfully used to treat a
patient who received a liver transplant for liver
failure from chronic HBV infection (Angus et al.,
1994). The patient subsequently developed recur-
rent hepatitis and showed high levels of HBV-
DNA at 5 months after transplantation.
Famciclovir was used as maintenance therapy fol-
lowing treatment with a combination of ganci-
clovir and foscarnet. After 2 months of
maintenance treatment with famciclovir, levels of
HBV-DNA and HBsAg had decreased thirty-fold
and liver biochemistry was normal. At the time of
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the report, the patient had been well for 32
months after transplantation.

More recently, the same group of investigators
reported the results of treatment with famciclovir
in 38 HBV-positive orthotopic liver transplant
patients (Angus et al., 1995). The median time to
occurrence of HBV reinfection was 6 months after
transplantation. All 38 patients were positive for
serum HBV-DNA prior to famciclovir treatment.
The patients were treated with 500 mg of famci-
clovir three times a day (if renal function was
poor, dose frequency was reduced) for up to 21
months (median: 6 months) in an open compas-
sionate use protocol. Detailed HBV-DNA data
that were available for 27 of these patients
showed an 80% decrease in HBV-DNA levels in
15 of the 27 patients. HBV-DNA was unde-
tectable in the serum of 9 of the 27 patients by
conventional hybridization assay, and three of the
nine patients were HBV negative as determined by
polymerase chain reaction (PCR). The decrease in
HBV-DNA levels was usually seen at 4 weeks and
continued declining during treatment, and was
usually associated with a concomitant decrease in
transaminase levels. At the time of the report,
seven of the patients had been successfully treated
for more than 1 year and showed good tolerance
of famciclovir over this period of time.

In another case report, Boker and coworkers
reported use of famciclovir in combination with a
short course of prostaglandin E in a patient who
developed severe hepatitis B 6 months after liver
transplantation (Boker et al., 1994). Intravenous
prostaglandin E, to suppress liver inflammation,
was given at 5 mg/kg/h for 17 days and oral
famciclovir, at a dosage of 750 mg three times a
day, was begun on day 14. The famciclovir dosage
was reduced to 500 and 250 mg three times a day
after 10 days and 20 weeks, respectively. Initial
prostaglandin E therapy reduced the inflamma-
tory activity as evidenced by the decrease in
transaminase levels, but had no effect on HBV
replication. Consecutive long-term treatment with
famciclovir showed a profound decrease in HBV-
DNA levels and a continued decrease in levels of
transaminase. HBeAg and HBV-DNA, as de-
tected by PCR, were negative after 28 weeks of
famciclovir treatment, but HBsAg was still

present after 31 weeks of treatment. Liver histol-
ogy showed a marked reduction in cellular
infiltration. The combination therapy of a short
prostaglandin E course to reduce inflammation
and famciclovir to suppress viral replication was
successful and enabled the patient to return to
work.

5. Safety of famciclovir

Results of an integrated safety analysis of 13
completed clinical studies showed that famciclovir
is well tolerated by patients with either herpes
zoster or genital herpes (Saltzman et al., 1994).
The analysis included 1607 patients from 11 com-
pleted, randomized, double-blind clinical trials of
famciclovir and two open studies. The famciclovir
recipients in these studies included 816 patients
with herpes zoster (4 trials), 409 patients with
acute genital herpes (7 trials) and 382 patients
from two genital herpes suppression studies. The
mean duration of exposure to famciclovir was
28.8 days (range, 1-173 days); however, this in-
cluded 32 patients who were treated for approxi-
mately 4 months in two genital herpes suppression
studies. When patients from these two long-term
studies were excluded, the mean duration of expo-
sure to famciclovir was 5.8 days. Two-thirds of
the patients (814 patients in the herpes zoster
trials; 253 patients in the genital herpes trials)
received 750 mg or more of famciclovir daily
(dose range was from 125 mg to 225 g).
Headache (9.3%), nausea (4.5%) and diarrhea
(2.4%) were the most common adverse events
reported as related (includes the categories of
related, probably related, possibly rclated and
causalities which were unassessible or not indi-
cated) to famciclovir. The incidence and severity
of these events were comparable to those occur-
ring in the placebo groups (7.9%, 4.2%, and 2.3%,
respectively). None of the reports of headache,
nausea or diarrhea were serious and no serious
adverse experience among famciclovir-treated pa-
tients was considered to be related or probably
related to the medication.

No clinically significant differences between the
famciclovir and placebo groups were observed
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when laboratory parameters related to hematol-
ogy, hepatic function, renal function, serum elec-
trolytes, muscle and bone metabolism and glucose
levels were measured. Administration of famci-
clovir also showed no clinically relevant changes
in urinalysis parameters. Although 1.4% and 2.5%
of famciclovir recipients showed increases in the
levels of alanine transaminase and serum phos-
phatase, respectively, similar number of patients
on placebo (1.2% and 1.5%) also showed respec-
tive increases in these two enzymes.

The effect of famciclovir on testicular function
was studied in men with a history of recurrent
genital herpes (Sacks, 1993). None of the 34 men
who received 250 mg of famciclovir twice daily for
18 weeks showed any clinically adverse effect on
the sperm parameters measured during the treat-
ment period and 8 weeks posttreatment. Famci-
clovir was well tolerated by all the study
participants.

Currently, over 300 patients with chronic HBV
infection are enrolled in an ongoing multicenter,
double-blind, randomized, placebo-controlled
trial to evaluate the safety and efficacy of famci-
clovir 125 mg, 250 mg and 500 mg three times
daily, compared to placebo (see footnote 1). Pa-
tients have completed 4 months of treatment and
an 8-month follow-up phase is ongoing. Safety
evaluations consist of monitoring adverse events
and laboratory tests, including liver function, li-
pase, amylase, and lactate. Reports of patients
receiving famciclovir for more than a year as
treatment for HBV infections post liver trans-
plant, indicate that famciclovir is well tolerated
(Angus et al., 1995). In addition a pharmacoki-
netic analysis, evaluating a single 500-mg dose of
famciclovir administered to 14 patients with
chronic hepatic disease showed that systemic
availability is comparable between the hepatic
patients and healthy subjects (Boike et al., 1994).

6. Resistance of VZV and HSV to famciclovir

Repeated or prolonged antiviral treatment of
patients who experience recurrent infections with
VZV or HSV may lead to drug resistance. The
majority of acyclovir-resistant VZV and HSV

strains are cross-resistant to penciclovir, but
cross-resistance is not universal and there are
documented acyclovir-resistant strains that are
susceptible to penciclovir (Boyd et al., 1993). Acy-
clovir and penciclovir are both inactive against
strains of viruses that lack thymidine kinase.
However, some mutant strains, where the viral
thymidine kinase has an altered ability to phos-
phorylate thymidine analogues, are resistant to
acyclovir but susceptible to penciclovir (Boyd et
al.,, 1993). A study of seven clinical isolates of
acyclovir-resistant VZV strains with altered
thymidine kinase phenotype identified one isolate
that was susceptible to penciclovir (Tallerico et
al., 1993). Safrin and Phan reported cross-resis-
tance in 23 clinical isolates of HSV; however,
foscarnet-resistant strains were susceptible to pen-
ciclovir (Safrin and Phan, 1993). Lack of total
cross-resistance between acyclovir and penciclovir
was also observed in five well-characterized HSV
mutant strains where the DNA polymerase
showed altered phenotype (Chiou et al., 1995).
These HSV mutants varied in their susceptibilities
to penciclovir: one exhibited 2-fold hypersensitiv-
ity, one showed marginal (1.3-fold) resistance, and
three showed only 3-fold resistance; however,
none of these strains were highly resistant to
penciclovir. Although these findings of low-grade
resistance to famciclovir suggest that cross-resis-
tance may not be clinically relevant in famciclovir
therapy, the effect of repeated and prolonged
treatment on potential cross-resistance remains
inconclusive.

7. Conclusion

Famciclovir is an effective and well-tolerated
oral antiviral agent for the treatment of acute
uncomplicated herpes zoster and recurrent genital
herpes. Results of one clinical trial showed that
famciclovir is as effective as acyclovir in accelerat-
ing the healing of acute zoster lesions and in relief
of acute pain. In a placebo-controlled trial, famci-
clovir was superior to placebo in shortening the
duration of viral shedding and accelerating lesion
resolution. More importantly, famciclovir was
proven effective in shortening the duration of
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PHN, particularly among elderly patients who are
at greatest risk of developing this common com-
plication of herpes zoster. Other studies showed
that famciclovir is proven effective in managing
recurrent genital herpes either with patient-ini-
tiated or clinic-initiated treatment within 6 h of
lesion onset and that it is effective in suppressing
genital herpes recurrence in patients who experi-
ence frequent episodes. Lastly, the use of famci-
clovir to suppress viral replication in patients with
chronic hepatitis B and in those experiencing
HBYV reinfection after liver transplantation is a
promising area of clinical investigation in which
there are currently very few options. Experience in
over 1,600 herpes zoster and genital herpes pa-
tients treated in clinical trials has shown that
famciclovir is well tolerated. Thus, available clini-
cal data indicate that famciclovir is a proven
effective agent in the treatment of herpes zoster
and recurrent genital herpes, and holds significant
promise in the treatment of chronic HBV and
hepatitis B reinfection after liver transplantation.

Acknowledgements

This work was supported by a grant from
SmithKline Beecham Pharmaceuticals.

References

Angus, P, Richards, M., Bowden, S., Ireton, J., Jones, R. and
Locarnini, S. Successful treatment of post liver transplant
recurrent hepatitis B. Presented at 34th Interscience Conf.
Antimicrobial Agents and Chemotherapy, Oct. 1994, Or-
lando, FL, USA.

Angus, P., Neuhaus, P., Manns, M.P. and the Famciclovir
Liver Transplant Group. An open study to assess the effect
of famciclovir on hepatitis B replication in patients who
have received an orthotopic liver transplant. Presented at
Liver Transplantation for Chronic Viral Hepatitis, Mar.
1995, Reston, VA, USA.

Bacon, T. and Schinazi, R. (1993) An overview of the further
evaluation of penciclovir against herpes simplex virus and
varicella-zoster virus in cell culture, highlighting contrasts
with acyclovir. Antiviral Chem. Chemother. 4 (Suppl. 1),
25-36.

Bebault, G.M., Wall, R.A., Rennie, B.A. and Sackc, S.L.
(1995) Penciclovir (PCV) triphosphate (PCVTP) and acy-
clovir (ACV) triphosphate (ACVTP) in a human schwan-

noma continuous cell line (SW) infected with varicella
zoster virus (VZV). Can. J. Infect. Dis. 6, 287c.

Boike, S., Pue, M., Audet, P.R,, et al. (1994) Pharmacokinetics
of famciclovir in subjects with chronic hepatic disease. J.
Clin. Pharmacol. 34, 1199-1207.

Boker, K.H.W., Ringe, B., Froger, M., Picelmayr, R. and
Manns, M.P. (1994) Prostaglandin E plus famciclovir—a
new concept for the treatment of severe hepatitis B after
liver transplantation. Transplantation 57, 1706—1708.

Boyd, M.R., Bacon, T.H., Sutton, D. and Cole, M. (1987)
Antiherpesvirus  activity of  9-(4-hydroxy-3-hydroxy-
methylbut-1-yl) guanine (BRL 39123) in cell culture. An-
timicrob. Agents Chemother. 31, 1238-1242.

Boyd, M.R., Boon, R.J., Fowles, S.E., et al. (1988) Some
biological properties of BRL 42810, a well-absorbed oral
prodrug of the anti-herpesvirus agent BRL 39123, Antivi-
ral Res. 9, 146.

Boyd, M.R., Safrin, S. and Kern, E.R. (1993) Penciclovir: a
review of spectrum of activity, selectivity, and cross-resis-
tance pattern. Antiviral Chem. Chemother. 4 (Suppl. 1),
3-11.

Chiou, H.C., Kumura, K., Hu, A., Kerns, K.M. and Coen,
D.M. (1995) Penciclovir-resistance mutations in the herpes
simplex virus DNA polymerase gene. Antiviral Chem.
Chemother. 6(5), 281-288.

Corey, L. (1994) The current trend in genital herpes. Progress
in prevention. Sex. Transm. Dis. 21 (Suppl. 2), 38-44.
Degreef, H. and the Famciclovir Herpes Zoster Clinical Study

Group. (1994) Famciclovir, a new oral anttherpes drug:
results of the first controlled clinical study demonstrating
its efficacy and safety in the treatment of uncomplicated
herpes zoster in immunocompetent patients. Int. J. Antimi-

crob. Agents 4, 241-246.

de Miranda, P. and Good, S.S. (1992) Species differences in
the metabolism and disposition of antiviral nucleoside
analogues: 1. Acyclovir. Antiviral Chem. Chemother. 3,
1-8.

de Moragas, J.M. and Kierland, R.R. (1957) The outcome of
patients with herpes zoster. Arch. Dermatol. 75, 193-196.

Earnshaw, D.L., Bacon, T.H., Darlison, S.J., Edmunds, K.,
Perkins, R.M. and Vere Hodge, R.A. (1992) Mode of
antiviral action of penciclovir in MRC-5 cells infected with
herpes simplex type 1 (HSV-1), HSV-2, and varicella-zoster
virus. Antimicrob. Agents Chemother. 36, 2747-2757.

Field, H.F., Tewari, D., Sutton, D. and Thackray, A.M.
(1995) Comparison of efficacies of famciclovir and valaci-
clovir against herpes simplex virus type 1 in a murine
immunosuppression model. Antimicrob. Agents
Chemother. 39, 1114-1119.

Hope-Simpson, R.E. (1965) The nature of herpes zoster: a
long-term study and a new hypothesis. Proc. R. Soc. Med.
58, 9-20.

Huff, J.B., Bean, B., Balfour, H.H., et al. (1988) Therapy of
herpes zoster with oral acyclovir. Am. J. Med. 85 (Suppl.
2A), 84-89.

lisley, D.D., Lee, S.H., Miller, W.H. and Kuchta, R.D. (1995)
Acyclic guanosine analogs inhibit DNA polymerases a, b



150 R. Cirelli et al. | Antiviral Research 29 (1996) 141151

and e with very different potencies and have unique mech-
anisms of action. Biochemistry 34, 2504-2510.

Korba, B. and Boyd, M.R. (1996) Peniciclouir is a selective
inhibitor of hepatitis B virus replication in cultured human
heptoblastoma cells. Antimicrob. Agents Chemother. (in
press).

Loeser, J.D. (1986) Herpes zoster and postherpetic neuralgia.
Pain 25, 149-164.

Main, J., Brown, J.L., Karayiannis, P., et al. (1994) A double-
blind, placebo-controlled study to assess the effect of famci-
clovir on virus replication in patients with chronic hepatitis
B infection. J. Hepatol. 21 (Suppl. 1), S32.

McKendrick, M.W., McGill, J.1., White, J.E. and Wood, M.J.
(1986) Oral acyclovir in acute herpes zoster. Br. Med. J. 293,
1529-1532.

Mertz, G.J., Loveless, M.O., Kraus, S.J., Tyring, S.K., Fowler,
S.L. and the Collaborative Famciclovir Genital Herpes
Research Group. Famciclovir for suppression of recurrent
genital herpes. Presented at 34th Interscience Cont. Antimi-
crobial Agents and Chemotherapy, Oct. 1994, Orlando, FL,
USA.

Mok, S.S., Shaw, T. and Locarnini, S. Preferential inhibition of
human hepatitis B virus (HBV) DNA polymerase by the
(R)-enantiomer of penciclovir triphosphate. Presented at
34th Interscience Conf. Antimicrobial Agents and
Chemotherapy, Oct. 1995, San Francisco, CA.

Mutchnick, M.G., Ehrinpreis, M.N., Kinzie, J.L. and Peleman,
R.R. (1994) Prospectives on the treatment of chronic hepati-
tis B and chronic hepatitis C with thymic peptides and
antiviral agents. Antiviral Res. 24, 245-257.

Portenoy, R.K., Duma, C. and Foley, K.M. (1986) Acute
herpetic and postherpetic neuralgia: clinical review and
current management. Ann. Neurol. 20, 651 -664.

Pue, M.A., Pratt, S.K., Fairless, A.J., et al. (1994) Linear
pharmacokinetics of penciclovir following oral administra-
tion of single oral doses of famciclovir 125, 250, 500 and 750
mg to healthy volunteers. J. Antimicrobiol. Chemother. 33,
119-127.

Sacks S.L. (1993) Famciclovir in the treatment of genital herpes
infection. Presented at 3rd Congr. European Academy of
Dermatology and Venereology, 1993, Copenhagen, Den-
mark.

Sacks, S.L., Aoki, F.Y., Diaz-Mitoma, F. and the Canadian
Cooperative Study Group. (1994a) Patient-initiated treat-
ment (Tx) of recurrent genital herpes (RGH) with oral
famciclovir (FCV): a Canadian, multicenter, placebo (PLB)-
controlled, dose-ranging study. Presented at 34th Inter-
science Conf. Antimicrobial Agents and Chemotherapy,
Oct. 1994, Orlando, FL, USA.

Sacks, S.L., Martel, A., Aoki, F., Shafran, S., St-Pierre, C. and
Lassondo, M. (1994b) Clinic-initiated treatment of recurrent
genital herpes using famciclovir: results of a Canadian,
multicenter study. Presented at the Int. Conf. Infectious
Diseases, Apr. 1994, Prague, Czechoslovakia.

Safrin, S. and Phan, L. (1993) In vitro activity of penciclovir
against clinical isolates of acyclovir-resistant and foscarnet-
resistant Herpes simplex virus. Antimicrob. Agents
Chemother. 37, 2241-2243.

Saltzman, R., Jurewicz, R. and Boon, R. (1994) Safety of
famciclovir in patients with herpes zoster and genital herpes.
Antimicrob. Agents Chemother. 38, 2454-2457.

Sasadeusz J.J. and Sacks, S.L. (1993) Systemic antivirals in
herpesvirus infections. Derm. Clin. 11, 171-185.

Shaw, T., Amor, P., Civitico, G., Boyd, M. and Locarnini, S.
(1994) In vitro activity of penciclovir, a novel purine
nucleoside, against duck hepatitis B virus. Antimicrob.
Agents Chemother. 38(4), 719-723.

Standring-Cox, R., Bacon, T.H., Howard, B., Gilbart, J. and
Boyd, M.R. (1994) Prolonged activity of penciclovir in cell
culture against varicella-zoster virus. Antiviral Res. 23
(Suppl. 1), 96.

Straus, S.E. (1993) Shingles: sorrows, salves, and solutions.
JAMA 269, 1836-1839.

Tallerico, C.L., Phelps, W. and Biron, K.K. (1993) Analysis of
the thymidine kinase genes from acyclovir-resistant mutants
of varicella-zoster virus isolates from patients with AIDS. ]
Virol. 67, 1024—1033.

Tsiquaye, K.N., Slomka, M.J. and Maung, M. (1994) Famci-
clovir against duck hepatitis B virus replication in hepatic
and nonhepatic tissues of ducklings infected in ovo. J. Med.
Virol. 42(3), 306-310.

Tyring, S., Barbarash, R.A., Nahlik, J.E., Cunningham, A.,
Marley, J., Heng, M., Jones, T., Rea, T., Boon, R., Saltz-
man, R. and the Collaborative Famciclovir Herpes Zoster
Study Group (1995) Famciclovir for the treatment of acute
herpes zoster: effects on acute disease and postherpetic
neuralgia. Ann. Intern. Med. 123(2), 89-96.

Vere Hodge, R.A. (1993) Famciclovir and penciclovir. The
mode of action of famciclovir including its conversion to
penciclovir. Antiviral Chem. Chemother. 4(2), 67-84.

Vere Hodge, R.A. and Perkins, R.M. (1989) Mode of action of
9-(4-hydroxy-3-hydroxymethylbut-1-yl)guanine (BRL
39123) against herpes simplex virus in MRC-5 cells. Antimi-
crob. Agents Chemother, 33, 223-229,

Vere Hodge, R.A. and Cheng, Y.-C. (1993) The mode of action
of penciclovir. Antiviral Chem. Chemother. 4 (Suppl. 1),
13-24.

Vere Hodge, R.A., Sutton, D., Boyd, M., Harnden, M.R. and
Jarvest, R.L. (1989) Selection of an oral prodrug (BRL
42810; famciclovir) for the antiherpesvirus agent BRL 39123
[9-(4-hydroxy-3-hydroxymethylbut-1-yl)guanine; penci-
clovir]. Antimicrob. Agents Chemother. 33, 1765-1773.

Vere Hodge, R.A., Darlison, S.J., Earnshaw, D.L. and Read-
shaw, S.A. (1993a) Use of isotopically chiral [4¢-
3C)penciclovir and *C NMR to determine the specificity
and absolute configuration of penciclovir phosphate esters
formed in HSV-1 and HSV-2-infected cells and by HSV-1-
encoded thymidine kinase. Chirality 5, 583-588.

Vere Hodge, R.A., Darlison, S.J. and Readshaw, S.A. (1993b)
Use of isotopically chiral [4¢-*C]famciclovir and *C NMR
to identify the chiral monoacetylated intermediates in the
conversion of famciclovir to penciclovir by human intestinal
wall extract. Chirality 5, 577-582.

Watson, P.N. and Evans, R.J. (1986) Postherpetic neuralgia: a
review. Arch. Neurol. 43, 836—840.

Weller, S., Blum, R., Doucette, M., et al. (1993) Pharmacokinet-
ics of the acyclovir pro-drug valaciclovir after escalating



R. Cirelli et al. | Antiviral Research 29 (1996) 141151 151

single and multiple-dose administration to normal volun-
teers. Clin. Pharmacol. Ther. 54, 595-605.

Whitley, R.J. (1994) Varicella-zoster virus infections. In: K.J.
Isselbacher, E. Braunwald, J.D. Wilson, J.B. Martin, A.S.
Fauci and D.L. Kasper (Eds), Harrison’s Principles of
Internal Medicine (13th edition), pp. 787-790. McGraw-
Hill, New York.

Wood, M.J., McKendrick, M.W. and McGill, J.I. (1987) Oral
acyclovir for acute herpes zoster infections in immune-
competent adults. Infection 15 (Suppl. 1), S9-S13.

Wood, M.J., Ogan, P.H., McKendrick, M.W., Care, C.D.,
McGill, J.I. and Webb, E.M. (1988) Efficacy of oral acy-
clovir treatment of acute herpes zoster. Am. J. Med. 85
(Suppl. 2A), 79-83.

Wood, M.J., Johnson, R.W., McKendrick, M.W., Taylor, J.,
Mandal, B.K. and Crooks, J. (1994) A randomized trial of
acyclovir for 7 days or 21 days with and without pred-
nisolone for treatment of acute herpes zoster. New Engl. J.
Med. 330, 896-900.

Zoulim F. and Seeger C. (1994) Reverse transcription in
Hepatitis B virus is primed by a tyrosine residue of the
polymerase. J. Virol. 68, 6—13.

Zoulim, F., Dannaoui, C. and Trepo, C. Inhibitory effect of
penciclovir on the priming of hepadnavirus reverse tran-
scription. Presented at 54th Interscience Conf. Antimicro-
bial Agents and Chemotherapy, Oct. 1995, San Francisco,
CA.



