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Abstract Herpesvirusinfections areimportant after stem cell and organ transplant. Dur-

ing the last decades severa antiviral agents have been introduced with efficacy
against herpesviruses. These agents are the nucleoside analogues aciclovir,
valaciclovir, famciclovir, and ganciclovir; the nucl eotide anal ogue cidofovir; and
the pyrophosphate anal ogue foscarnet. Several studies have been performed with
antiviral agents with the aim to reduce morbidity and mortality associated with
herpesvirus infections in transplant recipients. Aciclovir and vaaciclovir have
been examined in randomised, controlled trialsin both solid organ and stem cell
transplant patients, and were shown to be very effective for the prevention of
herpes simplex virus (HSV) and varicella-zoster virus infections. In addition,
these drugswere shownto reduce cytomegal ovirus (CMV) infection and improve
survival in alogenic stem cell transplant patients and to reduce CMV infection,
CMYV disease (aciclovir and valaciclovir), and acute rejection (valaciclovir) in
renal transplant patients. Ganciclovir isvery effective for the prevention of CMV
infection and disease in both stem cell and solid organ transplant recipients. It
can aso be used in preemptive strategies in which the aim is to prevent CMV
disease in patients who have ongoing CMV infection documented by antigenae-
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miaor detection of CMV DNA. Thelatter strategy has the advantage of reducing
the exposure to the drug and thereby therisk for toxicity. Foscarnet has also been
shown to be effective as preemptive therapy for CMV in alogenic stem cell
transplant patients and as therapy for aciclovir-resistant HSV infections. Finaly
cidofovir is an interesting agent with broad spectrum antiherpesvirus efficacy.
However, because of the drug’s toxicity profile, further studies are needed.

Herpesvirus infections are important complica-
tions after solid organ and stem cell transplantation.
Herpes simplex virus (HSV), varicella-zoster virus
(VZV), cytomegaovirus (CMV), and Epstein-Barr
virus (EBV) have all been associated with morbid-
ity and mortality in transplant recipients. Theroles
as pathogens of the recently discovered members
of the human herpesvirus family types 6, 7 and 8
(Kaposi’'s sarcoma herpesvirus) are being investi-
gated. Thefirst preventive measure that proved ef-
fective against CMV in transplant recipients was
immunoglobulin (not reviewed in this paper).
However, during thelast 2 decades major advances
have been achieved regarding the prevention of
herpesvirus infections and disease by antiviral drugs
and these are reviewed in this paper.

Currently available drugs with anti-herpesvirus
efficacy are aciclovir and the prodrug valaciclovir,
penciclovir with the prodrug famciclovir, gancic-
lovir, cidofovir, and foscarnet. All available drugs,
except for foscarnet, require phosphorylation by viral
or cellular enzymes to become activated. Of these
agents, aciclovir, valaciclovir, ganciclovir and fos-
carnet have been used in controlled trials for the
prevention of herpesvirus disease in transplant re-
cipients. Famciclovir has been used extensively in
non-immunocompromised hosts and cidofovir has
been used as therapy of CMV retinitis in patients
with HIV infection. Since a very large number of
studies have been performed with aciclovir and
ganciclovir, this review only includes randomised,
controlled studies with these agents.

1. Aciclovir and Valaciclovir

The first antiviral drug that was used in large,
prospective, randomised trials in transplant pa-
tients was aciclovir. Valaciclovir is the valin-ester
of aciclovir and is converted to aciclovir in the gut

0 Adis International Limited. All rights reserved.

mucosa. Since the active substance isthe same, the
2 drugs are covered together in this review. Acic-
lovir isfirst phosphorylated to monophosphate by
aviral enzyme (thymidinekinasein HSV and VZV
and the gene product of UL97 in CMV). The sec-
ond and third phosphorylations are performed by
cellular kinases. The aciclovir triphosphate is then
incorporated in viral DNA and acts as an obligate
chain terminator.

1.1 Herpes Simplex

HSV diseaseiscommon after solid organ and stem
cell transplantation. Before the introduction of
aciclovir, HSV disease occurred in 70 to 80% of
seropositive blood and marrow transplantation re-
cipients. HSV diseaseisalso important in lung and
heart/lung transplant patients, whereasiit is of less
importance in other solid organ transplant recipi-
ents.

Several randomised, controlled trids of aciclovir
prophylaxis in stem cell transplant (SCT) recipi-
ents have been published. The main points that
came out of these trials were:

» Aciclovir 5 mg/kg (250 mg/m?) given intrave-
nously every 8 to 12 hours during the early
neutropenic period after allogenic SCT almost
entirely eliminated HSV disease.[*3]

» When aciclovir was given orally instead of in-
travenously during the early neutropenic phase,
breakthroughs of HSV disease were seen, usu-
ally caused by poor compliance with oral med-
ication.[4l

» HSV disease was common when prophylaxiswas
discontinued early after transplantation,%:26:7]
whereas prolonged therapy was highly effective
in reducing clinically important HSV disease.[38
The results of these trials were translated into a
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treatment strategy that hasremai ned unchanged for
more than adecade in most allogenic SCT centres.

In contrast to the situation in allogenic SCT re-
cipients, only few trials have been performed in
solid organ transplant reci pients. Two randomised,
controlled trials showed high efficacy of aciclovir
for the prevention of HSV diseasein renal transplant
patients.[%19 Two studies comparing aciclovir-
treated groups with untreated historical control
groups have been published. Carrier et al.[*1l per-
formed a study in heart transplant recipients and
Payaet al.['? inliver transplant patients. Both stud-
ies showed less HSV disease in patients receiving
aciclovir. In addition, studies with high dose acic-
lovir with the aim of preventing CMV have been
performed in organ transplant patients. No control-
ledtrial of valaciclovir asprophylaxisagainst HSV
has been published in transplant recipients. How-
ever, the study by Lowance et al.[%3] (reviewed in
section 1.3.2) showed that high dosevalaciclovir (for
CMV prevention) effectively prevented HSV reac-
tivation in renal transplant recipients.

Treatment of HSV disease in immunocompro-
mised patients can select for resistant strains. Al-
though aciclovir has now been in extensive use for
morethan 15 years, there hasonly been amoderate
increase in the detection rate of aciclovir-resistant
strains.[14-18] |t has been suggested that prophylaxis
isless likely to select for resistant strains than re-
peated short treatment courses.!'”] Foscarnet isthe
drug of choice for aciclovir-resistant strains.!8l
However, there is no indication for HSV-prophy-
laxis with foscarnet in transplant recipients.

1.2 Varicella-Zoster

Primary VZV infection (varicella) isavery se-
vere complication to both SCT and organ transplant
patients. Because of the epidemiological pattern of
infection, the risk is highest in children. The rec-
ommended prophylactic options are varicellavac-
cine and varicella zoster immunoglobulin. There
are no published data regarding antiviral chemo-
prophylaxis after exposureto VZV.

Reactivated VZV infections (herpes zoster;
shingles) are common after both autologous and
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allogenic SCT, and can occur in solid organ trans-
plant recipients. In contrast to HSV, which reacti-
vatesrapidly with disease occurring during thefirst
few weeks after transplantation, the peak risk of
herpeszoster isbetween 3 and 6 months after trans-
plantation. Thus, the duration of antiviral prophy-
laxis must be long to prevent reactivated VZV dis-
ease. Two randomised, controlled studies have been
performed comparing 6 months of prophylactic
aciclovir with placebo.l319 Both studies showed
that aciclovir was effective in reducing therisk for
herpes zoster during the 6 months of therapy, but
12 months after transplantation therewasno longer
any difference. Thus, thereisno obviousadvantage
of aciclovir as prophylaxis against reactivated
VZV diseasein allogenic SCT recipients although
it could be argued that it might be beneficia to
postpone the reactivation to a time when the pa-
tients are less immunosuppressed and therefore
less likely to devel op severe complications. How-
ever, this assumption has not been proven.

Valaciclovir has not been studied for VZV pro-
phylaxis, but there were no cases of VZV disease
in the valaciclovir arm in the study by Lowance et
al.,[13l when valaciclovir was given as CMV pro-
phylaxis.

1.3 Cytomegalovirus (CMV)

Aciclovir hasonly limited activity against CMV
when tested in vitro and it was debated for along
period whether it could be phosphorylated into ac-
tivetriphosphatein CMV-infected cells. However,
it has now been shown that a CMV enzyme UL97
is capable of thefirst critical phosphorylation step
to monophosphate.[29.211 Thefirst publication indi-
cating an activity of aciclovir against CMV in al-
logenic SCT patients was by Gluckman et al.[%! In
this study, a low dose of aciclovir 200mg 4 times
daily was shown to reduce the risk for CMV dis-
ease. This observation has never been confirmed.
Because of the poor in vitro activity of aciclovir,
other studies investigated the efficacy of higher
dosages. Meyers et a.[22l compared the risk for
CMV diseasein 2 patient cohortsstratified by HSV
serologic status. Patients who were HSV seropos-
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Table I. Randomised trials of the use of aciclovir (ACV) as prophylaxis for cytomegalovirus (CMV).

Reference Design Aciclovir dosage Patient population Number of Results
(mg/day) patients
Balfour et al.[®! Randomised, double-blind, 800-3200 Renal transplant 104 ACV reduced CMV
placebo-controlled patients disease. Best effect
in D+/R-
Rostaing et al.[?6] Randomised ACV vs ACV + 3200 Renal transplant 28 No difference in
CMV Ig (D+/R-) patients viraemia or CMV
disease
Kletzmayr et al.[?] Randomised open study 800-3200 for 12 weeks Renal transplant 32 No difference in
(D+/R-) patients CMV disease
Gavalda et al.l?®! Randomised, open study 2000 for 16 weeks Liver transplant (R+) 73 ACV reduced CMV
patients disease

D+ = donor positive; Ig = immunoglobulin; R— = recipient negative.

itive were given aciclovir 500 mg/m? 3 times daily
from 5 days before to 30 days after allogenic SCT,
while patients who were HSV seronegative received
no therapy. The results of this study were that acic-
lovir reduced the risks for CMV infection, CMV
disease, and improved survival compared with no
therapy. However, the study by Meyers et al.[22
was not arandomised, controlled study and it could
be argued that some selection bias might have in-
fluenced theresults. Therefore, alarge randomised,
controlled study was performed by Prentice et
al .[2324 This study had 3 arms:
 Aciclovir 500 mg/m? 3 times daily from 5 days
before to 30 days after alogenic SCT followed by
ora aciclovir 800mg 4 times daily for 6 months.
 Aciclovir 500 mg/m? 3 times daily from 5 days
before to 30 days after allogenic SCT followed
by placebo.
» Aciclovir 200 to 400mg 4 times daily for 1
month followed by placebo.

The study showed that CMV viraemia was de-
layed and survival improved in the arm receiving
intravenous followed by oral aciclovir while the
risk for CMV disease was the same compared with
the low dose aciclovir/placebo arm. Thus, these 2
studies clearly showed that high dose aciclovir has
some effectivenessasprevention of CMV infection
and has an effect on survival in allogenic SCT re-
cipients.

1.3.1 Solid Organ Transplant
Aciclovir as prophylaxis against CMV has been
tested in several controlled trials in organ trans-
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plant patients. The studies comparing aciclovir
with ganciclovir are reviewed in section 3.

One problem with most randomised studies com-
paring aciclovir with either placebo or immuno-
globulin isthe low number of patients. A summary
of the results of these studies is presented in table
| and shows an effect of aciclovir in reducing CMV
disease in organ transplant recipients.

1.3.2 Valaciclovir as CMV Prophylaxis

Based on the results with aciclovir, valaciclovir
has been studied as CMV prophylaxisbothin solid
organ and allogenic SCT recipients. Lowanceet al.[13]
compared valaciclovir 2000mg 4 times daily with
placebo in a randomised controlled trial in renal
transplant patients. 616 patients were included in
the study approximately two-thirds R+ and one-
third D+/R. Similarly to previously published re-
sults with aciclovir, valaciclovir reduced the risk
for CMV disease in high risk D+/R patients (3 vs
45% at 90 days after transplantation). Therisk was
also lower in R+ patients (0 vs 6%). The most in-
teresting finding, however, was that the risk for
acute rejection was significantly reduced (26 vs
52%) in the D+/R group supporting previous find-
ings that CMV has a role in the pathogenesis of
acute rejection.

Recently, a randomised, controlled study has
been performed comparing intravenous aciclovir
followed by valaciclovir withintravenousaciclovir
followed by oral aciclovir. The study has only been
reported in abstract form, but the results show an
additional reduction of CMV infection and virae-
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mia, reduction of the need for pre-emptive therapy,
but no difference in survival in patients treated
with valaciclovir compared with aciclovir.[2?l The
results of these studiesimply that aciclovir can be
safely used asan anti-CMV agent but that aciclovir
prophylaxis must be combined with a strategy of
pre-emptive therapy based on antigenaemia or
polymerase chain reaction (PCR) [see section
3.1].139

1.4 Epstein-Barr

EBV is important as the cause of lymphopro-
liferative disease (PTLD) in SCT and organ trans-
plant patients. Aciclovir has some efficacy against
EBV invitro and in patients with infectious mono-
nucleosis.[31-33 No controlled study has been per-
formed with the aim to prevent EBV PTLD. How-
ever, a few uncontrolled studies have suggested
some effect with high dose aciclovir with or with-
out a combination with pre-emptively given gan-
ciclovir for thereduction of risk for EBV PTLD.[34-36]

2. Penciclovir and Famciclovir

Penciclovir is a nucleoside analogue that is ef-
fective against HSV and VZV. It is not absorbed
and can therefore only be given intravenously.
Famciclovir isaprodrug of penciclovir and can be
given orally. Considering the results in immune
competent individuals, it is likely that penciclovir
and famciclovir would also be effective against
HSV and VZV in transplant patients. However, no
study with penciclovir or famciclovir as prophy-
laxis against HSV and VZV has been published in
this setting.

3. Ganciclovir

Ganciclovir is anucleoside analogue that in vitro
iseffectiveagainst CMV, HSV, VZV, EBV and hu-
man herpesvirustype6. However, controlledtrials
have only been performed with ganciclovir given
for prevention of CMV. Ganciclovir can be given
both intravenously and orally. In transplant pa-
tients, 2 different strategies for CMV prevention
can be used either prevention of infection (prophy-
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laxis) or prevention of disease after CMV infection
has been detected (pre-emptive therapy).

3.1 Stem Cell Transplant Recipients

Ganciclovir’'s main adverse effect is bone mar-
row suppression. Therefore, ganciclovir cannot be
given to SCT patients during the immediate post-
transplant phase when the patients are aplastic be-
cause of the preparatory regimen, but must be started
after marrow engraftment has occurred. Two ran-
domised, placebo-controlled trials have been per-
formed in SCT patients.[37:38] The designs of the
studieswere slightly different but the results of the
2 studies were similar with ganciclovir reducing
CMV infection in both. In the study by Goodrich
et al.,[37 ganciclovir reduced therisk for CMV dis-
ease, while in the study by Winston et al.[38] there
was atrend in favour of ganciclovir. Neither study
showed any difference in mortality, and in both
studies, ganciclovir induced neutropenia. Thus,
ganciclovir given at engraftment is an effective
strategy for the prevention of CMV infection dur-
ing the time the prophylaxisis given.

When ganciclovir is given at engraftment and
continued for several weeks, a particular problem
in SCT patientsistheincreased risk for CMV dis-
ease because of poor CM V-specificimmunerecon-
stitution.[3% An alternative strategy istherefore not
to give ganciclovir until a CMV infection is de-
tected, i.e. pre-emptive therapy. This strategy has
been tested in randomised controlled trials. Good-
rich et al.[40 studied the effect of ganciclovir given
after detection of CMV by rapid virus isolation
from any site and showed that ganciclovir reduced
the risk for CMV disease both during ganciclovir
therapy and after discontinuation of the drug.
Schmidt et al.[4Y compared ganciclovir with no
therapy when CMV was detected from broncho-
alveolar lavage and showed areduction in the rate
of CMV pneumonia. During the last decade, new
more rapid diagnostic tests for CMV such as anti-
genaemia and PCR have been introduced. Einsele
et a.[“2 showed in a randomised study that pre-
emptivetherapy based on CMV diagnosed by PCR
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was more effective than when based on rapid iso-
[ation.

Today both strategies are widely used in SCT
patients. Boeckh et al.l*3 compared pre-emptive
therapy with ganciclovir prophylaxis started at en-
graftment. Thisstudy showed that therisk for CMV
disease at 100 days was significantly lower in the
ganciclovir at engraftment group, whereas there
was no difference at 180 days because of an in-
creased risk for late CMV disease in the group
treated at engraftment. An advantage with pre-
emptive therapy is that fewer patients are exposed
to the toxic adverse effects of ganciclovir, in par-
ticular, the bone marrow suppression. Salzberger et
al.[*4 showed that neutropenia (<1.0 x 10%L) de-
veloped in 41% of patientsreceiving ganciclovir at
engraftment and that ganciclovir-induced neutro-
peniawas an independent risk factor for mortality.

Oral ganciclovir has only been studied in SCT
patients in a small phase I/11 trial .[43 Gastrointes-
tinal adverse effectsrequiring drug discontinuation
were common. However, the antivira efficacy must
be assessed in arandomised controlled trial.

3.2 Solid Organ Transplant Recipients

Several studies have been performed with gan-
ciclovir in solid organ transplant patients. Table Il
shows a summary of studiesin which ganciclovir
has been given as prophylaxis against CMV infec-
tion.

The studies have different designs comparing
ganciclovir with either placebo or high dose aciclo-
vir. Most placebo-controlled studies showed that
ganciclovir reduced the risk for both CMV infec-
tion and disease. Ganciclovir also reduced therisk
for CMV infection and disease compared with
aciclovir in most studies. Thiswas also the case in
astudy of oral ganciclovir.[47]

In a randomised trial, Hertz et al.[> compared
daily versus prophylactic ganciclovir given 3 days
per week in heart and heart-lung transplant recipi-
ents. Thisstudy showed aslight survival difference
in the daily ganciclovir arm. However, there was
no differencein therisksfor CMV infection or dis-
ease between the 2 study arms.
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Singh et al.l®! compared high dose aciclovir
with pre-emptive ganciclovir therapy based on sur-
veillance culturesin liver transplant patients. Pre-
emptive ganciclovir reduced therisk for CMV dis-
ease to 4% compared with 29% in the aciclovir
group (p < 0.05).

4. Foscarnet

Foscarnet is a pyrophosphate analogue that has
been available for more than 15 years. Although it
has a broad antiviral activity against most herpes-
viruses, it has been used as a prophylactic agent
only against CMV in SCT recipients.

4.1 Prevention of Infection

Only 1 very small randomised, controlled study
has been performed with foscarnet in SCT pa-
tients.[58 This study was interrupted prematurely
because of CMV disease in the foscarnet arm.
There have also been 2 uncontrolled dose-finding
studies performed.[57581 Although both studies
showed a low risk for CMV reactivation, no con-
clusions regarding efficacy can be drawn because
of the uncontrolled nature of these studies.

4.2 Prevention of Disease

Inasmall randomised study (39 patients), Moretti
et a.[59 compared ganciclovir and foscarnet as pre-
emptivetherapy in SCT patients. Therewasno dif-
ferenceintherisk for CMV disease, although there
was a tendency for foscarnet to be more effective
in clearing the CMV antigenaemia (p = 0.06). Re-
cently, alarger randomised study that included 213
patients was performed by the Infectious Diseases
Working Party of the European Group for Blood
and Marrow Transplantation (EBMT). This study
was presented only in abstract form at the 39th
Interscience Conference on Antimicrobial Agents
and Chemotherapy (ICAAC) in 1999. There was
no difference in the risk for CMV disease and the
drugs were equally effective in controlling CMV
infection.

No study with foscarnet has been performed in
solid organ transplant recipients.
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Table 1. Randomised trials of ganciclovir (GCV) prophylaxis in solid organ transplant patients

Reference Design Dosage Patient population No. of Results
patients
Flechner et al.l¢] Randomised, ACVvs ACV 3200 mg/day High risk renal 101 GCV reduced both CMV
oral GCV GCV 3000 mg/day transplant patients infection and disease
compared with ACV in
D+/R—and D+/R+ No
difference in D—/R+
Green et al 1%l Randomised study GCV 10 mg/kg/day Liver transplanted 48 No added effect of ACV to
comparing IV GCV for  ACV 3200 mg/day children GCV
14 days followed by
ACYV for 50 weeks vs
IV GCV for 14 days
Gane et al.l4"] Randomised, GCV 3000 mg/day Liver transplant 304 Oral GCV reduced CMV
placebo-controlled patients infection and disease
study of oral GCV
Winston et al.[*8] Randomised, ACVvs  ACV 30 mg/kg/day IV Liver transplant 250 GCV reduced CMV
IV GCV followed by 3200 mg/day patients infection and disease
orally. GCV 6 mg/kg IV 5 compared with ACV
days/week
Macdonald et al.l*¥  Randomised, GCV 5mg/kg IV x 3 Heart transplant 56 GCV reduced CMV
placebo-controlled weekly patients disease in D+/R— patients.
study No effect in D?/R+ patients
Martin et al.[5% Randomised study ACV 3200 mg/day Liver transplant 143 GCYV followed by ACV
comparing oral ACV GCV 10 mg/day patients reduced the risk for CMV
vs IV GCV followed by infection and CMV disease
oral ACV compared with ACV
Duncan et al.®Y Randomised study GCV 5 mgl/kg/day 5 Lung transplant 25 Early reduction of CMV
comparing IV GCV vs  days/week patients disease and obliterative
oral ACV followed ACV 3200 mg/day bronchiolitis in the GCV
induction with IV GCV group; no difference after
24 months
Dunn et al.52 Randomised study GCV 10 mg/kg/day Liver or renal 311 ACV reduced CMV
comparing ACV given  ACV 3200 mg/day orally transplant patients disease compared with
for 12 weeks vs GCV  or 1600 mg/day IV GCV
for 7 days together
with immune globulin
Merigan et al.[5%l Randomised, GCV 10 mg/kg IV for 14 Heart transplant 112 GCV reduced CMV

placebo-controlled
study of IV GCV

days followed by 6 mg/kg patients
5 days/week for 14 days

disease in R+ patients. No
effect in R— patients

ACV = aciclovir; CMV = cytomegalovirus; D+ = donor positive; R— = recipient negative.

5. Cidofovir

Cidofovir is anucleotide analogue with abroad
antiviral spectrum including most herpesviruses
and adenovirus. Although its pharmacokinetic pro-
file that allows once weekly administration is at-
tractive, no study of cidofovir as a prophylactic
agent has been performed in transplant patients.
The main reason for the lack of studies is the tox-
icity profile with a reported 25% risk for nephro-
toxicity in patients with HIV infection treated for
CMV retinitis.[60-62]
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Recently, the Infectious Diseases Working Party
of the EBMT presented data regarding the pre-
emptive use of cidofovir against CMV. Theresults
showed a66% successratewhen cidofovir wasgiven
as a second-line pre-emptive therapy after failure
of either ganciclovir or foscarnet.[83 A pproximate-
ly 20% of the patients developed some signs of
renal toxicity indicating that this drug should be
used with caution in allogenic SCT patients, in par-
ticular patients receiving therapy with other neph-
rotoxic agents.
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6. Conclusions

Several antiviral drugs are available today for
the prevention of herpesvirus infections and dis-
ease in transplant patients. Aciclovir and valacic-
lovir are indicated for the prevention of HSV and
VZV infections. These drugs can also be consid-
ered for the prevention of CMV infection and dis-
ease in transplant patients. However, in patients at
high risk for CMV disease such as alogenic SCT
patients, the prophylactic use of aciclovir and
valaciclovir should be combined with the strategy
of pre-emptive therapy with either ganciclovir or
foscarnet. Ganciclovir can be used either for the
prevention of CMV infection (prophylaxis) or for
the prevention of CMV disease (pre-emptive ther-
apy). Foscarnet can be used as pre-emptive therapy
for CMV in particular in alogenic SCT patients.
Despite these advances achieved with theintroduc-
tion of antiviral agents against herpesviruses dur-
ing the last decades, there is a need for additional
antiviral agents that can be given orally with alow
risk for toxicity.
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