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Summary

Ganciclovir is a nucleoside analogue with antiviral activity in vitro against members
of the herpes group and some other DNA viruses. It has demonstrated efficacy against
human cytomegalovirus infections and should be considered a first-line therapy in the
treatment of life- or sight-threatening cytomegalovirus infection in immunocompromised
patients. Clinical efficacy varies with the underlying aetiology ofimmunocompromise and
the site ofdisease. and prompt diagnosis and early treatment initiation appear to improve
the response. In patients with cytomegalovirus pneumonia. particularly bone ma rrow
transplant recipients. concomitant administration of cytomegalovirus immune globulin
may significantly improve clinical outcome. Maintenance therapy to prevent recurrence
is usually required by bone marrow transplant recipients until the recovery of adequate
immunefunction , whereas AIDS patient s may require indefinite ganciclovir maintenance
therapy to prevent disease progression. as ganciclovir (like other antivirals) does not erad
icate latent viral infection. Haematological effects occur relatively frequently during gan
ciciovir administration but are usually reversible. Ganciclovir has not been directly com
pared with other antiviral drugs because of the absence until recently of other effective
treatments. However. comparative studies with foscarnet, particularly in cytomegalovirus
retinitis. will be of considerable interest.

Thus. ganciclovir represents a major advance in the therapy ofsevere cytomegalovirus
infections in immunocompromised patients. Comparative studies. and investigation ofways
of reducing toxicity (intravitreal administration; concomitant use of stim ulants of hae
matopoiesis: use in conjunction with other antivirals with differing mechansisms ofaction).
may further expand its eventual role.

Ganciclovir exhibits in vitro activity against human cytomegalovirus and herpes sim
plex virus types I and 2, and to a lesser degree , Epstein-Barr virus, varicella zoster virus ,
human herpesvirus 6 and human adenoviruses. Although results vary depending on the
viral strain and methodological considerations, in general ganciclovir is considerably more
potent than aciclovir (acyclovir) against cytomegalovirus and tends to be more potent
against herpes simplex viruses. Studies of its activity against other viruses and compar
isons with other antiviral agents are limited, but ganciclovir is more active than many
other nucleoside analogues against cytomegalovirus, and appears to inhibit the produc
tive cycle but not the latent phase of Epstein-Barr virus in a manner similar to aciclovir.
Synergism of ganciclovir with interferons against human cytomegalovirus and with fos-
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carnet and interferons against herpes simplex viruses has been demonstrated in various
in vitro assays. The mechanism of action of ganciclovir involves highly selective inhi
bition of viral DNA replication as a result of enhanced uptake by infected cells, phos
phorylation by viral thymidine kinase and/or cellular kinase enzymes, and substrate spec
ificity for viral rather than cellular DNA polymerases.

Although an in vivo animal model of human cytomegalovirus infection has not been
developed, studies of cytomegalovirus infections in animals have demonstrated the anti 
viral efficacy of ganciclovir and indicate greater potency than aciclovir in pulmonary
infections. The beneficial effects of concomitant ganciclovir and cytomegalovirus anti
serum have also been demonstrated in encephalitis and disseminated infection in animal
studies. Models of pulmonary cytomegalovirus infection indicate that ganciclovir reduces
viral titres but not interstitial pneumonitis. Limited data from animal studies suggest
prophylactic ganciclovir may prevent cytomegalovirus infection. Ganciclovir was also
effective in in vivo models of various herpes simplex virus type I and 2 infections. How
ever, like aciclovir, ganciclovir was unable to eradicate established latent herpesvirus
infection .

Mutations in the viral DNA polymerase gene and/or the viral genes involved in gan
ciclovir monophosphorylation appear to mediate the development of ganciclovir resist
ance in cytomegalovirus and herpes simplex virus infections, and may also confer cross
resistance to other antiviral agents. The incidence and clinical significance of viral re
sistance to ganciclovir remains to be fully determined.

? Following intravenous administration, peak ganciclovir concentrations in plasma vary
in a linear fashion over the therapeutic dose range. With an 8-hourly dosage regimen,
steady-state plasma concentrations of about 9 to 45 /Lmol/L are observed over a dose
range of I to 5 mg/kg and are similar to those seen after equivalent single doses. Fur
thermore, no evidence of ganciclovir accumulation has been observed in patients with
normal renal function . Intrav itreal ganciclovir administration produces high concentra
tions in intravitreal fluid, apparently with minimal systemic absorption. The low bio
availability of oral ganciclovir may preclude the use of this administration route .

Ganciclovir concentrations in CSF were 31 to 67% of plasma concentrations reported
following intravenous administration, while subretinal fluid concentrations several hours
after an infusion of ganciclovir 5 mg/kg were similar to or exceeded plasma concentra
tions . Ganciclovir is only minimally bound to plasma proteins (I to 2%). The volume
of distribution at steady-state is about 33 to 45L. In patients with normal renal function
almost 100% of an intravenous ganciclovir dose is excreted in the urine with an elim
ination half-life of 2 to 4 hours. Ganciclovir clearance decreases linearly with decreasing
creatinine clearance, with elimination half-life increasing to 30 to 40 hours in severe renal
dysfunction; however, plasma ganciclovir concentrations are significantly reduced by
haemod ialysis. The half-life of ganciclovir in vitreous fluid following intravitreal admin
istration is about 13 hours.

Ganciclovir has been almost exclusively evaluated in immunocompromised patients
with cytomegalovirus infections, including retin itis, pneumonia, gastrointestinal, hepatic,
CNS and disseminated infections . Many patients have been treated under 'compassionate
plea' protocols , mainly because patients requiring ganciclovir therapy usually have life
or sight-threatening cytomegalovirus disease. Placebo-controlled and comparative stud ies
are reportedly underway. Ganciclovir has generally proved effective, although the degree
of response varies according to disease site and the underlying aetiology of irnrnunocom
promise, and efficacy is not well established in some indications (CNS infections). Patients
with cytomegalovirus pneumonia, part icularly bone marrow transplant recipients, may
develop fatal interstitial pneumonitis despite apparent virological cure, and concomitant
cytomegalovirus immune globulin adm inistration appears to considerably increase the
likelihood of a favourable therapeutic outcome in these patients. Prompt diagnosis and
early institution of ganciclovir therapy also appear to improve the response to therapy .
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Maintenance ganciclovir therapy is usually required by patients with acquired immune
deficiency syndrome (AIDS) and bone marrow transplant recipients to prevent cyto
megalovirus disease relapse since, as with other antiviral drugs , ganciclovir does not
eradicate latent viral infections. However, ganciclovir therapy may usually be withdrawn
in the latter group of patients as immune function recovers. Ganciclovir has been suc
cessfully used in a small number of children and in the elderly . Intravitreal ganciclovir
therapy appears effective in those AIDS patients with cytomegalovirus retinitis in whom
intravenous ganciclovir is likely to cause unacceptable toxicity (for example. patients
receiving zidovudine). However, it is not a substitute for systemic therapy as it is not
effective against the disseminated cytomegaloviral disease which is usually found in as
sociation with cytomegalovirus retinitis.

Adverse Effects Adverse effects requiring interruption or withdrawal of ganciclovir therapy occur in
about 32% of patients, although subsequent reintroduction of ganciclovir or use of a
reduced dosage regimen is often successful. Haematological changes are the most com
monly observed unwanted effects, particularly neutropenia (about 40% of patients) and
thrombocytopenia (about 20%), although these are usually reversible. Patients with AIDS
may be particularly susceptible to developing neutropenia during ganciclovir therapy.
Concomitant administration of granulocyte-macrophage colony-stimulating factor (GM
CSF) may serve to moderate the depressive effects of ganciclovir on granulocyte pro
duction. Inhibition of spermatogenesis and fertility has been observed in animal models
at ganciclovir doses lower than those recommended in humans, but this effect has not
been observed clinically. A variety of other adverse effects have been reported, although
their association with ganciclovir is often unclear as the underlying cause of immuno
compromise and concomitant medications and infections may be involved.

Drug Interactions Ganciclovir and zidovudine have overlapping toxicity profiles . and in general the use
of ganciclovir concurrently with drugs that inhibit the replication of rapidly dividing cell
populations or alter renal function should be approached with caution. In addition. seiz
ures may be associated with the concomitant use of ganciclovir and imipenern/cilastatin.

Dosage and Administration Currently, ganciclovir is recommended for use only in immunocompromised patients
with life- or sight-threatening cytomegalovirus disease. In patients with normal renal
function ganciclovir should be administered as a l-hour intravenous infusion at a dosage
of 2.5 mg/kg 8-hourly or 5 rng/kg 12-hourly for 14 to 21 days. Maintenance therapy to
prevent recurrences is usually required in patients with AIDS or in bone marrow trans
plant recipients. A maintenance regimen of 5 rug/kg/day. or 6 rug/kg/day 5 days/week
is recommended. with patients experiencing progressive cytomegalovirus disease during
maintenance being retreated with the induction regimen. Ganciclovir dosage should be
reduced in patients with impaired renal function (table X, section 7).

1. Antiviral Activity

Ganciclovir, an acyclic analogue of the natural
nucleoside 2'-deoxyguanosine (fig. I), selectively
inhibits replication of members of the Herpesviri
dae family and also exhibits some activity against
other DNA viruses. The antiviral activity of this
aciclovir (acyclovir) congener has been evaluated
in vitro and in animal models. Aspects of the
mechanism of action of ganciclovir , possible syn-

ergism of ganciclovir in combination with other
antiviral agents, immunoglobins and interferons,
and the mechanism of viral resistance to ganciclo
vir have been evaluated in more recent studies.

1.1 Antiviral Activity In Vitro

The in vitro antiviral activity of ganciclovir
against human cytomegalovirus and herpes sim
plex virus has been extensively evaluated. In vitro
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Fig. 1. Chemical structure of the acyclic nucleosides ganciclovir and aciclovir, and their purine nucleoside analogue 2'·deoxy
guanosine. Synonyms for ganciclovir include 9-{[2-hyd"roxy-I-(hydroxymethyllethoxy)methyl} guanine. 9-(l ,3-dihydroxy-2
propoxymcthyljguanine, BW 759U , DHPG, 2'NDG, BIOLF-62.

studies have also indicated that ganciclovir has
some activity against varicella zoster virus and Ep
stein-Barr virus infections and some studies have
found useful activity against human adenoviruses
and .human herpesvirus 6. In vitro susceptibility
testing is an important method of determining the
antiviral spectrum of activity of a potential ther
apeutic agent initially, but information obtained
from in vitro studies does not always correlate with
clinical efficacy. The therapeutic ratio of a poten
tial agent is of considerably greater clinical rele
vance than 50% viral inhibition results as it pro
vides a better indication of the potential in vivo
usefulness of the drug. Furthermore, marked vari
ation in the susceptibility of viruses to ganciclovir
(and other antiviral agents) may be observed ac
cording to the virus strain, host cell type and assay
method used (see tables I, II & III), and as yet the
method for determining in vitro susceptibility to
ganciclovir does not appear to have been standar
dised. The host immune response is also an im
portant variable that is absent in in vitro suscep
tibility testing (Fraser-Smith et al. 1984a; Pulliam
et al. 1986). However, in vitro testing does provide
an initial guide to possible in vivo efficacy.

1.1.1 Human Cytomegalovirus
As an illustration of the difficulty and variabil 

ity of in vitro study of antiviral activity, an early
study using human cytomegalovirus immediate
early antigen expression as a measure of antiviral
activity failed to show any significant ganciclovir

activity (Smith et al. 1982a). However, subsequent
studies confirmed the activity of ganciclovir against
human cytomegalovirus in vitro (table I), and re
vealed that infectious virus production and DNA
synthesis were markedly reduced at low ganciclo
vir concentrations. The effects on viral protein
synthesis (and therefore early antigen expression)
were minimal in comparison at these concentra
tions (section 1.3; Mar et al. 1983; Rasmussen et
al. 1984).

Most studies reported ganciclovir concentra
tions of 0.5 to 3.0 ~mol/L as achieving 50% inhi
bition (1050) of viral plaque formation , DNA syn
thesis or yield (table I). This is in contrast to
aciclovir, which has proved relatively inactive in
vitro against human cytomegalovirus with ID50
values from around 10 ~mol/L to more than 200
~mol/L (Gadler 1983). As previously reviewed in
the Journal (O'Brien & Campoli-Richards 1989;
Richards et al. 1983)and reported by Gadler (1983),
ganciclovir appears to be more potent in vitro than
vidarabine, foscarnet, idoxuridine and trifluridine
against human cytomegalovirus.

1.1.2 Herpes Simplex Virus Types 1 and 2
Herpes simplex virus type I strains appear to

be more susceptible to ganciclovir in vitro than type
2 strains, although there is a considerable overlap
in the range of reported concentrations achieving
50% inhibition (1050) of viral plaque formation or
virus-induced cytopathogenicity (table II). In most
studies ganciclovir 0.2 to 2.0 ~mol/L for herpes
simplex virus type I strains and 0.3 to 10 ~mol/L
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Table I. Summary of the in vitro activity of ganciclovir and aciclovir against human cytomegalovirus (HCMV)

Reference Cell cultures Viral assay method Virus (strain) Concentration achieving
50% inhibitionb (ltmol/L)

ganciclo vir aciclovir

Biron et al. (1985) MRC-5. HFF Plaque reduction HCMV (AD169) 1.7 108
HCMV (Wade) 0.8 54

Biron et al. (1986) HFF Plaque reduct ion HCMV (AD169) 1 190
Cheng et al. (1983b) WI-38 Plaque reduct ion HCMV 1.0-4.8 75-98
Cole & Balfour (1987) HFF Plaque reduction HCMV (AD169) 3.1 60.5

HCMV 0.94-6.31 20.7-126.2
Dankner & Spector DNA hybridisation HCMV 2.9
(1988)
Duke et al. (1986) MRC-5 Plaque reduct ion HCMV (AD169) 4.5

HCMV (Davis) 4.9
Field et al. (1983) MRC-5 Plaque reduct ion HCMV (AD169) 1.6-6.3 110

HCMV (Towne) 0.4-2.4 10-80
Freitas et al. (1985) MRC-5. HET Plaque reduction HCMV (AD169) 7. 7 95. 55

HCMV (Davis) 7. 5 64. 39
Mar et al. (1983) WI-38 Plaque reduction HCMV 1.0-4.8
Plotk in et al. (1985) HEL Plaque reduct ion HCMV (AD169) 1-2

HCMV 0.4-11
Rasmussen et al. (1984) HEL Yield reduct ion HCMV 0.01-1.0
Rush & Mills (1987) HFF Plaque reduct ion HCMV (AD169) 0.43 100

HCMV 0.08-0.6 60-~100

Smee et al. (1983b) MRC-5 Plaque reduction HCMV (AD169) 7 95
Smith et al. (1982a) HEF Antigen express ion HCMV (AD169) >400
Taylor et al. (1988) HEF Plaque reduction HCMV (Towne) 0.5-1.2

HCMV (Kerr) 0.6
Tocc i et al. (1984) MRC-5. HEL Plaque reduction HCMV 0.94-5.9 36-135
Tolman et al. (1985) MRC-5 Plaque reduct ion HCMV (AD169) 3 10
Tyms et al. (1984) HEF Plaque reduct ion HCMV 0.55-3.9 20-91

a MRC-5. HEL = human embryo lung cells ; HFF = human foreskin fibroblasts ; WI-38 = human fibroblas ts; HET = human embryo
tons il cells ; HEF = human embryo fibroblasts.

b Results reported in mg/L were converted to Itmol/L. Results were reported as 1050 or EDso values =drug concent ration inhibiting
viral plaques . DNA synthesis. antigen expression or virus- induced cytopathogenicity by 50%.

for type 2 strains has ach ieved 50% vi ral inhibi
tion.

GancicIovir tends to be more potent in vitro than
acicIovir against herpes simplex vi rus types I and
2, and is more potent than foscarne t or vidarabine
agains t type I (ta ble II); it is also more potent than
phosphonoacetic acid (PAA), aphidicol in , idoxu
rid ine and triflurid ine against type I strains (Lar
der & Darby 1986). Lim ited comparat ive data sug
gest bromovinyl deo xyur idine (BVDU) is mo re
pot ent tha n gancicIovir aga inst type I strains but

less potent against type 2 strains. Th e potency of
2'-fluoro-5-iodoarabinosylcytosine (HAC) and 2'
fluoro-2' -deo xy-5-methyl-arabinofuranosyluracil
(FMAU) in vitro was similar to that of gancicIovir
but both agents exhibited cytotox icity at relat ively
low conce ntratio ns (Smee et al. 1985b). In vitro
reacti vation of laten t herpes simplex vir us type I
in trigem ina l gangl ia was prevented by ganc icIovi r
32 mg/L (126 JLmo lfL) and reduced by 50% by 0.125
(0 .5 JLmolfL) and 0.5 mg/L (2.0 umcl/ L) [Klein &
Friedrnan-Kien 1985].
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1.1.3 Other Human DNA Viruses
A few studies also investigated the in vitro an

tiviral activity of ganciclovir against varicella zos
ter virus, Epstein-Barr virus, human herpesvirus 6
and human adenovirus infections (table III). Gan
ciclovir achieves 50% inhibition of varicella zoster
virus at concentrations similar to, or slightly higher
than, those required for aciclovir or vidarabine,
while limited data suggest BVDU and FIAC are
considerably more potent and foscarnet has similar
or slightly reduced potency compared with ganci
clovir (O'Brien & Campoli-Richards 1989).

Ganciclovir showed considerably greater po
tency against Epstein-Barr virus than did aciclovir,
inhibiting the transformation of human cord
lymphocytes to Iymphoblastoid phenotype and in
hibiting genome replication in P3HR-1 cells and
superinfected Raji cells at concentrations of 0.05
to 20 Ilmol/L (table III; Lin et at. 1984; van der
Horst et at. 1987). However, antigen expression was
not significantly affected at these concentrations and
replication of episomal Epstein-Barr virus, which
does not require a virus-encoded DNA polymer
ase, was not inhibited in latently infected Raji cells
by either drug (Lin et at. 1984; van der Horst et
at. 1987). The effects of ganciclovir on active Ep
stein-Barr virus replication were prolonged com
pared with the effects of aciclovir, persisting for 21
days compared with II days following removal of
the drug (Lin et at. 1984). Results from I study
suggested FIAC mid FMAU had a greater activity
against Epstein-Barr virus than ganciclovir in vitro,
but also exhibited considerably greater cytotoxicity
(Lin et at. 1985).

Human adenoviruses are another group of DNA
viruses that have shown limited in vitro suscepti
bility to ganciclovir . Although ID50 values for the
different adenovirus serotypes were up to 4Q-fold
greater than those reported for human cytomega
lovirus in vitro, for those adenoviruses in sub
genus D the ID50 values were similar to those re
ported for human cytomegalovirus whereas other
genotypes appeared less susceptible (Taylor et at.
1988).

603

1.1.4 Activity in Combination With Other
Antiviral Agents
Combination therapy with agents exhibiting

synergistic antiviral effects offers several potential
advantages, including enhanced activity against the
pathogen at drug concentrations that are better tol
erated and more easily achieved in vivo, and re
duced frequency of emergence of resistant strains ,
particularly when drugs with differing modes of ac
tion are utilised (Moran et at. 1985; Smith et at.
I982b). In vitro studies evaluating the potential
synergistic effects of ganciclovir in combination
with other antiviral agents are limited and meth
ods evaluating the nature of the interaction (that
is, synergistic, additive or antagonistic) remain to
be standardised. However, several drug combina
tions have demonstrated potentially useful results.

Human Cytomegalovirus .
Combinations of ganciclovir and other antiviral

agents have synergistic antiviral effects against hu
man cytomegalovirus in vitro. In human embryo
lung cells ganciclovir 0.0 I Ilmol/L, 0.1 J.Lmol/L or
1.0 Ilmol/L acted synergistically with recombinant
human interferon-s IOUor 30U against human cy
tomegalovirus (AD169) in plaque reduction assays,
with synergism being dose-proportional in this
concentration range. Ganciclovir also acted sy
nergistically in combination with recombinant hu
man interferon-d ser-17 IOU at these concentra
tions but other ' dosage combinations exhibited
additive effects. In combination with ganciclovir,
recombinant human interferon-a or recombinant
human interferon-a D showed only additive anti
viral effects (Rasmussen et at. 1984). In human fo
reskin fibroblasts ganciclovir 0.025 Ilmol/L, 0.25
Ilmol/L or 2.5 Ilmol/L exhibited synergistic anti
viral effects in combination with the polyamine
synthesis inhibitor a-difluoromethylornithine
(DFMO) 5 mrnol/L or 22 mmol/L against 5 clinical
human cytomegalovirus isolates, particularly when
assayed by yield reduction. The effects of DFMO
alone on human cytomegalovirus were inconsist
ent in this study (Rush & 'Mills 1987), but this agent
shows low toxicity in humans and may be clinic
ally useful in combination with ganciclovir . DNA
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in u, hybridisation assay of 5 human cytomegalovirus1ii 2
~ '" ';; clinical isolates revealed limited synergy between:0
d> e 0 zidovudine and ganciclovir with ganciclov ir hav-.00 -= '"Q)

ing an 1050 of 4.2 JlmolfL alone and 3.0 JlmolfLc: :J
:i: CT

'" '" in combination with zidovudine 12 JlmolfL. Com-~ a.
,g

~ bination of ganciclovir with ribavirin or dideoxy-c: 's
'" Ol cytidine did not show increased activity comparedE
:J c:
.c~:B - with ganciclovir alone (Dankner & Spector 1988).
II 8 ~
u.. '0 ,-

Herpes Simplex Virus Types I and 2u. .- c
:I: g 0
• ~ U') :;:.

In human embryo fibroblasts a combination of'" '" '"= :0 :=
B s ~ ganciclovir 1.2 mg/L (4.7 JlmolfL) with phosphon-
>oc. 0

~ ~ 5 oacetic acid 250 mg/L (1500 JlmolfL) had a syn-'0 _ 0

ergistic antiviral effect on herpes simplex virus type32 c: OJ

S E~ 1 (Patton), reducing virus titre by over 50-fold moreE.E II
N '" '0 '" than what would be expected if their effects were.c: G> Q)

>-o~ additive; ganciclovir 0.7 mg/L (2.7 JlmolfL) inJ:2.Q;l as
ca C >

combination with foscamet 90 mg/L (450 JlmolfL).c "j" 0

- '" Inc :J W
reduced virus titre by more than 200-fold com-'7 *'5 f;N

cD 'U) l:::: "- pared with their calculated add itive effects. Similar,}, cD '7 Q) '" 0
0 M O 'r CD 0 effects were observed against clinical isolates of:J c: In

0 '- 0
>.!w herpes simplex virus type 2 in vitro, with ganciclo-co ~ 6

0
IIWCS vir 2.0 mg/L (7.8 JlmolfL) in combination with
:.: II -

phosphonoacetic acid 76 to 90 mg/L (450 to 600"'! <9 :I: _ (/)- r-, [D , '"
"'! M N

cD _
, et 'O JlmolfL) producing a '20- to 70-fold reduction in0 0 "":0 :J :I: CD

[DMt:
, . Q. ° virus titre compared with the calculated additive
~Jg~ effect, and ganciclovir 0.7 mg/L (2.7 Jlmol/L) or 30Ul ~ e e

fJi t: G> Ol CD mg/L (l18 JlmolfL) in combination with foscamet:J
~ § ==~ ~ . - - f/) 80 rng/L (400 JlmolfL) producing over a 4000-fold

~ ~
N NN .:.:: 0 ~

> » >o>o:J
and a 55-fold reduction in viral titre of 2 clinicalG> ~ '"

C/l C/l C/l C/lC/l .>< .0 Q)

:I: :I: :I: :I::I: c: E et Q)
isolates, respectively, compared with the calculated° CD , e

~
E c: ~ :.:

additive effects (Smith et al. 1982b). However,c: c: c: c: c: co 15 0
. '0 0 0 o 0 Q) E E :E'c U U uu e .E :t

~ combinations ofganciclovir with BVDU , aciclovirG> :J :J :J :J Ol 0Ol '0 '0 '0'0 II II - ~0 e ~ ~ ~ or vidarabine against herpes simplex virus types Is: ou;>"g c:
a; Q) <ll G> G> ~()t: 13

or 2 in vitro showed additive or only limited syn-c. :J :J :J :J <ll et <ll :E iii
° CT CT CTCT > :E > • G>s, '" '" '" '" ergistic effects (Moran et al. 1985; Smith et al.o a: a: a: a: en . ~ a 0 en ~

~ ~O d'ai=
1982b).o ~ ~ .:5 0 ~

>':00)>.0(1)
The interferons have also been evaluated for~e;:.oi35

"?
~@ ~:5~ '~ synergy with ganciclovir in in vitro models ofherpeso O'J ._ VJ >

u.. e u.. lElli 15~E~ ,sc: simplex virus infection. In human foreskin fibro-u, G> W .o.oC:8' ~ '-
:I: > :I: :E:I: "'E '- -'0

'- "C.c:tnQ) blasts a combination ofganciclovir 0.01 mg/L (0.04~<ll<lla;>o E
M ~:;:- s s s s e s JlmolfL) with recombinant human interferon-a ACD CD CD EE~ga; 't:al alal- .~ Q) >. .... Q)- - a..E '- ~ .8 a. 22 U/rnl provided 50% inhibition of cytopatho-~ cij- cijeij0; 1l1l~Q) S~

genicity caused by herpes simplex virus type I (E-m - -.0 __ ~LL~g5~
~ii)::C;~ .~ : etW<ll'Oo",

377), whereas when used alone recombinant hu-l...coQ)::g :!:co8 e Q.:I:et ,Su..<
OalEalEalo>o

man interferon-a A 210 Uzrnl or ganciclovir 0.07~ :=. en ~ en ::. I- .- '" .0 o '0
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Table III. Summary of the in vitro activity of ganciclovir and aciclovir against Epstein-Barr virus (EBV), varicella zoster virus (VZV),

human herpesvirus 6 (HHV-6), adenovirus (AdV) and vaccinia virus

Reference Cell culture 3 Viral assay method Virus (strain) Concentration achieving 50%
inhibitionb (pmol/L)

Agut et al. (1989);
Russler et al. (1989)C

Collins & Oliver (1985)
Field et al. (1983)

Lin et al. (1984, 1985);
Pagano et al. (1983)d
Smith et al. (1982a)

Taylor et al. (1988)
Tolman et al. (1985)

ganciclovir

PMN Immunofluorescence/ HHV-6 1.1
DNA hybridisation
Cytopathogenicity 2-3.8

MRC-5 Plaque reduction VZV (Fortier) 3.71

HCL Transformation inhibition EBV 4.5-22.3
MRC-5 Plaque reduction VZV (KMcC) 4.5-9
PRK Plaque reduction Vaccinia >450
P3HR-1 Genome replication EBV 0.05

HR, K(33) Antigen expression EBV 125
HEF Plaque reduction VZV (32) 51

KB Antigen expression AdV2 71
HEF Cytopathogenicity Vaccinia >450
HEF Plaque reduction Adve 4.5-33

MRC-5 Plaque reduct ion VZV (KMcC) 10-20

GM AdV2 180

MRC-5 Vaccinia 180-360

aciclovir

18-45

100
2.09
>50-500
5-10

>500
0.3

20-40

>400

a MRC-5, =human embryo lung cells; HEF =human embryo fibroblasts; PMN =peripheral blood mononuclear cells; HCL =human
cord lymphocytes ; PRK = primary rabbit kidney cells; P3HR-1 = Epstein-Barr virus-infected human Iymphoblastoid cells;
KB = human nasopharyngeal carcinoma cells; GM = green monkey cells.

b Results reported in mg/L were converted to "mol/L. Results were reported as 1050 or EOsovalues = drug concentration inhibiting
viral plaques. DNA synthesis , transformation, antigen express ion or virus-induced cytopathogenic ity by 50%.

c In these studies the 1050 for foscarnet was 8.7 "mol/L.
d In these studies the 1050 values for bromovinyldeoxyuridine and 2'-fluoro-5-iodoarabinosylcytosine were 0.06 and 0.005 "mol/L,

respect ively.
e 5 genotypes including 12 serotypes.

mg/L (0.27 ~mol/L) were required to achieve sim
ilar effects. Similar results were observed in herpes
simplex virus type 2 (MS) infection where recom
binant human interferon-a A 43 Dim I in combin
ation with ganciclovir 0.03 mg/L (0.12 ~mol/L) re
sulted in 50% viral inhibition compared with 940
Ll/rnl or 0.3 mg/L (1.2 ~mol/L), respectively, of
each agent alone (Moran et al. 1985). Another study
indicated that ganciclovir in combination with in
terferon-a or -(3 resulted in a 40- to lOO-fold re
duction in herpes simplex virus type 2 yield,
whereas a combination with interferon-s produced
a 3-fold reduction in viral yield in vitro (Fraser
Smith et al. I984a). A study evaluating herpes sim-

plex virus type 2 (G) infection in human embryo
tonsil cells found that maximum synergistic anti
viral effects with ganciclovir 0.007 mg/L (0.027
~moI/L) occurred at a concentration of 200 Urrnl
for recombinant human interferon-at . -a2 , -(3 ser
17 or -')', with 80-, 35-, 350- and 2.5-fold inhibition
of virus, respectively, compared with the calcu
lated additive effects. Ganciclovir in combination
with recombinant human interferon-{3 ser-17 al
most completely eliminated infectious virus pro
duction. Ganciclovir exhibited up to 5-fold greater
synergism with interferons than did aciclovir
and it was suggested this may in part explain
the greater in vivo efficacy of ganciclovir compared
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with aciclovir (section 1.2; Eppstein & Marsh
1984).

1.2 Antiviral Activity In Vivo

Animal models of herpes simplex virus type I
or 2 infections are well established and ganciclovir
has been evaluated in a variety of in vivo situa
tions. However, an in vivo model of human cyto
megalovirus infection has not been developed and
results of ganciclovir treatment in other cytome
galovirus infections in animals are of limited use
fulness in predicting the clinical efficacy against the
corresponding human infections, particularly as
some of these viruses encode a thymidine kinase
(section 1.3). Indeed, for many viral infections re
sults of in vivo studies in animals are of limited
predictive value for the antiviral efficacy ofan agent
in humans, with the therapeutic outcome being in
fluenced by animal species, virus strain, inoculum
size, drug dose and administration route, and the
time lag between infection and initiation of anti
viral therapy. In many studies therapy is withheld
for several days or until symptoms of viral infec
tion appear in an attempt to more closely model
the clinical situation. These variables also make in
terstudy comparisons difficult.

The effects of ganciclovir on establishment and
maintenance of viral latency have also been in
vestigated in a few studies - although currently
available antiviral agents cannot prevent establish
ment of latent viral infection in neuronal ganglia,
by limiting infectious virion production they may
reduce acute ganglionic infection, and inhibit virus
migration to the brain and subsequent encephali
tis, thereby improving overall survival (Katzen
stein et al. 1986).

1.2. I Cytomegalovirus Infections

Encephalitis and Disseminated Infection
In acute lethal murine cytomegaloviral infec

tions ganciclovir 10 to 100 rug/kg/day by various
routes of administration reduced mortality, as did
aciclovir 25 rug/kg (Duke et al. 1986; Freitas et al.
1985; Kern et al. 1984).
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Subcutaneous or intraperitoneal ganciclovir 100
mg/kg/day from 24 hours after infection prevented
clinical disease but delay of treatment initiation to
48 or 72 hours resulted in a progressive increase
in mortality (Katzenstein et al. 1986). In immu
nosuppressed mice higher ganciclovir dosages were
required to increase survival compared with im
munocompetent animals. A combination of gan
ciclovir with murine cytomegalovirus antiserum
was more effective than either agent alone ( Rubin
et al. 1989; Wilson et al. 1987). Ganciclovir has
also shown efficacy in the treatment ofacute guinea
pig cytomegalovirus infection (Fong et al. 1987).
Ganciclovir did not appear to prevent establish
ment of latent murine cytomegalovirus infection
and did not reduce viral titres in the liver, heart
or salivary glands following reactivation (Wilson et
al. 1987).

Pulmonary Infections
Interstitial pneumonitis associated with cyto

megalovirus infection is believed to have an im
munological component (Grundy et al. 1987).
However, studies in mice have provided some in
dication that antiviral therapy with ganciclovir may
be beneficial (Debs et al. 1988; Shanley et al. 1985,
1988). In these murine models systemic or aero
solised ganciclovir produced dose-proportional re
ductions in viral titres in lung tissue and salivary
glands (systemic administration only), and was
more potent than aciclovir. However, neither gan
ciclovir nor aciclovir prevented development of
pneumonitis .

Cytomegalovirus Prophylaxis
Limited data suggest prophylactic ganciclovir

therapy may prevent cytomegalovirus infection.
Intrathecal cytomegalovirus inoculation of guinea
pigs produces cochlear inflammation and hearing
loss similar to the sensorineural hearing loss ob
served after congenital human cytomegalovirus in
fection . Animals receiving intraperitoneal ganci
clovir 100 mg/kg twice daily for 9 days from I day
before infection showed normal cochlear and brain
morphology and normal cochlear pathophysiology
compared with uninfected guinea-pigs. Infected
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animals not receiving ganciclovir showed acute la
byrinthitis, meningitis and a mean increase of 17
decibels in the auditory nerve compound action
potential threshold. However, it was not estab
lished whether ganciclovir prevented or only sup
pressed infection during active treatment (Woolfet
al. 1988).

1.2.2 Herpes Simp/ex Virus Types 1 and 2

Encephalitis and Disseminated Infections
Ganciclovir has shown considerable efficacy in

murine models of herpes simplex virus encepha
litis following oral, subcutaneous or intraperitoneal
administration, with lower doses (0.8 rug/kg/day
or more) increasing mean survival time and higher
dosages (50 rug/kg/day) increasing survival to 100%
(Ashton et al. 1982; Collins & Oliver 1985; Field
et al. 1983, 1984; Kern et al. 1984; Smee et al.
1985b). Treatment may be delayed to up to 96
hours postinfection while maintaining a significant
decrease in mortality at higher dosages, but early
institution of therapy reduces morbidity and in
creases survival (Field et al. 1984;Kern et al. 1984).
In general, effective ganciclovir dosages in type 2
infections are about 3- to 10-fold higher than those
producing a significant effect in type 1 infections
(Ashton et al. 1982; Collins & Oliver 1985; Field
et al. 1983, 1984; Kern et al. 1984; Smee et al.
1985b). Ganciclovir therapy of herpes simplex vi
rus type 1 encephalitis did not appear to prevent
establishment of latent viral infection, with most
animals having latent virus in the trigeminal gan
glia following recovery from acute infection after
ganciclovir or aciclovir therapy (Field et al. 1984).

FMAU has shown efficacy similar to that of
ganciclovir in both type I and type 2 encephalitis
(Smee et al. 1985b) but aciclovir, FIAC, BVDU,
foscarnet and vidarabine, where evaluated, were
markedly less effective at similar dosages (Ashton
et al. 1982; Collins & Oliver 1985; Field et al. 1983,
1984; Smee et al. 1983, I985{»).

In mice with systemic herpes simplex virus type
2 infection, the synergistic antiviral effects of gan
ciclovir in combination with recombinant human
interferon-a or recombinant human interferon-S
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were similar to those observed in vitro, with about
a lO-fold reduction in the 50%effectivedose (EDso)
of each agent. However, recombinant murine in
terferon-v was considerably more potent in com
bination with ganciclovir in vivo compared with
interferon-a or -13, or with in vitro results, suggest
ing host antiviral responses may be potentiated by
this combination (section 1.1.4; Fraser-Smith et al.
1984a,b, 1985).

Genital Infections
Limited data from in vivo studies of herpes sim

plex virus type 2 vaginal infection in mice and
guinea-pigs suggest that systemically or topically
administered ganciclovir is effective in both pri
mary and recrudescent infections and is more po
tent than aciclovir in these models (Field et al. 1983;
Smee et al. 1983, 1985b). In a guinea-pig model
there was some evidence that immediate institu
tion of ganciclovir therapy after primary infection
may partially inhibit establishment of ganglionic
latency, but ganciclovir was not effective in erad
icating latent viral infection (Fraser-Smith et al.
1983).

Ocular Infections
Studies in New Zealand white rabbits indicate

that topical ganciclovir ointment of at least 0.1%
concentration 3 times daily, or eye drop solution
of at least 0.06% concentration 5 times daily, sig
nificantly decreases the duration of viral shedding,
corneal epithelial involvement, and clouding, con
junctivitis and iritis, compared with placebo in eyes
infected with herpes simplex virus type I when
treatment is given from 3 days after infection
(Davies et al. 1987; Smith et al. 1984; Trousdale
et al. 1984). However, viral colonisation of the tri
geminal ganglia was not prevented. Treatment from
1 hour postinfection did prevent the establishment
of latency but this finding does not parallel the
clinical situation (Trousdale et al. 1984).

Evaluation of ganciclovir 1OO~g as an
ophthalmic insert dissolving in 1 hour, and ad
ministered for 4 days from 3 days postinfection,
indicated that lesion development was reduced
compared with placebo and stromal clouding was
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prevented, while no signs of irritation were noted
in uninfected treated eyes. Ganciclovir eye drops
were 6.4-fold more potent than aciclovir eye drops
in herpes simplex virus type I ophthalmic infec
tions with aciclovir 3% having an efficacy similar
to that of trifluridine I% (Davies et al. 1987). Top
ical ganciclovir ointment 0.3% 5 times daily or 1%
3 times daily were of greater or equivalent efficacy,
respectively, compared with aciclovir 3% 3 times
daily and better than idoxuridine 0.5% ointment
(Shiota et al. 1987; Trousdale et al. 1984).

Orofacial Infections
In hairless immunocompetent mice with a sub

lethal localised herpes simplex virus type I infec
tion induc ed by inoculation onto snout abrasions,
inflammation is observed by day 5, followed by
vesicle format ion. Oral ganciclovir was found to be
6.9-fold more potent than oral aciclovir in this
model and showed efficacy when treatment was
delayed for up to 72 hours after infection , whereas
aciclovir was only effective if treatment was begun
3 hours after infection (Davies et al. 1983, 1984;
Field et al. 1983). Virus reactivat ion stud ies in tri
geminal ganglia explants ind icated oral ganciclovir
12.5 rug/kg/d ay provided some protection against
latent infection when begun as late as 24 hours after
viral inoculation (Davies et al. 1984). Topical gan
ciclovir also significantly reduced lesion severity in
a dose-proportional and time-proportional manner
if treatment was delayed for up to 72 hours after
infection , with a 5% cream twice daily for 4 days
from 24 hours postinfection completely preventing
skin lesions. The frequenc y of latent ganglionic in
fection was reduced by this regimen and also by
ganciclovir as a I% solution given as II treatments
over 3 days from 24 hours postinfection (Davies
et al. 1984; Klein & Friedman-Kien 1985). Top ical
ganciclovir 5% cream twice daily for 4 days from
6 hours after infection prevented the establishment
of latent ganglionic infection (Klein & Friedman
Kien 1985).

1.3 Mechanism of Action

Intracellular phosphorylation of ganciclovir to
the triphosphate der ivat ive, which acts as a com
petiti ve inhib itor of deoxyguanosine triphosphate
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Deoxynucleosides

l
GanciclOVir!lViraJ thymidinekinase (HSV, VZV) or

G virus-induced cellulardeoxyguanosine
OH1)0-J kinases (CMV, EBV, AdV?, HBV?, HHV-6)

OH Ganciclovir monophosphate

1~-~~~
Ganciclovir diphosphate

G 1Cellularenzyme(s); e.g. phospho-
p-p-p_O ° I glycerate kinase, pyruvate kinase,

"\) '-I nucleoside diphosphate kinase

OH
Ganciclovir triphosphate

l~~~Deoxynucleotide
triphosphates ~ DNA/Ganciclovir monophosphate

-- ~ UDNA)(dATP, dCTP, V' aJ DNA
dGTP TIP) Ir .

, polymerase

Fig. 2. Gan ciclovir inhibition of viral DNA synthesis. Gan
ciclovi r competes with deoxynucleosides for viral thymid ine
kinase or cellular kinases. In addi tion to competitively in
hib iting the associat ion of deoxynucleoside triph osphates with
vira l DNA polymerase. ganciclovir triphosphate is incorpo
rated into the growing viral DNA chain, markedly redu cing
the rate of DNA synthesis (adapted from O' Brien & Cam
pol i-Richard s 1989). Abbreviations: HSV = herpes simplex
virus ; VZV = varicella zoster virus; CMV = cyto megalo
virus; EBV = Epstein-Barr virus ; AdV = adeno virus ;
HBV = hepat itis B viru s; HHV-6 = human herpesvirus 6;
G = guanosine group; P = phosphate group .

thus inhibiting viral DNA synthesis, is required for
antiviral activity (fig. 2; Cheng et al. 1983a; Field
et al. 1983). In cells infected with herpes simplex
or varicella zoster virus the mechanism of phos
phorylation appears to be similar to that described
for aciclovir (Biron et al. 1985; Cheng et al. 1983b;
Germ ershau sen et al. 1983; Mar et al. 1985; Smee
et al. 1985a), with viral thymidine kinase catalys
ing production of the ganciclovir monophosphate
derivative (Ashton et al. 1982; Field et al. 1983).
However, human cytomegalovirus does not en-
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code a viral thymidine kinase (Estes & Huang
1977), and although Epstein-Barr virus appears to
have some degree of thymidine kinase activity
(Littler et al. 1986) monophosphorylation of aci
clovir in infected cells is poor (reviewed in O'Brien
& Campoli-Richards 1989). Cellular thymidine
kinases do not catalyse ganciclovir monophos
phorylation and phosphorylation of ganciclovir in
uninfected cells is minimal (Field et al. 1983; Frei
tas et al. 1985).

In cells infected with human cytomegalovirus,
production of ganciclovir monophosphate appears
to be catalysed by an induced host-encoded deoxy
guanosine kinase (Biron et al. 1985; Smee 1985).
Monophosphorylation of ganciclovir probably oc
curs by similar mechanisms in cells infected with
other DNA viruses against which ganciclovir shows
some activity (sections 1.1 .3 & 1.2; Smee 1985;
Smee et al. 1985c; Taylor et al. 1988). Subsequent
formation of the diphosphate and triphosphate
ganciclovir derivatives is catalysed by cellular
guanylate kinase (Boehme et al. 1984; Cheng et al.
1983a; Smee et al. 1985a), and by several cellular
kinase enzymes, but primarily phosphoglycerate
kinase (Smee et al. 1985a), respectively.

Several features of ganciclovir anabolism facil
itate its antiviral efficacy. Uptake of ganciclovir into
cells infected with herpes simplex virus type I was
markedly greater than ganciclovir uptake in un
infected cells and also greater than uptake of aci
clovir under similar conditions (Cheng et al. 1983a;
Gerrnershausen et al. 1983), although the mech
anism underlying this has not been determined.
Possibly rapid phosphorylation of ganciclovir by
virus-encoded or virus-induced kinase enzymes
shifts the equilibrium, resulting in increased gan
ciclovir uptake . Additionally , ganciclovir appears
to be a better substrate for both the virus-encoded
and the host-encoded kinase enzymes involved in
nucleoside phosphorylation than aciclovir (Ashton
et al. 1982; Biron et al. 1985; Field et al. 1983;
Gerrnershausen et al. 1983; Smee et al. 1985a; St
Clair et al. 1984). This has been attributed to the
structural similarity of ganciclovir, which possesses
equivalents of both the 3' and 5' hydroxyl groups,
to endogenous nucleosides (fig. I). However, pro-
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duction of ganciclovir triphosphate in uninfected
cells was up to IOO-fold less than that in cells in
fected with human cytomegalovirus, with the rate
of ganciclovir triphosphate formation depending
on the extracellular ganciclovir concentration and
the multiplicity of infection (Biron et al. 1985). This
finding, coupled with apparent preferential affinity
of ganciclovir triphosphate for virus-encoded, as
compared with host-encoded, DNA polymerase
(table IV; Cheng et al. 1984; Germershausen et al.
1983), suggests relative specificity of action of gan
ciclovir in infected compared with healthy cells.
Indeed, as shown in table IV, the binding affinity
of aciclovir triphosphate for cellular DNA poly
merase alpha enzymes is usually much higher than
that of ganciclovir triphosphate, reducing the rel
ative selectivity of aciclovir triphosphate.

The triphosphates of ganciclovir and aciclovir
may inhibit DNA polymerases by different mech
anisms, as herpesvirus DNA polymerase mutants
resistant to aciclovir often remain susceptible to
ganciclovir (section 1.4). Increased uptake and rate
of phosphorylation of ganciclovir in infected com
pared with uninfected cells, and the specific inhi
bition of viral DNA polymerase by ganciclovir tri
phosphate, contribute to the marked differences in
ganciclovir concentrations inducing cytopathic ef
fects in herpesvirus-infected and uninfected cells
treated with ganciclovir (section 1.1 and section 2).
Although ganciclovir triphosphate has a lower
binding affinity for the DNA polymerase encoded
by human cytomegalovirus than does aciclovir tri
phosphate, production and stability of ganciclovir
triphosphate in cells infected with human cyto
megalovirus is much enhanced compared with aci
clovir triphosphate (Biron et al. 1985).

Unlike aciclovir, ganciclovir does not act as an
absolute chain terminator following incorporation
into DNA by polymerase enzymes, with several
authors reporting internal incorporation of ganci
clovir into DNA (Cheng et al. 1983a; Frank et al.
1984; St Clair et al. 1987). Ganciclovir has hy
droxyl groups analogous to both the 3' and 5' hy
droxyl groups found in endogenous nucleosides (fig.
I) permitting continued chain elongation following
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Table IV. Kinetic constants for cellular DNA polymerase a and virus-induced DNA polymerases
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Reference DNA polymerase" Km dGTP
(nmol/l)

Kj (nmol/l)

ganciclovir aciclovir

Herpes simplex virus type 1·induced enzyme
Frank et al. (1984) HSV-l (KOS)
Smee et al. (1985a) HSV·l (F strain)
St Clair et al. (1984) HSV-l (KOS)

HSV-l (Patton)
HSV-l (PAAR5)b

HSV-l (BWR)b

Herpes simplex virus type 2-induced enzyme
Frank et al. (1984) HSV-2

Human cytomegalovirus-induced enzyme
Biron et al. (1985) HCMV (AD169)
Freitas et al. (1985) HCMV (AD169)
Mar et al. (1985) HCMV (Towne)

Cellular enzyme (not virus-induced)
Frank et al. (1984) Peripheral blasts (AMl)
Freitas et al. (1985) MRC-5c

Mar et al. (1985) WI-38d

Smee et al. (1985a) Helae

St Clair et al. (1984) Hela S·3e

235

170
180
680
610

120

470

800

1430

1200

33
90
50
80
50
50

46

1400
1700
22

125
17000
146
4200
2500

3a

3
6
6
130
530

330
300
8

96
440
370

a From Derse et at. (1981).
b Aciclovir-resistant strains; PAAR5 is an HSV-l(KOS)mutant and BWR is an HSV-l (Patton) mutant.
c Human embryonic lung cells.
d Human fibroblasts.
e Human cervical carcinoma cells.
Abbreviations: Km = Michaelis-Menten constant ; dGTP =deoxyguanosine triphosphate; Kj = competitive inhibition constant against
dGTP; HSV-l = herpes simplex virus type 1; HSV-2 = herpes simplex virus type 2; HCMV = human cytomegalovirus ; AMl = acute
myelogenous leukaemia.

its incorporation into DNA. However, DNA with
ganciclovir monophosphate at the 3' terminus is a
poor substrate for continued chain elongation. The
competitive inhibition constant of ganciclovir
monophosphate-terminated DNA has been calcu
lated as 1.5 nmol/L (Frank et al. 1984) which is
similar to the 2.1 nmol/L reported for DNA ter
minated by aciclovir monophosphate (Derse et al.
1981), and incorporation of ganciclovir into DNA
reduces the rate of chain elongation to levels below
those observed in reactions not including deoxy
guanosine triphosphate (Frank et al. 1984; Mar et
al. 1985).

Prevention of viral DNA synthesis by incor-

poration of ganciclovir into the replicating strand
blocks late gene expression and protein synthesis
by the virus, inhibiting production of viral progeny
(Chun & Park 1987; Tocci et al. 1984;Tyms et al.
1987). However, viral replication resumes, indi
cating reversible virostatic inhibition, following re
moval of ganciclovir from the culture medium (Mar
et al. 1983).

The effect of internal ganciclovir monophos
phate incorporation on the rate and accuracy of
transcription by RNA polymerase enzymes, and the
role of exonuclease and endonuclease enzymes in
excision of ganciclovir from DNA, do not appear
to have been evaluated.
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1.4 Viral Resistance to Ganciclovir

Ganciclovir-resistant strains of herpes simplex
virus or human cytomegalovirus may be devel
oped in vitro by serial passage in subinhibitory
concentrations of drug (Biron et al. 1986; van der
Horst et al. 1987), presumably by selection of vi
ruses with relatively low drug susceptibility. Rel
atively ganciclovir-resistant herpesvirus strains have
also been reported in pretherapy clinical isolates
(Erice et al. 1989; Plotkin et al. 1985; Shepp et al.
1985) and following ganciclov ir (Erice 1988; Erice
et al. 1989) or aciclovir (Mclaren et al. 1985)
therapy.

Mutations in viral thymidine kinase and/or
DNA polymerase genes appear to mediate devel
opment of resistance in herpes simplex viruses (re
viewed by O'Brien & Campoli-Richards 1989).
Mutations in the viral thymidine kinase gene may
result in thymidine kinase-deficient mutants that
induce little or no enzyme activity and that are
usually resistant to most agents requiring phos
phorylation by this enzyme for antiviral activity,
including ganciclovir and aciclovir (Cheng et al.
1983b; Collins & Oliver 1985; Mclaren et al. 1985).
Alternatively, thymidine kinase mutants with an
altered substrate specificity which no longer effec
tively phosphorylate ganciclovir may result and
these mayor may not exhibit cross-resistance to
aciclovir (Cheng et al. 1983b; Mclaren et al. 1985).
Viral DNA polymerase-mediated resistance is usu
ally the result of selection of mutants encoding an
altered enzyme and aciclovir-resistant mutants of
this type often retain sensitivity to ganciclovir
(Coen et al. 1985; Smee et al. 1983). The mech
anism of ganciclovir resistance in human cyto
megalovirus infections may also involve mutation
in the viral DNA polymerase gene although a hu
man cytomegalovirus ganciclovir-resistant mutant
has been described which retained wild type sen
sitivity to viral DNA polymerase inhibitors (fos
carnet, aphidicolin, FIAC, vidarabine and PAA),
but was associated with reduced production ofgan
ciclovir diphosphate and triphosphate derivatives
despite unaltered ganciclovir uptake and ganciclo
vir triphosphate stability (Biron et al. 1986). This
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mutant may not induce adequate levels of the vi
rus-induced host-encoded deoxyguanosine kinase
enzyme suggested to be required for the conversion
of ganciclovir to ganciclovir monophosphate.

Thymidine kinase-deficient isolates of herpes
simplex virus exhibit reduced neurovirulence in
vivo with reduced infectivity, pathogenicity and es
tablishment of latency, whereas thymidine kinase
mutants with altered substrate specificity and DNA
polymerase mutants usually retain wild type vir
ulence (reviewed in O'Brien & Campoli-Richards
1989). Continued monitoring is required to further
define the rate of occurrence and clinical signifi
cance of viral resistance to ganciclovir.

2. Toxicology Studies

In most human cells in vitro ganciclovir con
centrations resulting in host cell toxicity are many
times greater than those required for ant iviral ac
tivity, although cells with a high rate of DNA syn
thesis including haemopoietic progenitor cells ap
pear to be part icularly sensitive to ganciclovir (table
V; Bowden et al. 1987; Sommadossi & Carlisle
1987). In a toxicity trial of prophylactic ganciclovir
following total body irradiation and autologous
marrow transplant in dogs, intravenous ganciclovir
3 mg/kg/day was well tolerated, whereas 5 rug/kg/
day was associated with a delayed recovery of
platelet counts but not absolute neutrophil counts
(Applebaum et al. 1988).

In toxicity studies in New Zealand white rabbits
intravitreal injection ofganciclovir up to 450Jlg did
not produce detectable ophthalmoscopic, histolog
ical or electroretinographical changes, and main
tained vitreous ganciclovir levels above 1D50levels
for herpesviruses for up to 60 hours (Pulido et al.
1985; Schulman et al. 1986a,b). Similarly, intra
vitreally injected liposomes containing the equiv
alent of ganciclovir 94Jlg and trifluridine 102Jlg
maintained vitreous drug concentrations above
ID50 values for herpes simplex virus types 1 and
II and cytomegalovirus for at least 14 days in rab
bit eyes without observable retinal toxicity (Pey
man et al. 1989). However, some ocular changes
were observed following administration of 3% gan-
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Table V. Cytotoxic effects of ganciclovir on human cells in vitro .

lack of inhibitory effects on normal cell function is reported as
nontoxic at the concentrations noted
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on the gastrointestinal mucosa (data on file, Syn
tex).

a HEF = human embryo fibroblasts; Hela S3 = human cer
vical carcinoma cells ; WI-38 = human fibroblasts ; P3HR-1
= human Iymphoblastoid cells; MRC-5 = human embryo lung
cells; HET = human embryo tonsil cells; BEC = embryo brain
cell aggregates; BFU-E = burst-forming units-erythroid; CFU
GM = colony -forming units granulocyte macrophage .

b Results reported in mg/l were converted to "mol/l;
lOx = concentration of ganciclovir required to inhibit the
measured value by X%.

ciclovir ointment 5 times dail y for 2 weeks, con
sisting of a smaIl increase in dark ceIls on the cor
neal surface which was considered negligible (Naito
et al. 1988). Ganciclovir administered in vitrec
tomy infusion solution at concentrations greater
than 40 rng/L (155 ,umol/L) was associated with
local degeneration of retinal ceIls or disorganisa
tion of retinal layers and electroretinograph ab
normalities (Kao et al. 1987). Other toxicology
studies in animals and in vitro indicate ganciclovir
administration may be associated with asperma
togenesis, mutagenicity, teratogenicity, carcinogen
icity, bone marrow depression and adverse effects

Baba et al. HEF
(1986)
Cheng et at. Hela S3
(1983b) WI-38

P3HR-1
Freitas et al. MRC-5

(1985) HET
Lin et al. P3HR-1
(1984. 1985)
Pulliam et al. BEC
(1986)
Smith et al. HEF
(1982a)

Sommadossi BFU-E

& Carlisle
(1987) CFU-GM

Reference Cell
cultures

Assay method Result
(ganciclovir
concentration;

"mol/l)b

Cell viability Nontoxic (500)

Cell 1050= 125
proliferation Nontoxic (50)

1050= 40
Cell 1050 = 110
proliferation 1050= 250
Cell 1050= 200
proliferation
Cell Nontoxic (800)
morphology
Cell 1050= 125
proliferation
3H-thymidine 1050 = 1800
uptake
Colony 1050= 1.6
formation lOgo = 100

1050= 2.7
lOgo = 35.7

3. Pharmacokinetic Studies

The pharmacokinetic properties of ganciclovir
have been evaluated in immunocompromised
patients with cytomegalovirus infections including
transplant recipients, patients receiving chemo
therapy for cancer, and patients with acquired im
mune -deficiency syndrome (AIDS) . Significant
dosage reductions are recommended in patients
with a decreased rate of creatinine clearance as the
terminal half-life and maximum plasma concen
trations of ganciclovir increase with increasing renal
impairment (section 3.4; section 7). Similar effects
would be expected in infant and elderly patients,
who also often have reduced renal function, al
though studies in these particular groups had not
been published at the time of writing. The phar
macokinetic properties of ganciclovir foIlowing in
travitreal administration in immunocompromised
patients with ' sight-threatening cytomegalovirus
retinitis and associated risk factors excluding the
patient from intravenous therapy, have been as
sessed in a limited number of patients.

Reverse-phase high performance liquid chro
matography (HPLC) is the most commonly used
method of quantifying ganciclovir concentrations
in body fluids, with the limit of detection at wave
length 254nm reported as 0.4 ,umoljL (100 ng/rnl)
[Sommadossi & Bevan 1987]. A radioimmunoas
say with a sensitivity limit of 3 nrnol/L (Nerenberg
et al. 1986), and enzyme-linked immunosorbent
assay (ELISA) systems (Shepp et al. 1985; Tade
palli et al. 1986) with a reported sensitivity limit
of 0.4 ,umoljL (Henry et al. 1987a) have also been
developed, and provide results similar to those ob
tained with HPLC (Henry et al. 1987a; Somma
dossi et al. 1988).

3.1 Absorption and Plasma Concentrations

3.1.1 Intravenous Administration
Intravenous ganciclovir is usuaIly administered

as a l-hour infusion and displays pharmacokinet
ics best described by a 2-compartment open model
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(Fletcher et aI. 1986; Sommadossi et aI. 1988;
Weller et aI. 1987). The pharmacokinetics of intra
venous ganciclovir I to 5 mg/kg 8-hourly appear
to be dose-independent (Laskin et aI. 1987a) and
mean peak ganciclovir concentrations vary in ap
proximately linear fashion over this dose range
(Erice et aI. 1987; Felsenstein et aI. 1985; Harbison
et aI. 1988; Laskin et aI. 1987b; Sommadossi et aI.
1988; Syntex , data on file). Steady-state peak plasma
concentrations achieved with an 8-hourly ganciclo
vir dosage regimen (9.4, 20.3 and 44.5 jlmoljL, re
spectively, at 1.0, 2.5 and 5.0 mg/kg dosages; Las
kin et aI. 1987a) are similar to those seen after
equivalent single doses. This indicates ganciclovir
accumulation is unlikely in patients with normal
renal function receiving an 8-hourly dosage regi
men (Laskin et aI. 1987a) - indeed, accumulation
did not occur in patients with essentially normal
renal function receiving 8-hourly ganc iclovir for up
to 24 days (Felsenstein et aI. 1985; Fletcher et aI.
1986; Laskin et aI. 1987b; Sommadossi et aI. 1988;
Syntex, data on file). Steady-state trough ganciclo
vir plasma concentrations were 0.9, 2.7 and 4.4
jlmoljL, respectively, after 1.0, 2.5 and 5 rug/kg 8
hourly (Laskin et aI. 1987a). At the higher doses
these values are above the reported ID50 values of
many human cytomegalovirus isolates (table I).

3.1.2 Intraocular and Oral Administration
The pharmacokinetics of intravitreal ganciclo

vir administration have been studied in I patient
who received 5 doses of 200jlg in a volume of 0.1ml
over 15 days. The concentration of ganciclovir in
intravitreal fluid immediately following injection
was 65 jlmoljL, while plasma ganciclovir concen
trations remained below the limits of detection of
the assay system used (less than 0.4 jlmoljL) [Henry
et aI. 1987a).

Administration of ganciclovir 10 rug/kg as a
single oral dose to 6 patients produced peak plasma
levels of 0.9 to 1.93 jlmoljL about 1.5 hours after
administration. The mean bioavailability of oral
ganciclovir at this dosage was calculated to be 6%
(range 5.4 to 7.1%) based on the urinary recovery
rate (De Miranda et aI. 1986). Oral ganciclovir 10
or 20 rug/kg every 6 hours in 4 patients resulted
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in maximum ganciclovir plasma concentrations of
2.01 and 2.96 jlmoljL, respectively, 30 to 60 min
utes after administration, with minimum plasma
concentrations of 0.87 and 1.05 jlmoljL, respec
tively, at 6 hours. Oral bioavailability of the 10
mg/kg dosage as calculated by urinary recovery or
comparison of the area under the plasma concen
tration vs time curve was 4.6% or 3.5%, respec
tively; oral bioavailability of the 20 rug/kg dosage
was 3% or 2.5%, respectively (Jacobson et aI. 1987).

3.2 Distribution

Autopsy studies were performed on 6 leukaemia
patients who died ofdisease complications on days
4 to 15 of ganciclovir therapy [2.5 (n = 3) or 5 (n
= 3) mg/kg 8-hourly as a I-hour intravenous in
fusion) for cytomegalovirus pneumonia. Concen
trations of ganciclovir in the lung, liver and testes
of patients were approximately equal to those found
in heart blood. The mean ganciclovir concentra
tion in the CNS was 38% of the mean heart blood
concentration whereas concentrations in the kid
ney were 3- to 7-fold greater than those in heart
blood (Shepp et aI. 1985).

Furthermore, concentrations of ganciclovir in
CSF were 0.68 mg/L (2.7 jlmoljL) 3.5 hours after
intravenous administration of a 2.5 mg/kg dose
[plasma concentrations were predicted to be 2.2 rng/
L (8.6 jlmoIjL); 31% penetration). While the ratio
of CSF to plasma ganciclovir concentration was
higher (67%) 5.67 hours after ganciclovir admin
istration, the actual CSF ganciclovir concentration
was similar [0.62 mg/L (2.4 jlmoljL) Fletcher et aI.
1986). A CSF ganciclovir concentration of 2.4
jlmoljL was reported in a patient I hour after re
ceiving intravenous ganciclovir 1 mg/kg, when
serum ganciclovir was 5.8 jlmol/L (41% penetra
tion) [Laskin et aI. 1987b).

Distribution of ganciclovir into ocular fluids has
also been evaluated. In a bone marrow transplant
patient with cytomegalovirus retinitis, subretinal
fluid ganciclovir concentrations of7.16 jlmoljL and
2.58 jlmoljL were found 5.5 and 8 hours, respec
tively, after the start of a l-hour infusion of gan
ciclovir 5 rug/kg , with corresponding plasma con-
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centrations of 8.16 ~molfL and 1.28 umcl/L (Jabs
et al. 1986). Pharmacokinetic studies in a further
patient with cytomegalovirus retinitis, receiving
maintenance intravenous ganciclovir 6 rug/kg/day
5 days/week, revealed ganciclovir concentrations
in subretinal and aqueous fluids of 3.6 and 2.4
~moIfL, respectively, 2.5 hours after drug admin
istration when serum ganciclovir was 6 ~molfL.

Vitreous fluid ganciclovir concentration 21 hours
after administration was 0.8 ~moIfL, while serum
ganciclovir was undetectable by HPLC at that time
(Jabs et al. 1987).

Ganciclovir is I to 2% bound to plasma proteins
(Syntex, data on file). Studies evaluating the trans
fer ofganciclovir to breast milk have not been pub
lished although considering its wide tissue distri
bution, low plasma protein binding, and structural
similarity to aciclovir, which is found in human
breast milk in significant concentrations (reviewed
in O'Brien & Campoli-Richards 1989), it seems
likely that at least some accumulation in milk oc
curs. Indeed, ganciclovir concentrations in breast
milk ma y possibly be several times higher than
plasma concentrations, although the lack of data
on oral bioavailability of the drug in infants means
it is impossible to assess the likely effects of this.
Similarly, studies evaluating the pharmacokinetics
of maternal-fetal transfer of ganciclovir do not ap
pear to have been performed although the terato
genicity of ganciclovir observed in animal models
(section 2) suggests this could be an important con
sideration.

The mean volume of distribution of ganciclovir
at steady state has been variously reported as 32.8
L/1.73m2 (Fletcher et al. 1986), 45L (Laskin et al.
1986) and 44.5 L/1.73m 2 (Weller et al. 1987) fol
lowing intravenous administration to patients with
normal renal function. Following intravitreal gan
ciclovir administration an apparent volume of dis
tribution in vitreous fluid of II. 7ml has been re
ported, also suggesting tissue uptake of the drug,
possibly by the retina (Henry et al. 1987a).

3.3 Metabolism and Elimination

Almost 100% of intravenously administered
ganciclovir is excreted unchanged in the urine in
patients with normal renal function (Felsenstein et
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al. 1985; Laskin et al. 1986, 1987a, 1987b; Shepp
et al. 1985; Weller et al. 1987; Syntex, data on file)
indicating that little or no extrarenal elimination
occurs. Ganciclovir renal clearance is highly cor
related with glomerular filtration rate (creatinine
clearance), and along with the almost complete ur
inary recovery of the drug this suggests tubular se
cretion is involved (Fletcher et al. 1986). Studies
in patients with normal renal function receiving
intravenous ganciclovir I to 5 mg/kg/dose indicate
that the elimination half-life (t '/'II) is 2 to 4 hours
(Fletcher et al. 1986; Laskin et al. 1986, 1987a;
Shepp et al. 1985; Sommadossi et al. 1988; Weller
et al. 1987; Syntex, data on file), and the mean
clearance rate has been reported as about 200 ml/
min/I. 73m 2 (Fletcher et al. 1986; Laskin et al.
1987a; Weller et al. 1987). The half-life of ganci
clovir in vitreous fluid following intravitreal
administration has been calculated as 13.3 hours
(Henry et al. 1987a).

3.4 Pharmacokinetics in Patients with Renal
Function Impairment

Several studies have identified that ganciclovir
clearance rate decreases in an approximately linear
fashion as creatinine clearance decreases, with the
rate of ganciclovir clearance being estimated vari
ously as about 1.25- to 2.4-fold the creatinine clear
ance rate (Fletcher et al. 1986; Laskin et al. 1987a;
Metselaar & Weimar 1989; Sommadossi et al.
1988). Thus, the plasma half-life and maximum
plasma concentration of ganciclovir increase with
increasing renal impairment (Fletcher et al. 1986;
Harbison et al. 1988), with a terminal half-life of
9 to 30 hours being reported in patients with a cre
atinine clearance of 20 to 50 ml/min/1.73m2

(Weller et al. 1987). In one study a patient with
serum creatinine levels of 9.1 mg/dl, and a ganci
clovir clearance rate and elimination half-life of 0.23
ml/rnin/kg and 39.8 hours, respectively, was re
ported (Sommadossi et al. 1988). Plasma concen
trations of ganciclovir are reduced by haemodialy
sis, with approximately 50% of the dose being
removed in 4 hours (Lake et al. 1988; Sommadossi
et al. 1988; Syntex, data on file), and a dialysis gan-
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ciclovir clearance rate of 68.5 mlfmin/1.73m2 has
been reported in I patient (Lake et al. 1988).

4. Therapeutic Use in Cytomegalovirus
Infections

Ganciclovir has been most widely studied
clinically in patients with human cytomegalovirus
infections . Immunocompetent individuals with cy
tomegalovirus infection are usually asymptomatic,
but in patients with suppressed or deficient im
mune function the infection may be associated with
considerable morbidity and mortality. Thus, gan
ciclovir has been used predominantly to treat cy
tomegalovirus infection in immunologically com
promised individuals including patients with AIDS,
congenital immunodeficiency, some haematologi
cal malignancies, or who have received chemo
therapy for malignancy, transplant rejection pro
phylaxis, or corticosteroid therapy for systemic
lupus erythematosus or Crohn's disease. Cytome
galovirus infection occurring in utero or in the neo
nate is also a potentially serious disease as immune
function in this patient group is still developing. In
a recent case report a neonate with congenital cy
tomegalovirus infection received ganciclovir 10 rng/
kg from 10 days of age. Hepatosplenocardiomegaly
regressed. CNS involvement was also suspected and
long term follow-up of the child's development was
recommended (Muntean et al. 1989). Two infants
with cytomegalovirus pneumonia have also been
successfully treated with ganciclovir (Fan-Havard
et al. 1989). Studies in immunocompromised
children or elderly patients have also not been per
formed although some trials have included such
patients among their participants. A retrospective
analysis of 12 paediatric transplant recipients with
cytomegalovirus infection who received ganciclo
vir therapy indicated clinical outcome is similar to
that of adults with comparable disease (Gudnason
et al. 1989). Patients with reduced renal function
have been included in many studies with ganciclo
vir dosage reduced appropriately (section 7).

Cytomegalovirus infection may be generalised,
presenting as viruria, viraemia, fever and wasting,
and/or may involve specific organs as sites of in-
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fection. The underlying cause of immunological
compromise appears to influence the site of infec
tion to some extent, with retinitis , adrenalitis and
involvement of the gastrointestinal tract being most
common in patients with AIDS, whereas pneu
monia is a common disease manifestation in bone
marrow transplant recipients, and solid organ
transplant recipients appear most susceptible to cy
tomegalovirus hepatitis and pneumonia. Cytome
galovirus nephropathy has been successfully treated
with ganciclovir in kidney transplant recipients (for
example Ebihara et al. 1989). However, many
patients have multiple sites of involvement.

Because ganciclovir has been the only agent to
date demonstrating both significant therapeutic ef
ficacy against human cytomegalovirus infection at
a wide variety of sites, and acceptable tolerability ,
it has generally been considered unethical to with
hold treatment from patients with life- or sight
threatening disease, many of who have been treated
under 'compassionate plea' protocols. Thus , pla
cebo-controlled studies have not been reported , al
though some authors have compared their results
with historical controls and trials including a
double-blind methodology are reported to be un
derway. In addition, many published stud ies have
included patients with varying sites of cytomega
lovirus infection and reasons for immunological
compromise. Uniform criteria for the assessment
of disease response to ganciclovir have not been
established, making study comparison difficult.
Many patients who die of cytomegalovirus infec
tion do so during induction therapy, indicating the
importance of prompt diagnosis and treatment.
However, the degree of disease severity before the
institution of ganciclovir therapy varies consider
ably between studies and as results suggestthat early
initiation of ganciclovir therapy is beneficial, this
factor may have a marked effect on patient out
come. The high incidence of serious concomitant
infections in immunologically compromised
patients has also confounded the assessment of re
sponse to ganciclovir therapy; patients may be
come cytomegalovirus culture-negative but die of
superinfection by other organisms. The role of gan
ciclovir in superinfections is difficult to assess as
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although they are common in immunologically
compromised patients, ganciclovir therapy has been
associated with neutropenia (section 5) and may
also have a contributory role. However, there has
only been limited evidence of the development of
cytomegalovirus resistance to ganciclovir during
therapy (Erice et al. 1989), with patients treated for
disease relapse usually responding.

With the exception of intravitreal administra
tion in a small number of patients with cytome
galovirus retinitis, ganciclovir has been exclusively
administered by the intravenous route as a l-hour
infusion . Although prophylactic ganciclovir has
been used successfully in a few patients, prompt
institution of therapy following diagnosis of cyto
megalovirus infection currently appears to be fa
voured, predominantly because of the morbidity
that may be associated with continuous therapy.
The haematological toxicity of ganciclovir (reflect
ing the sensitivity of haemopoietic cells to the drug)
also makes it less attractive than aciclovir in the
treatment of herpes simplex virus, varicella zoster
virus and herpesvirus simiae, although ganciclovir
demonstrates considerable efficacy against these
infections both in vitro and in vivo.

4.1 Cytomegalovirus Retinitis

Cytomegalovirus retinitis is most often ob
served in patients with AIDS although it may also
occur in other immunocompromised patient
groups. Careful diagnosis is important with exclu
sion of other possible aetiologies, including Tox
oplasma gondii, herpes simplex virus and human
immunodeficiency virus (HIV) involvement re
quired. Previously many patients presented with
retinitis well advanced as visual loss is often not
perceived until damage is extensive. However, as
medical personnel have become more aware of the
problem, diagnosis is often made before substan
tial loss of visual acuity occurs. Visual loss is pro
gressive and may be extremely rapid without ad
equate treatment.

Ganciclovir has usually been administered
intravenously although intravitreal injection of the
drug has also proved successful in a limited nurn-
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ber of patients (section 4.1.2). However, intraven
ous ganciclovir therapy is preferable as cytome
galovirus retinitis usually occurs in association with
disseminated cytomegaloviral disease and intravi
treal ganciclovir administration does not provide
systemic therapy.

Ophthalmological improvement following gan
ciclovir administration is not always correlated with
an improvement in visual acuity; however, sub
stantial improvements in visual acuity have been
observed in some patients, probably in association
with resolution of haemorrhages and retinal in
flammation. Following a study in 40 patients HoI
land et al. (1987) concluded that a reduction in ret
inal opacification, resulting from resolution of
oedema and necrotic tissue mobilisation, was the
most reliable sign of early disease response, with
the success of long term maintenance therapy in
dicated by a failure of disease borders to advance.
An improvement of visual acuity in association
with ganciclovir therapy was most often observed
in patients with disease adjacent to but not in
volving the fovea. Autopsies performed on patients
with AIDS who died while receiving ganciclovir
for cytomegalovirus retinitis have found immature
viral capsids, particularly in retinal cells, confirm
ing the virostatic rather than virucidal action of the
drug (Pepose et al. ) 987; Teich et al. 1988).

Maintenance ganciclovir therapy significantly
reduces the relapse rate although breakthrough ret
initis may occur even with higher maintenance
dosage regimens. This usually responds to repeated
induction therapy or an increase in maintenance
dosage although this is not always possible because
of toxicity (Buhles et al. 1988; Henderly et al. 1987;
Jabs et al. 1987; Jacobson et al, 1988c,d; Orellana
et al. 1987). In addition, the development of reti
nitis has also been observed in patients receiving
maintenance ganciclovir therapy because of other
sites of cytomegalovirus infection (Erice et al. 1987;
O'Donnell et al. 1987). As yet there is only limited
evidence that ganciclovir therapy of cytomegalo
virus retinitis in patients with AIDS prolongs over
all survival, although sight is preserved in many
instances (Henderly et al. 1987; Jacobson et al.
1988c; Orellana et al. 1987).
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4.1.1 Intravenous Ganciclovir Therapy
The response to ganciclovir induction and

maintenance therapy in patients with AIDS and
cytomegalovirus retinitis appears to be dose-pro
portional (table VI; Laskin et al. 1987b; Orellana
et al. 1987). In addition, deferment of ganciclovir
maintenance treatment has been associated with
earlier progression of disease and further loss of
visual acuity (Jacobson et al. 1988c,d). The rate of
response may also be more rapid at higher dosages
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(Masur et al. 1986). Improvements may be ob
served as early as the first day of ganciclovir treat
ment, with maximum improvement reported after
a mean of 21.5 days' therapy with ganciclovir 2.5
mg/kg 3 times daily in I study (Orellana et al. 1987).
Further improvements in ophthalmological find
ings may be observed during maintenance therapy,
probably resulting from continued resolution of re
sidual opacification and exudative material (Hol
land et al. 1987; Orellana et al. 1987). Results also

Table VI. Some studies comparing different dosages of intravenous ganciclovir for treatment of severe" human cytomegalovirus
(HCMV) retinitis in patients with acquired immune deficiency syndrome (AIDS)

Reference Ganciclovir Ophthamological Ganciclovir Days to Comments
induction therapy? response? maintenance clinical

[mg/kg/dayj (no. of patients) therapy relapse/
(duration) [mg/kg/wkj (no. disease

of patients) progression

Bailleul (1988) 10 (14 days) 79% (263/334) None (41) 31 Includes patients from 3 studies.

10-20 (10) 37 Relapse rate at 3 months was
25-35 (70) 145 100%, 87% and 42%. respectively

Buhles et al. Noned 10% (2/20) None (20) 41 (47)9 Visual acuity had also improved

(1988) 7.5 or 10 (14 84% (85/105)ttt.t 10-15 (9) 51 (47) following ganciclovir induction
days)9 25-35 (32) 128' (105)' therapy in 27/31 eyes examined

Jacobson et al. 7.5 (10 days)9 85% (22/27) 25 Visual acuity better in patients
(1988c, 1988d) Immediately after 53.8 (2-66),"h receiving immediate vs deferred

induction (8) maintenance at last evaluation

Deferred until 18.8 (9-35)
progression (8)
Following 53 (6-89)'
deferment (6)

Laskin et al. 3i 0% (0/3) None (21) 30 Relapse rate at 1 month was 100%
(1987a) 7.5i 92% (46/50) 7.5-12.5 (15) 'Long term'" 73% relapse rate after 'long term '

therapy (p =0.02 vs 25-35

mg/kg/wk)

15i 86% (6/7) 25-35 (8) son No relapses after 2 months'
follow-up

a As defined by the authors - usually sight-threatening.
b Induction therapy was administered in 2 or 3 divided doses per day.
c Defined as improvement or stabilisation of retinit is based on ophthalmological findings.
d Historical controls .
e Dosage modified according to haematological parameters and/or renal function .
f Patients receiving ganciclovir tor" 10 days and who were HCMV culture-positive at baseline were evaluated.
g Mean (median).
h Median (range).
i For mean 14, range 1-28 days.

Significant differences compared with no/deferred treatment: ' p < 0.05; " P = 0.02; ". P = 0.01; t p '" 0.004; tt p < 10- 6;

ttt p = not defined.
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suggest that patients with retinitis peripheral to the
arcades have a better response than those with pos
terior pole involvement (Jabs et al. 1987).

In a study of 41 patients with AIDS receiving
ganciclovir for cytomegalovirus retinitis, 39 patients
reported an improved sense of wellbeing. 33
patients receiving maintenance ganciclovir therapy
reported improvements in wellbeing, weight gain,
and a reduced incidence of headache and diar
rhoea. However, the development oflocalised peri
foveal lesions was noted in 3 eyes of 2 patients
although other retinal lesions healed during induc
tion therapy. It was suggested that ganciclovir ac
cess to the avascular foveal region may be limited
following intravenous administration and that this
area may act as a reservoir for cytomegalovirus in
fection. Intravitreal ganciclovir injection (section
4.1.2) may be an alternative in this instance, bring
ing the foveal lesions into contact with the drug
and preventing their progression (Orellana et al.
1987).

The use of granulocyte-macrophage colony
stimulating factor (GM-CSF) in combination with
ganciclovir has been reported in patients with AIDS
and cytomegalovirus retinitis. 16 patients received
intravenous ganciclovir 5 to 10 mg/kg/day and re
combinant human GM-CSF I to 15 jlg/kg/day.
Patients received treatment for 20 days to 8 months.
Ganciclovir resistance did not develop in any
patient and progression of retin itis was prevented
in most patients (Grossberg et al. 1989). The con
comitant administration of human cytomegalovi
rus immune globulin and ganciclovir in patients
with AIDS and cytomegalovirus retinitis did not
appear to be of additional clinical benefit, with the
time to disease progression being less (p = 0.06)
than that of historical controls (Jacobsen et al.
1990).

Cytomegalovirus retinitis has also been treated
successfully with ganciclovir in patients who were
immunologically compromised as a result of solid
organ or bone marrow transplant, leukaemia, or
myelofibrosis (Buhles et al. 1988; Daikos et al. 1988;
D'Alessandro et al. 1989; Erice et al. 1987; Pales
tine et al. 1986; Rosecan et al. 1986; Snydman 1988;
Thomson & Jeffries 1989). Unlike patients with
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AIDS, these patients often do not require main
tenance ganciclovir therapy to control disease pro
gression as immune system recovery serves to pre
vent further active infection. However , in I patient
with chronic lymphocytic leukaemia, retinitis did
not respond and the cytomegalovirus isolate ap
peared to be ganciclovir resistant (Erice et al. 1989).

4.1.2 1ntravitreal Ganciclovir Therapy
Intravitreal administration of ganciclovir for the

treatment of cytomegalovirus retinitis has been
evaluated exclusively in patients with AIDS. In
travitreal therapy was initiated in 42 eyes of 30
patients with AIDS and cytomegalovirus retinitis
associated with factors including concomitant zi
dovudine therapy (8 patients), bone marrow
suppression precluding intravenous ganciclovir
therapy (18 patients) and/or progressive or break
through retinitis despite intravenous ganciclovir
therapy (9 patients); the latter group continued to
receive maintenance intravenous gancic\ovir
therapy.

Intravitreal ganciclovir 200jlg to 400jlg in a 50jll
to 100jll volume was usually injected under topical
or retrobulbar anaesthesia once or twice weekly into
the treated eye(s) for up to 4 weeks initially (in
duction), then once ~eekly (maintenance). How
ever, I patient received ganciclovir 2.23mg in each
eye. Overall 31 eyes showed clinical improvement
(usually evaluated by ophthalmoscopy) and 4 eyes
stabilised, with improvements being observed
within 2 to 3 weeks. As with intravenous ganciclo
vir therapy, ophthalmoscopic response was not al
ways associated with an improvement in visual
acuity, although the latter was observed in some
patients. Relapse occurred after 2 to 5 months in
4 eyes of 3 patients receiving maintenance therapy
with ganciclovir 200jlg once weekly. Intravitreal
ganciclovir was increased to 400jlg once weekly in
I patient and 2 patients received a second course
of induction therapy (ganciclovir 200 jlg/injection
as 6 injections over 2 to 3 weeks); all 4 eyes re
sponded.

Retinitis progressed in the untreated fellow eyes
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Table VII. Efficacy of intravenous ganciclovir in immunologically compromised patients with severe" human cytomegalovirus (HCMV)
pneumonia

Reference Reason for Ganciclovir therapy [mg/kg] Clinical Clinical Comments
immuno- (durat lonj? response to respo nse
logical

induction maintenance
initial tnerapy? following

comp romise relapse?

Bone marrow transplant recipients
Collaborative BMT 10-15/day 0/1 Patient died of respiratory
DHPG (14 days) failure before completing
Treatment induction therapy

Study Group

(1986)

Emanuel et al. BMT 10/day 0/2 Died of respiratory failure
(1988) (14-21 days) within 20 days
Erice et al. BMT 7.5/dayd 5/day 7/ 11 0/2 2/7 pat ients alive at 7 months;

(1987) (10-20 days) both had received
maintenance

Milliken et al. BMT 7.5/dayd 5/day 7/16 1/1 2 responders died of GvHD at

(1989); Selby (10-20 days) (,,;35 days)d 5 months (n=l) or fulminant
et al, (1986) pneumon itis of unknown

aetiology at 6 months

Shepp et al. BMT 7.5 or 15/day 1/10 9 patients died of respiratory

(1985) (14-17 days) failure after 10 (median) days '
therapy. Responder died of

GvHD 72 days after
pneumonia onset

Thomson & BMT 5-11/day 10/21
Jeffries (1989) (4-24 days)d

Turner et al. BMT 7.5/day 0/2 Died without completing

(1986) «5 days) induction therapy

Winston et al. BMT 2.5-15/dayd 6/day . 2/13 e

(1988); Ho (med 19 days) 5 days /wk
et al.(1989)

Solid organ transplant rec ipients
Cantarovich RT 10/day 1/1
et at, (1988) (7-14 days)def

Creasy et al. RT9 10/day 1/1 Previous therapy with

(1986) hyper immune HCMV globul in

was unsuccessful

Erice et at RT 7.5/d ayd 3/3 Complete response

(1987) (10-20 days)

Harb ison et al. LT 7.5/dayd 3/4 1 improv ed patient remained

(1988) RT (~10 days) 2/2 HCMV CUlture-positive. 1

patient died on day 28 -
cultures were HCMV-negative

Keay et al. HLT 10/dayd 5-6/dayon 6/6 2/2 3 patients died before

(1988) HT (14 days) 3-7 days/wk 4/7 4/4 complet ing induction therapy

(3-44 doses)

Metselaar & RT9 10/dayd 4/6 Ganciclov ir was withdrawn

Weimar (1989) (6-15 days) ' because of severe neutropenia

in the 2 nonresponders. 2/3

dialysis patients responded
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Table VII. Contd

Reference Reason for Ganciclovir therapy [mg/kgj Clinical Clinical Comme nts
immuno- (duration)b response to response
logical

induction maintenance
initial therapy? following

comp rom ise relapse ?

Solid organ transplant recipients (contd)
Nicholson et RT 10/day 4/5 1 responding patient died
al. (1988) (14 days)
Paya et al. LT, RT8 7.5/da yd 8/9
(1988) (6-19 days )
Rostoker et RT 10/d ay 5/5 1 patient relapsed"

al. (1988) (14 days )
Snydman RT 0.5-10/dayd 30/wk (5 wks ; 6/10 2 responders received HCMV
(1988) (med 13 days) n=l) immune globu lin; 2 responders

died of other causes; 4
nonresponders died of
resp irato ry arrest

Stoffel et al. RT9 7.5/da yd 7/8 1/ 1
(1988) (10-20 days)

5-11/day
(4-24 days)d

Thomson & HT 4/6
Jeffr ies (1989) LT 5/6

RT 9/12
Tucker et al. HT 7.5/da y 3/3
(1987) (14-20 days)
Turner et al. HT 7.5/day 1/1 1 pat ient died of unrelated
(1986) RT (,,;;22 days) 1/1 causes
Watson et al. HT 7.5/d ayd 4/4
(1988) (10-14 days)
Winston et al. LT 2.5-15/dayd 2/38

(1988); Ho RT (med 19 days) 1/1
et al. (1989)

Patients with acquired immune deficiency syndrome (AIDS)
Bach et al. AIDS 360 mg/day 5 3/3 1/2 1 patient refused further
(1985); Bach (30 days; n=l ) maintenance; 1 patient died
(1986); Bach & or 7.5/day without relapse
Hedstrom (20 days )
(1987)
Buhles et al. AIDS 7.5 or 10/dayd 5/day 2-3 18/23 8

(1988) (~ 1 0 days) days/wk or
5-6/day 5-7
days/wk

Chachoua & AIDS 10/day 5/5 8 'Signifi cant' relapse rate
Dieterich (14 days)
(1986)
Collabo rat ive AIDS 10-15/day 3/5 2 patients died of respiratory
DHPG (14 days) failure before completing
Treatment induction. 3 responders died of
Study Group pulmona ry failure 1.5-7 weeks
(1986) later
Erice et al. AIDS 7.5/dayd 5/day 2/3
(1987) (10-20 days)

Table continues on following page
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Table VII. Contd

Ganciclovir therapy [mg/kg)
(durationj''

Reference Reason for
immuno
logical
compromise induction maintenance

Clinical
response to
initial therapy"

Clinical

response
follow ing
relapse?

Comments

2 patients refused
maintenance and relapsed
(retinitis. colitis)

1/1

3/3

e

5/7

1/1

3/4

AIDS

AIDS

AIDS

Patients with acqu ired immune deficiency syndrome (AIDS) [contd)
Laskin et al. AIDS 3-15/day 2.1-5/day 10/14
(1987a) (mean 14 3-7 days/wk

days) (2-154 days)
3 or 7.5/day
(8-24 days)

7.5/day
(10 days)

2.5-15/day 6/day for 5
(med 19 days) days/wk

Laskin et al.
(1987b)

Masur et al.
(1986)
Winston et al.
(1988); Ho et
al. 1989

Patient with SLE did not
respond

Died of respiratory failure
before completing induction
therapy. aged 3 months

1/2

1/1

2/2

0/1

1/1

6/day 5 days/
wk

5/day 5 days/
wk (2wks)

7.5/dayd
(10-20 days)
10/day
(10 days)

7.5/day
(",22 days)
2.5-15 dayd
(med 19 days)

Lymphoma
(n=l)
SLE (n=l )

AML (n=l)
SLE (n= l)
Cancer
chemotherapy

Lymphoma

Other reasons for immunological compromise
Collaborative SCIDS 10-15/day
DHPG (14 days)
Treatment
Study Group
(1986)
Erice et al.
(1987)
Keay et al.
(1987)

Turner et al.
(1986)
Winston et al.
(1988); Ho et
al. (1989)

Unspecified reasons for immunological compromisee

Buhles et al. Transplant 7.5 or 10/day 5/day 2-3
(1988) Other (~10 days) days/wk or

5-6/day 5-7
days/wk

Thompson & Other
Jeffries (1989)

5-11/day
(4-24 days)d

6/10
2/3

9/13

Not specified whether BMT or
SOT recipients . Underlying
disease was not specified but
was not AIDS
Not transplant recipients

a As defined by the authors - usually life-threaten ing.
b Induction therapy usually administered in 2 or 3 divided doses per day. Dosages are mg/kg unless otherw ise stated.
c Clinical response includes part ial and complete responses . Follow ing relapse patients usually received repeat induction therapy

or increased maintenance therapy .
d Dosage modified according to haemato logical parameters and/or renal funct ion.
e Full details not prov ided.
f Authors rated disease as 'moderate' interstitial pneumon itis.
g Immunosuppressive therapy was decreased or withdrawn.
Abbreviations: BMT = bone marrow transplant; med = median; GvHD = grail vs host disease ; RT = renal transplant; LT = liver
transp lant; HLT = heart-lung transpla nt; HT = heart transplant; SCIDS = severe combined immune deficiency syndrome;
AML = acute myelogenous leukaemia; SlE = systemic lupus erythematosus; SOT = solid organ transplant.
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of 4 patients with bilateral disease, whereas in 3
patients with unilateral disease retinitis did not de
velop in the untreated fellow eye although systemic
ganciclovir was not administered (Buchi et aI. 1988;
Cantrill et aI. 1989; Daikos et aI. 1988; Harris &
Mathalone 1989; Heery & Hollows 1989; Henry et
aI. 1987a,b; Ussery et aI. 1988; Visser & Bos 1986).

4.2 Cytomegalovirus Pneumonia

Pulmonary cytomegalovirus infection in im
munologically compromised patients has been as
sociated with a poor prognosis. Development of in
terstitial pneumonitis in these patients may be
associated with T cell cytotoxicity directed against
viral and/or leucocyte antigens expressed on the
surface of cytomegalovirus-infected cells in the lung
(Grundy et aI. 1987). Although ganciclovir mono
therapy may prevent the production of cytome
galovirus virions, it does not appear to prevent the
production of viral proteins, which continue to be
expressed on the cell surface (section 1.3). Thus,
some patients with cytomegalovirus pneumonia
may appear to respond to ganciclovir therapy, be
coming cytomegalovirus culture-negative, but
nevertheless develop interstitial pneumonitis as a
result of immune-mediated damage directed against
infected cells. Bone marrow transplant recipients,
particularly those with graft vshost disease (GvHD),
appear to be especially at risk (table VII). Concom
itant administration of ganciclovir with cytome
galovirus immune globulin has in some cases
proved beneficial in these patients (table VIII),
possibly as a result of the immunogobulin mole
cules binding to the expressed antigens, reducing
the cytotoxic T cell response (Rook 1988). Con
versely, patients with AIDS have poor cytotoxic T
cell responses, and these patients appear to re
spond well to ganciclovir monotherapy of cyto
megalovirus pneumonia (Frank & Friedman 1988).

4.2.1 Ganciclovir Monotherapy
Studies investigating ganciclovir monotherapy

in immunologically compromised patients with
severe cytomegalovirus pneumonia have shown
consistently good clinical responses in solid organ
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transplant recipients and patients with AIDS.
However, responses have been variable in bone
marrow transplant recipients, with some studies
showing little benefit while others reported a greater
than 50% rate of response to ganciclovir therapy
(table VII).

Although these studies involved only small
numbers of patients, the results suggest that several
factors affect the .likelihood of a successful treat
ment outcome. Many patients classified as non
responders died before completing ganciclovir in
duction therapy (table VII). Hence, prompt
diagnosis is required (Fibbe et al. 1988), with a
shortened disease course and reduced incidence of
superinfection reported in renal transplant recipi
ents in whom ganciclovir therapy was initiated rel
atively early (Cantarovich et al. 1988).Stoffel et al.
(1988) recommended that ganciclovir therapy be
initiated as soon as possible in renal transplant re
cipients who develop a fever of unexplained origin
I to 3 months post-transplant. Ganciclovir has also
been reported to be more effective in bone marrow
transplant recipients with cytomegalovirus pneu
monia when given early in infection, and it has
been suggestedthat prophylactic ganciclovir therapy
may be beneficial in these patients (section 4.6;
Winston et al. 1988). A relatively high ganciclovir
dosage regimen and a prolonged treatment dura
tion have also been reported to improve patient
survival and reduce relapse rate, but may be lim
ited by toxicity (Laskin et al. 1987b; Stoffel et al.
1988).

Relapse is relatively uncommon in solid organ
transplant recipients, particularly those receiving a
prolonged course of induction therapy, probably in
association with their relatively rapid recovery of
immune function (table VII; Harbison et al. 1988;
Stoffel et al. 1988), and those patients who do re
lapse generally respond to a further course of gan
ciclovir therapy. However, the immune system re
covers slowly in bone marrow transplant recipients
and is in decline in patients with AIDS, and it is
recommended that these patients receive mainten
ance ganciclovir therapy as this appears to improve
overall survival rates (Buhles et al. 1988;Chachoua
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Table VIII. Efficacy of intravenous ganciclovir in combination with intravenous cytomegalovirus immune globulin in immunologically
comprom ised patients with severea human cytomegalovirus (HCMV) infection

Reference Reason for Site of HCMV Ganciclovir Cytomegalovirus Clinical Comments
immune- infection [mg/kg/day) immune globul in response to
logical (duration)b (mg/kg)C therapyd
comprom ise

Bratanowet BMT Lung 6-7.5 e 2/4 2 partial responders
al. (1987) died

Lung I; 10 (med 18 e 9/11 8 patients had a
days) complete response'
M; 6. 5 days/wk
(med 46 days)

Othere e e 14/16 12 patients had a
complete response'

Crumpacker BMT Lung 10 (2-30 days)9 Prophylaxis after 4/7 1 responder died but
et al. (1988) BMTe was HCMV-negative

at autopsy; 3 patients
died of HCMV
pneumonia

D'Alessand ro LTh Liver 10 (10-14 days) 200 every other day 2/2 All patients had a
et al. (1989) Lung (3 doses) then 2/2 complete response'

200/wk while
hospitalised

de Hemptinne LTh Liver 10 (11-19 days) 10 ml/kg twice 6/7 3 patients had
et al. (1988) Lung weekly as 3/4 hepatitis and

prophylaxis pneumonia; 1 died
10 ml/kg/day although HCMV
treatment; infection was

contro lled

Emanuel et al. BMT Lung I; 7.5 (20 days)9 200 every 3wks as 8/10 7 patients had a
(1988) M; 5. 3-5 days/wk prophylax is; 500 complete response' ;

(20 doses) every other day 1 patient died after
treatment (~18 leukaemia relapse.

doses) Ganciclovir was
withdrawn in 2
neutropenic patients
who also
subsequently died

Hecht et al. RTh Lung 10(~14 days)9 Prophylax is8 1/2 1 patient died;
(1988) HCMV-posit ive at

autopsy

Reed et al. BMT Lung I; 7.5 (med 14 400 on days 0.2.7; 13/25 4 responders
(1988a) days) 200 on days 14.21 relapsed and died;

M; 5 (med 11 5 patients had a

days) complete response'

Schmidt et al. BMT Lung I; 10 (med 21 I; 500 every other 11/13 2 patients died of
(1988) days) day (med 21 days) HCMV pneumonia; 2

M; 5. 5 davs/wk M; 500/wk responders also died
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Table VIII. Contd
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Reference Reason for
immuno
logical
compromise

Site of HCMV
infection

Ganciclovir

[mg/kg/day)
(duration)b

Cytomegalovirus
immune globul in
(mg/kg)C

Clinical Comments

response to
therapy<!

Thomson & BMT Lung
Jeffries (1989) Other" Lung

Verdonck et
al. (1989)

Wreghitt
(1989)

BMT

HLT

Lung

Lung

5-11 (4-24 days)9 e 1/4
3/5 Not transplant

recipients
7.5 (20 days) 400 on days 0.4,8: 3/4 1 patient died of

200 on days 12.16 HCMV pneumonia
after 2 days of
treatment : 3
responders died after
HCMV cultures
became negative

10 (6-28 days) 1 ampoule every 3/3
7-10 days
prophylacticallye

a As stated by the authors - usually defined as life-threatening.
b Induction therapy usually administered in 2 or 3 divided doses per day.
c mg/kg unless otherwise indicated. Some studies stated that patients received 'hyperimmune' cytomegalovirus globulin . Efficacy

of each preparation may vary according to the source .
d Includes part ial and complete responde rs.
e Full details not provided .
f Usually defined as resolution of all symptoms, ability to resume normal activities and/or long term survival.
g Dosage modified according to haematological parameters and/or renal function.
h Immunosuppressive therapy was decreased or withdrawn.

Plasma from immunised donors.
Abbreviations: BMT = bone marrow transplant: LT = liver transplant: RT = renal transplant: I = induct ion therapy : M = maintenance
therapy ; med = median: HLT = heart-lung transplant recipients .

& Dieterich 1986; Erice et al. 1987; Laskin et al.
1987b).

Cytomegalovirus pneumonia has also been
treated successfully with ganciclovir in small num
bers of pat ients with various other causes of im
munological compromise (table VII).

4.2.2 Combination Therapy with Ganciclovir
and Cytomegalovirus Immune Globulin
Severe human cytomegalovirus pneumonia is

often associated with a poor clinical outcom e de
spite apparent clearing of infection. This is partic
ularly common in bone marrow transplant recip
ients in whom immune function is profoundl y
depressed initially. Cytomegalovirus immune glob
ulin or 'hyperirnmune' cytomegalovirus globulin

has been administered prophylactically or concom
itantly with ganciclovir to transplant recipients in
an attempt to modify the immunopathological re
sponses thought to be associated with the devel
opment of interstitial pneumonitis (table VIII).

Ganciclovir combined with 'aggressive' cyto
megalovirus immune globulin therapy appears to
improve clinical outcome compared with relatively
low dose prophylactic therapy. Thus , Emanuel et
al. (1988) compared results in 10 patients receiving
comb inat ion therapy with those of II historical
controls consisting of similar bone marrow trans
plant recipients who received monotherapy with
ganciclovir 5 mg/kg twice daily for 14 to 21 days
(n = 2; table VII), or hyperimmune cytomegalo
virus globulin (n = 5) or standard immune glob-
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ulin (n = 4) 400 rug/kg/day for IO days. All control
patients died within 2 to 42 days of pneumonia
onset and cytomegalovirus pneumonia was con
firmed in the 9 patients who underwent autopsy .
In this study the survival of patients receiving gan
ciclovir and hyperimmune cytomegalovirus glob
ulin was significantly (p = 0.001) improved over
that of the historical controls. Similarly, Reed et
aI. (I988a) compared patients receiving combina
tion therapy (table VIII) with 89 similar historical
controls who had received vidarabine, leucocyte
interferon, vidarabine and interferon , aciclovir,
aciclovir and interferon, aciclovir and vidarabine,
ganciclovir alone, ganciclovir plus corticosteroids,
or cytomegalovirus immune globulin alone for in
itial episodes of cytomegalovirus pneumonia fol
lowing bone marrow transplantation, and also
found that ganciclovir in combination with cyto
megalovirus immune globulin significantly (p <
0.001) improved initial survival compared with all
other treatments. This study also noted that patients
surviving cytomegalovirus pneumonia following
ganciclovir plus cytomegalovirus immune globulin
combination therapy were significantly younger
than those who did not survive (mean age 25 vs
37 years; p = 0.002).

4.3 Cytomegalovirus Gastrointestinal Disease
and Hepatitis

The clinical profile and predominant distribu
tion of gastrointestinal human cytomegalovirus in
fection also varies in association with the under
lying immune defect. In patients with AIDS almost
any part of the gastrointestinal tract may be af
fected, with colitis appearing to be particularly
common. Oesophageal ulceration in association
with cytomegalovirus infection is found most fre
quently in patients with AIDS (Pinching 1989), al
though oesophageal involvement has also been re
ported in limited numbers of renal (Harbison et aI.
1988) and heart (Sinnott et aI. 1987) transplant re
cipients .

Although many patients with AIDS do not have
a complete response to ganciclovir therapy, cyto
megalovirus disease progression is usually arrested
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(Erice et aI. 1987). Patients not receiving ganciclo
vir usually have persistent infection (table IX;
Buhles et aI. 1988;Smith et aI. 1988). Patients with
AIDS who received maintenance therapy had a
lower rate of relapse than those who did not
(Chachoua & Dieterich 1986; Jacobsen et aI. 1988c)
and withdrawal of maintenance ganciclovir usually
resulted in relapse (Macdonald 1987). Jacobson et
aI. (1988d) also reported significant (p = 0.03) re
ductions in pain and diarrhoea recurrence in
patients receiving maintenance therapy immedi
ately after induction compared with those who did
not.

In the study reported by Dieterich et aI. (1988),
which included patients with AIDS and cytome
galovirus infection of the colon, oesophagus, stom
ach, small bowel, rectum and liver, no significant
differences in response to ganciclovir according to
the site of infection were observed. These patients
had received maximum other medical treatment
(for example Hj-receptor antagonists, sucralfate,
antacids) for more than 6 weeks before receiving
ganciclovir.

Unlike patients with AIDS, transplant recipi
ents and those with other causes of immunological
compromise generally do not require maintenance
ganciclovir therapy to prevent clinical relapse of
cytomegalovirus gastrointestinal or hepatic infec
tion, and complete responses are relatively com
mon in this patient group (table IX). Ganciclovir
has been successfully used in combination with cy
tomegalovirus immune globulin in liver transplant
recipients with cytomegalovirus hepatitis (table
VIII; D'Alessandro et aI. 1989; de Hemptinne et
aI. 1988).

4.4 CNS and Disseminated Cytomegalovirus
Infection

Human cytomegalovirus CNS infection often
occurs as disseminated cytomegalovirus disease,
and reports on the use of ganciclovir in this indi
cation are limited to a few small series or individ
ual case reports . Assessment of the efficacy of gan
ciclovir in this setting is complicated by the
difficulty of differential diagnosis of cytomegalo-
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virus CNS infection, particularly in patients with
AIDS where a variety of other aetiologies, includ
ing HIV encephalopathy, toxoplasmosis and cryp
tococcal meningitis are possible.

A relatively large number of investigators have
reported using ganciclovir in varying dosage sched
ules in I or a few patients with confirmed or sus
pected CNS cytomegalovirus infection (for exam
ple Graveleau et al. 1989; Henderly et al. 1987;
Jacobson et al. 1988a; Laskin et al. 1987a; Masdeu
et al. 1988; Metselaar & Weimar 1989; Miller et
al. 1988; O'Donnell et al. 1987; Snydman 1988).
While improvement was reported in a few patients
(Henderly et al. 1987; Metselaar & Weimar 1989;
O'Donnell et al. 1987), others failed to respond and
some worsened during ganciclovir administration
(see, for example, Laskin et al. 1987a). Thus, while
in the absence of other more effective treatments
further study may be merited to try and improve
the response to ganciclovir by identifying optimum
dosage schedules, at this stage its use in CNS cy
tomegalovirus infection is not established.

In a few heart (Keay et al. 1988) or liver (Elen
itsas & Cohen 1988; Stein et al. 1988) transplant
recipients receiving up to 10 rug/kg/day of ganci
clovir the outcome was mixed, and clear conclu
sions are not possible. However, Kotler et al. (1986)
retrospectively analysed results from 18 patients
with AID,S and disseminated cytomegalovirus in
fection who received ganciclovir 2.5 mg/kg 3 times
daily for 2 weeks then 6 rug/kg/day 5 days/week
(n = 12) increased to 5 mg/kg twice daily (n = 20),
and in some cases nutritional support. A similar
group of II historical controls who received exten
sive support therapy, including parenteral nutri
tional support in most cases (n = 8) were analysed
for comparison. Patients who received ganciclovir
had a significantly longer mean survival time com
pared with controls (162 vs 53 days; p < 0.005),
and a greater duration of survival as measured by
life-table analysis (p < 0.001). Progressive cyto
megalovirus infection was not implicated in the
death of any ganciclovir recipient (n = 12) and cy
tomegalovirus infection was rediagnosed within 2
months in 6 patients who discontinued gancic\ovir
therapy.
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4.5 Prophylactic Ganciclovir Therapy

Early diagnosis and treatment of human cyto
megalovirus infection appears to improve clinical
outcome, particularly in bone marrow transplant
recipients (section 4.2.1). This has led to specula
tion that prophylactic ganciclovir therapy may be
useful , especially in high-risk patient groups. This
hypothesis is being tested in a double-blind pla
cebo-controlled study in cytomegalovirus-sero
positive allogeneic bone marrow transplant recip
ients. Patients receive intravenous ganciclovir 2.5
mg/kg 8-hourly for I week immediately before do
nor marrow infusion, then 6 rag/kg/day 5 days/
week from when neutrophil count reaches 500 cells/
mrn ' to day 120 after transplant. Although the ef
ficacy of prophylactic ganciclovir has not yet been
determined, it does not appear to adversely affect
marrow engraftment (Winston et al. 1988).

5. Adverse Effects

Several factors confound the evaluation of ad
verse effects related to ganciclovir therapy. The
underlying cause of immunological compromise
may produce symptomatic effects. Many patients
receive multiple concomitant medications and/or
have other concomitant infections, and attributing
an adverse event to a single cause may be difficult.
Thus, the best way to evaluate the incidence and
nature of adverse effects associated with ganciclo
vir is to study large numbers of patients in placebo
controlled trials. Unfortunately results from such
studies are as yet unavailable and most data are
from uncontrolled trials and case reports. The pro
portion ofpatients treated with ganciclovir in whom
therapy is subsequently interrupted or withdrawn
because of adverse effects is estimated at 32% (data
on file, Syntex), although in many patients rein
troduction of ganciclovir or use of a lower dosage
regimen is later successful.

5.1 Haematological Effects

Following an intravenous infusion of 5 rug/kg,
peak plasma ganciclovir levels exceed the 1Cso for
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Table IX. Efficacy of intravenous ganciclovir in immunologically comprom ised patients with severea gastrointest inal and/or hepatic
human cytomegalov irus (HCMV) infection

References Site of HCMV Ganciclovir Initial clinical Comments
infection [mg/kg/day] responses

(duration)b (response after
relapse)d

Patients with acquired immune deficiency syndrome (AIDS)
Buhles et al. (1988); Upper GI I; 7.5 or 10 (14 days) 27/34 (1/1) Patients receiving M had a lower
Chachoua & Dieterich M; 5. 5 days/wk relapse rate than those not
(1986); Collaborat ive DHPG receiving M. Most relapsing patients
Treatment Study Group Lower GI I; 7.5 or 10 (10-20 68/82 (2/2) responded to repeat I therapy.
(1986); Dieterich et al. days) One study found no difference in
(1988); Erice et al. (1987); M; 5. 5 days/wk response according to disease site
Ho et al. (1989);
Jacobson et al. (1988d); Gle I; 10 (14 days) 24/28 (1/11)
Laskin et al. (1987a. Me
1987b); Lim et al. (1988);
Macdonald (1987); Masur
et at, (1986); O'Donnell
et at, (1987)
Smith et al. (1988); Gle None 2/17 Most contro l patients had persistent
Winston et al. (1988) infection. Response rate was

significantly lower than that of
patients receiving ganciclovir

Bach & Hedstrom (1987); Liver I; 7.5 or 10 (10-20 5/6
Dieterich et al (1988); days)
Erice et al. (1987) M; 5

Bone marrow transplant recipients
Erice et al. (1987); Reed Gle 3 or 7.5 (10-20 days) 14/18 No clinical relapse; 2 patients had
et al. (1988b) pulmonary infiltrates 21 days after

therapy; 1 died of HCMV
pneumonia; 2 patients had no
evidence of HCMV infection but
persistent GI symptoms - possibly
GvHD

Heart transplant recipients
Keay et al. (1988); Sinnott Upper GI 5-10 (;'10 days) 4/4 No clinical relapses
et al. (1987) Lower GI 7.5-10 (;'14 days) 1/2 1 patient died on day 8 of therapy;

1 patient died 8 days after therapy
but death was not attributed to
HCMV infection

Liver transplant recipients
Erice et al. (1987); Liver 7.5 (6-30 days) 14/19 No clinical relapses; 1 non-
Harbison et al. (1988); responder died on day 6 secondary
Ho et al. 1989; Paya et at, to erosive duodenitis - no HCMV-
(1988); Winston et al. duodenitis at autopsy; 1 non-
(1988) responder died on day 10.

Renal transplant recipients
Cantarovich et al. (1988); Upper GI 7.5 or 10 (7-30 days) 5/5 No clinical relapses although 2
Erice et al. (1987); patients died of other causes
Harbison et al. (1988); Lower GI 7.5 or 10 (6-19 days) 3/3 No clinical relapses
Paya et al. (1988);
Rostoker et al. (1988)
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Table IX. Contd
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References Site of HCMV
infection

Ganciclovir
[mg/kg/dayj
(duration)b

Initial clinical
response?

(response after
relapse)d

Comments

Renal transplant recipients (contd)
Metselaar & Weimar (1989) GI8

Cantarovich et al. (1988) ; Liver
Metselaar & Weimar
(1989) ; Paya et at. (1988)

Other immunologically compromised patients8

Buhles et at. (1988) Lower GI
Lower GI

Topiel et al. (1986) Lower GI/liver

1.5 or 10 (8 or 15

days)

7.5 or 10 (6-19 days)

7.5 or 10 (<>10 days)
7.5 or 10 (<>10 days)
7.5 (3 wks)

1/2

14/14

0/1

2/2
1/1

1 patient with concomitant HCMV
pneumonitis died after ganciclovir
was withdrawn because of severe
neutropenia
No clinical relapses

Transplant recipient

Patient with Crohn's disease
receiving steroids. No clinical
relapse

a As defined by the authors - usually life-threatening.
b Dosage scheduled to be received by most patients; usually adjusted according to haematological and/or renal parameters.
c Patients who had nonprogression/stabilisation, partial or complete response of HCMV disease.
d Where stated.
e Not fully defined.
Abbreviations: GI = gastrointestinal tract ; I = induction therapy; M = maintenance therapy; GvHD = graft vs host disease.

growth inhibition of human bone marrow colony
forming cells in vitro (section 2; section 3; Hen
derson 1989; Matthews & Boehme 1988). Thus,
some degree of bone marrow depression can be ex
pected to occur in patients receiving ganciclovir
therapy.

Neutropenia is the most frequent adverse effect
associated with ganciclovir therapy and is usually
defined as a greater than 50% decrease in absolute
neutrophil count from baseline or less than 1000
neutrophils/~l. In several studies it has been the
only adverse effect attributable to ganciclovir (see'
for example Harbison et al. 1988; Ho et al. 1989;
Kotler et al. 1986;Reed et al. 1988a).Development
of neutropenia appears to be associated with the
total dose of ganciclovir administered, usually oc
curring before a total cumulative dose of 200 mgf
kg has been given, although it may occur at any
time during induction or maintenance therapy. The
overall incidence of neutropenia in patients receiv-

ing ganciclovir is about 40% (Syntex, data on file),
with AIDS patients appearing more likely to de
velop neutropenia than other ganciclovir recipients
(Ho et al. 1989; Syntex, data on file). Occurrence
of neutropenia does not appear to be predicted by
pretreatment absolute neutrophil count or ganci
clovir dosage regimen (Buhles et al. 1988; Holland
et al 1987; Syntex, data on file). Although the in
cidence of neutropenia has been slightly reduced
in patients receiving ganciclovir 2.5 mg/kg 3 times
daily compared with those receiving 5 mgfkg twice
daily in some studies (see for example Winston et
al. 1988), this probably reflects the higher cumu
lative dosage with time in the latter patients. Para
doxically, in some patients a rise in neutrophil
counts has been observed during ganciclovir
therapy, including patients considered mildly neu
tropenic before treatment (Reed et al. 1988b; Stof
fel et al. 1988; Verdonck et al. 1989). However,
intravenous ganciclovir administration is not rec-



630

ommended if absolute neutrophil count is below
500/~1 (Syntex, data on file).

Increased risk of bacterial infection is an im
portant clinical consequence of neutropenia in gen
eral; however, the incidence of bacterial infection
associated with ganciclovir-induced neutropenia is
difficult to determine as these patients are often
already severely immunocompromised. There have
been several reports of patients developing super
infections while neutropenic as a result of ganci
clovir treatment (see for example Buhles et al. 1988;
Reed et al. 1988b), although other investigators
have not found an association between leucopenia
and bacterial sepsis or other opportunistic infec
tions (Dieterich et al. 1988).

Thrombocytopenia, usually defined as a platelet
count below 50 000/~I, occurs in about 20% ofgan
ciclovir recipients overall (Syntex, data on file) but
more frequently where AIDS is not the underlying
cause for being immunocompromised (Buhles et
al. 1988; Syntex, data on file). In addition, patients
with initial platelet counts below 100 000/~1 appear
to have an increased risk of developing thrombo
cytopenia during ganciclovir therapy (Syntex, data
on file), although in some studies patients who in
itially had mild thrombocytopenia had an increase
in platelet counts during ganciclovir treatment
(Harbison et al. 1988; Snydman 1988). Upper gas
trointestinal bleeding developed in I patient in
whom platelet counts had decreased from 337000
to 1000/~1 following 6 days' treatment with gan
ciclovir 2.5 mg/kg 3 times daily for cytomegalo
virus retinitis. Despite stopping ganciclovir and
whole blood and platelet transfusions, the patient
remained thrombocytopenic, developed vitreous
and intracranial haemorrhages, and subsequently
died. It was suggested that acid-fast bacilli , dem
onstrated in the bone marrow prior to ganciclovir
therapy, may have sensitised the patient to
thrombocytopenia (Robinson et al. 1989).

Other haematological adverse effects of ganci
clovir therapy include anaemia, which is estimated
to occur in about 2% of patients (Bailleul 1988;
Buhles et al. 1988; Jacobson et al. 1988c; Syntex ,
data on file) and eosinophilia which has been re
ported in several patients (Buhles et al. 1988; Col-
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laborative DHPG Treatment Study Group 1986).
Pure red cell aplasia has been observed in I bone
marrow transplant recipient receiving ganciclovir
(Emanuel et al. 1988) and haemol ysis has been re
ported in 2 other patients (Thomson & Jeffries
1989). Leucopenia also occurs in some patients al
though this is usually mild and may reflect reduced
numbers of specific cell populations (for example ,
neutrophils) (Cantarovich et al. 1988; Dieterich et
al. 1988; Harbison et al. 1988; Laskin et al. 1987a,
b; Thomson & Jeffries 1989; Watson et al. 1988].

In general , the adverse haematological effects of
ganciclovir are rapidly reversible following treat
ment withdrawal, with evidence of recovery usu
ally observed within 3 to 7 days (Syntex, data on
file). However, in addition to the patient with sev
ere thrombocytopenia described above , irrevers
ible neutropenia has been described in a patient
who subsequently died of sepsis (Buhles et al. 1988).
Withdrawal of ganciclovir is usually associated with
progression of cytomegalovirus disease , so in some
patients with haematological adverse effects dis
continuation of concomitant myelotoxic drugs (for
example azathioprine; see Nicholson et al. 1988),
or in patients with cytomegalovirus retinitis
switching to intravitreal ganciclovir administration
(section 4.1.2), has been favoured as an alternative
to withdrawal. In addition, recombinant human
GM-CSF has been administered concomitantly
with ganciclovir in some patients in an attempt to
modify development of neutropenia (section 4.1.1;
Fouillard et al. 1989).

5.2 Other Adverse Effects

There have been numerous reports of other ad
verse effects in patients receiving ganciclovir
therapy, although the establishment of a clear caus
ative relationship is usually difficult.

Adverse events involving the CNS have been
reported in about 5% of patients (Syntex, data on
file), and have included confusion, seizures, ab
normal thinking, psychosis, hallucinations, mental
status changes, nightmares, anxiety , tremor, dys
aesthesia, ataxia, coma, headache and somnolence
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(Buhles et al. 1988; Chachoua & Dieterich 1986;
Collaborative DHPG Treatment Study Group 1986;
Dieterich et al. 1988; Jabs et al. 1987; Keay et al.
1987, 1988; Orellana et al. 1987; Snydman 1988;
Thomson & Jeffries 1989; Syntex, data on file).
Several of these patients had concomitant toxo
plasmosis and I patient was hypoxic prior to gan
ciclovir infusion (Chachoua & Dieterich 1986; Die
terich et al. 1988; Keay et al. 1987).

Fever, rash and abnormal liver function values
are each reported to occur in about 2% of ganci
clovir recipients (Syntex, data on file). Retinal de
tachment has been reported in patients with cy
tomegalovirus retinitis receiving ganciclovir therapy
but this could be attributable to retinal scarring in
some cases (Holland et al. 1987; Rosecan et al.
1986; Ussery et al. 1988; Syntex, data on file), with
spontaneous reattachment reported in I patient
after ganciclovir withdrawal (Orellana et al. 198ft).
Other reported adverse effects which mayor may
not be associated with ganciclovir therapy and oc
cur in 1% or fewer of patients include chills, oed
ema, infection, malaise, arrhythmia, changes in
blood pressure, nausea, vomiting, anorexia , diar
rhoea, dyspnoea, decreased blood glucose, alo
pecia, decreased kidney function and inflamma
tion , pain or phlebitis at the infusion site (Buhles
et al. 1988; Emanuel et al. 1988; Keay et al. 1987;
1988; Shepp et al. 1985; Watson et al. 1988; Syn
tex, data on file).

Adverse effects reported in patients receiving
intravitreal ganciclovir therapy include local for
eign body sensation, conjunctival haemorrhage or
mattering, mild conjunctival scarring, scleral in
duration, bacterial endophthalmitis (usually sta
phylococcal) and retinal detachment (Buchi et al.
1988;Cantrill et al. 1989; Harris & Mathalone 1989;
Heinemann 1989; Ussery et al. 1988). Although not
observed clinically, animal data indicate ganciclo
vir may inhibit spermatogenesis and fertility (Syn
tex, data on file). While no significant changes in
serum gonadotropic hormone levels were observed
in 32 men during ganciclovir therapy (Dieterich et
al. 1988), caution is recommended in this regard
(section 7).
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6. Drug Interactions

Generalised seizures have been noted in 6
patients receiving imipenem/cilastatin with ganci
clovir and potential risks and benefits should be
weighed in patients in whom this combination is
proposed (Syntex, data on file). Zidovudine and
ganciclovir have overlapping toxicity profiles with
respect to adverse haematological effects and con
comitant treatment with recommended dosages of
these agents is not advocated by the manufacturers
- pancytopenia has been noted in I patient receiv
ing oral zidovudine and intravenous ganciclovir in
combination, with the 2 drugs exhibiting additive
or synergistic myelosuppressive effects (Jacobson
et al. I988a). Similarly, it is not recommended that
drugs such as dapsone, pentamidine, flucytosine,
vincristine, doxorubicin, amphotericin B, tri
methoprim/sulpha combinations or other nucleo
side analogues, which inhibit the replication of rap
idly dividing cell populations, including bone
marrow, spermatogonia, and cutaneous and gas
trointestinalgerrninal layers, be administered con
comitantly with ganciclovir unless potential bene
fits outweigh the risks. Finally, drugs such as
probenecid , which inhibit renal tubular secretion
or resorption may reduce the renal clearance of
ganciclovir resulting in elevated plasma levels
(Syntex, data on file).

7. Dosage and Administration

In immunocompromised patients with cyto
megalovirus infection early diagnosis and prompt
initiation of therapy may improve the response to
ganciclovir. Ganciclovir should be administered as
a I-hour intravenous infusion; rapid or bolus in
jection may result in excessive plasma concentra
tions causing increased toxicity or nephrotoxicity
as a result of drug deposition , whereas subcutan
eous or intramuscular administration may result in
tissue irritation because of the high pH ("" 11) of
the ganciclovir solution. In patients with normal
renal function ganciclovir 5 mg/kg every 12 hours
or 2.5 mg/kg every 8 hours, for 14 to 21 days is
recommended initially, with maintenance regi-
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Table X. Adjustment of intravenous ganciclovir dosage regimen
during induction therapy according to creatinine clearance
(manufacturer's recommendations)

a Creatinine clearance for males = ([140 - age (yrs)) [body
weight (kg)) x 1.73/body surface area [m2J)/(72) [serum cre
atinine (mg/dl)). Creatinine clearance for females = 0.85 x
male value.

Creatinine clearance s Ganciclovir dose
(ml/1.73m2/min) (mg/kg)

;;>80 5,0
50-79 2.5
25-49 2.5
<25 1.25

Dose interval
(hours)

12
12
24
24

reproductive toxicity, patients of reproductive age
should practise effective contraception during
treatment, and in men for 90 days after completing
therapy .

Intravitreal ganciclovir administration remains
largely experimental although results have been
promising. 200 to 400~g once or twice weekly for
3 weeksduring induction therapy, then once weekly
during maintenance were the most common dos
ages studied (section 4.1.2).

8. Place 0/ Ganclclovir in Therapy

mens of 5 rug/kg/day, or 6 rug/kg/day 5 days/week.
Patients who experience progression while receiv
ing maintenance therapy can be retreated with the
induction regimen. Indefinite maintenance therapy
is usually required in patients with AIDS, whereas
bone marrow transplant recipients may require
ganciclovir maintenance therapy for a year or more
(until immune system reconstitution) to prevent
disease progression or recurrence.

In patients with renal impairment, ganciclovir
dosage regimens should be adjusted according to
creatinine clearance (table X). In general, renal
function should be monitored at least fortnightly
in ganciclovir recipients. However, Metselaar and
Weimar (1989) suggest that rather than reducing
the dosage in patients with renal impairment, the
dose interval should be prolonged, as the currently
recommended reductions may result in inadequate
peak ganciclovir concentrations. Ganciclovir is re
moved during haemodialysis and has been suc
cessfully used in such patients (section 3.4; Met
selaar & Weimar 1989).

Haematological monitoring should be per
formed frequently during therapy and ganciclovir
should be withheld if neutrophil count falls below
500/~1 or platelet count falls below 25 OOO/~l. Gan
ciclovir should be used during pregnancy only if
expected benefit outweighs the potential risk to the
fetus and it is recommended that nursing be dis
continued until at least 72 hours after the last dose.
Because of the probability of carcinogenicity and

Ganciclovir should be considered a first-line
therapy in immunocompromised patients with life
or sight-threatening cytomegalovirus infection.
Within this context ganciclovir has generallyproved
effective, although the degree of response varies ac
cording to disease site and the underlying aetiology
of immunocompromise, and efficacy is not well es
tablished in some indications (CNS infections).
Patients with cytomegalovirus pneumonia, partic
ularly bone marrow transplant recipients, appear
to benefit from the concomitant administration of
ganciclovir and cytomegalovirus immune globulin,
with a reduction in the incidence and severity of
interstitial pneumonitis which may occur despite
apparent virological cure. Following treatment of
an acute infection, maintenance therapy may be
required (especially in AIDS patients and bone
marrow recipients) to maintain viral suppression,
as ganciclovir (like other antiviral drugs) does not
eradicate latent viral infection.

Close patient monitoring is essential to reduce
the incidence of haematological toxicity, which is
a limiting factor in ganciclovir therapy. Further
more, the long term effects of prolonged ganciclo
vir administration have not been fully determined.
These factors currently preclude the use of ganci
clovir in less severe infection, congenital or neo
natal disease, or cytomegalovirus infection in non
immunocompromised patients. However,
preliminary results suggestconcomitant use of hae
mopoietic growth factors may modify the toxicity
profile of ganciclovir, possibly permitting wider
clinical application in the future.
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Prospective comparative studies of ganciclovir
and other antiviral agents have not been reported,
but until recently other treatments for cytomega
lovirus infections in immunocompromised patients
met with min imal success (Reed et al. 1988a).
However, foscarnet has recently been found to be
useful in treating cytomegalovirus retinitis in AIDS
patients. Although it may cause other adverse ef
fects, it does not appear to produce significant
myelosuppression which may offer advantages in
AIDS pat ients receiving zidovud ine (reviewed in
Jacobson & Mills 1988).Thus , comparative studies
of ganciclovir and foscarnet will be awaited with
interest.

In conclusion, ganciclovir has a firmly estab
lished role in the treatment of severe cytomegalo
virus infections in immunocompromised patients
although trials comparing or combining ganciclo
vir with other anti viral agents are awaited to fur
ther define its place in therapy.
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