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Background: Management of a number of significant viral pathogens
in transplant recipients remains challenging. Objectives: To define an
optimal antiviral approach to the management of cytomegalovirus (CMV),
human herpes virus-6 (HHV-6), Epstein-Barr (EBV)-associated post-transplant
lymphoproliferative disorder (PTLD), and polyoma virus-associated
nephropathy in transplant recipients. Methods: Clinical trials and existing
data regarding use of antiviral agents for these viruses were reviewed
to develop evidence-based recommendations for their management.
Conclusions: Weighing the current evidence regarding the use of valganciclovir
as pre-emptive therapy or prophylaxis, the former approach offers a greater
benefit for the overall prevention of CMV disease. Limited data show
that prophylaxis with antiviral agents is associated with a reduction in the
risk of EBV-associated PTLD. Treatment options for HHV-6 and polyoma
virus-associated nephropathy are still limited.
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1. Introduction

Post-transplant viral infections are primarily due to members of the herpesvirus
family. Currently available nucleoside antiviral agents have proven effective and
their use for the prevention and treatment of herpes simplex virus and varicella
zoster virus has been standardized. However, optimal management of infection
and disease caused by cytomegalovirus (CMV), human herpes virus-6 (HHV-6),
Epstein—Barr virus (EBV)-associated post-transplant lymphoproliferative disorder
(PTLD) and polyoma virus-associated nephropathy in transplant recipients
remains controversial. An expanding armamentarium of antiviral agents and
emerging data from key clinical trials have contributed to our evolving knowledge
base to optimize the management of viral infections in transplant recipients. The
present review, focused mainly on solid organ transplant (SOT) recipients, is an
evidence-based discussion and gives our proposed recommendations regarding the
prevention and treatment of CMV, HHV-6, EBV-associated PTLD and polyoma
virus-associated nephropathy.

2. Cytomegalovirus (CMV)

2.1 Overview

CMV is the most common viral pathogen and causes significant morbidity
and mortality in transplant recipients. In the absence of any form of preventive
therapy, CMV infection (evidence of detectable virus, viral proteins or nucleic
acid) develops in 36 — 100% of organ transplant recipients, and symptomatic
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disease in 11 — 72% of patients, most often during the
first 3 months after transplantation (1. CMV disease may
present as viral syndrome characterized by fever, leukopenia
and thrombocytopenia or as tissue-invasive disease including
pneumonitis, hepatitis and focal gastrointestinal disease [2].
Additionally, CMV-mediated upregulation of chemokine
expression and modulation of cytokine signaling and other
host responses is a significant contributor to allograft injury
and rejection [3,4], opportunistic infections [5,6], or late-onset
malignancies [7].

Two main strategies are implemented for prevention of
CMV disease: pre-emptive therapy and prophylaxis. Pre-emptive
therapy is defined as employment of an anti-CMV agent upon
detection of viremia by pp65 antigen or polymerase chain
reaction (PCR) assay [8]. Prophylaxis is defined as administration
of a course of anti-CMV agents at the time of, or soon after,
transplantation in all patients, regardless of the risk (9. In
addition to acyclovir, valaciclovir, ganciclovir and CMV
intravenous immunoglobulin (CMV IVIG or IVIG), new
antiviral agents, such as valganciclovir and maribavir, are
available at present. The following sections summarize the
current status in the prevention and treatment of CMV
disease in transplant recipients.

2.2 Prevention

2.2.1 Acyclovir, ganciclovir and valacyclovir

Acyclovir prophylaxis was shown to be effective in decreasing
the risk of CMV infection and disease in some studies
in hematopoietic stem cell transplant (HSTC) and SOT
recipients [10-12]. However, subsequent studies did not
support its use for the prevention of CMV disease, probably
given its poor in vitro activity against CMV at clinically
achievable levels [13,14]. Valacyclovir is a valyl ester of acyclovir
with improved oral bioavailability of 54.5% (Table 1) [15). It
is effective for the prevention of CMV disease in D+/R- and
R+ renal transplant recipients, and significantly decreases
biopsy-confirmed acute graft rejection [16]. Although valacyclovir
can be a cost-effective alternative to ganciclovir in renal
transplant recipients, it is less effective than ganciclovir.
Additionally, little data regarding its use exist in other types
of organ transplant recipients.

Ganciclovir is 50 — 100 times more active than acyclovir
against the laboratory strains and clinical isolates of human
CMV [17.18], and is a more effective antiviral agent than
acyclovir for the prevention of CMV disease in transplant
recipients [14,19]. In a randomized controlled trial, intravenous
ganciclovir as prophylaxis significantly decreased the incidence
of CMV disease from 43% (31/73) in heart transplant
recipients receiving placebo to 15% (12/76) in those receiving
intravenous ganciclovir [20]. Similarly, intravenous ganciclovir
initiated upon detectable CMV antigenemia or CMV
DNAnemia also decreased the incidence of CMV disease in
SOT patients [21-23].

Oral ganciclovir, despite low bioavailability of only 6.3%
at a dose of 1000 mg three times a day, was effective for the

prevention of CMV disease (Table 1) [89,24,25]. In a randomized
controlled trial, the incidence of CMV disease at 6 months
after transplantation was significantly lower in 150 liver
transplant recipients receiving oral ganciclovir as prophylaxis
than in 154 recipients receiving placebo (4.8 vs 18.9%,
p < 0.001) 9. Similar observations were also noted in
patients with D+/R- (14.8 vs 44.0%, p = 0.02) and D+/R+
(2.7 vs 18.2%, p = 0.002) [9]. Compared with the placebo
patients, liver transplant recipients treated with oral ganciclovir
as pre-emptive therapy had lower incidence of CMV disease
(0 vs 15%, p < 0.01) in a randomized controlled trial [24].
Furthermore, no significant difference in the risk of CMV
disease was observed between liver transplant patients receiving
pre-emptive oral ganciclovir and those receiving pre-emptive
intravenous ganciclovir in another randomized, controlled
trial [s].

Although few episodes of CMV disease occur during
receipt of prophylactic agents, late-onset CMV disease has
emerged as an important clinical problem after cessation of
prophylaxis [26]. In SOT patients receiving oral ganciclovir
prophylaxis, the incidence of late-onset CMV disease ranged
from 2.6 to 19% [9,27-31], and D+/R-
strongly associated with the development of late-onset CMV
disease with the incidence of 18 — 26% [27-31]. Furthermore,
late-onset CMV disease has been independently associated

serostatus was

with poor post-transplant outcomes (32).

Even though emergence of ganciclovir-resistance CMV has
been reported in patients under pre-emptive therapy with
ganciclovir [33], ganciclovir-resistant CMV is primarily a concern
in heavily immunosuppresed patients receiving this agent
as prophylaxis, especially those with D+/R- serostatus and
having prolonged exposure to ganciclovir [34]. Ganciclovir-resistant
CMV  developed in 0% of liver transplant recipients,
0.28 — 1.5% of heart, 0.54 — 1% of renal, 3.3 — 9%
of lung, and 13% of renal-pancreas [34535]. The incidence
of ganciclovir-resistant CMV in patients with D+/R- ranged
to 27%.
was significantly associated with D+/R- serostatus and

from 0 Ganciclovir-resistance  CMV  disease
greater prior exposure to ganciclovir (35]. Nine (14%) of
225 CMV D+/R- SOT recipients receiving valganciclovir
prophylaxis for a median of 92 days were suspected to have
a drugresistant virus [36]. Two of four patients with
proven drug-resistant CMV and three of five with
clinically suspected drug-resistant CMV had allograft loss
and mortality.

Randomized trials for treatment of ganciclovir-resistance
CMV disease in SOT recipients are not available. However,
increasing ganciclovir dosage (up to 7.5 — 10 mg/kg
intravenously twice a day) in combination with CMV IVIG
and reduction of immunosuppressants is recommended for
asymptomatic or not severely ill patients with suspected
ganciclovir-resistance CMV [34]. Foscarnet may be considered
in the setting of progression of clinical disease or no
virologic response to high-dose ganciclovir (34). Additionally,
maribavir (37], leflunomide (38], switching to a sirolimus-based
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Table 1. Acyclovir and ganciclovir pharmacokinetics based on human data.

Ref. Drugs Dose (frequency)  AUC (pug-h/ml) Crmax (Hg/ml) T, (h) T, (h) Bioavailability (%)
[15,132]  Valacyclovir 1 g (once daily) 19.52 5.65 1.75 3.03 54.5
[25] Oral ganciclovir 19 (3 times at 20.7 1.5 14.3 NA 6.3
6-h intervals)
[25] IV ganaciclovir 5 mg/kg (over 1h)  48.2 12.2 1.0 52 NA
[25] Valganciclovir 450 mg (once daily) 21.1 3.0 3.0 5.2 60
[25] Valganciclovir 900 mg (once daily) 41.7 6.2 2.9 5.1 59

AUC: Area under the curve calculated over 24 h; C,,,; Maximum observed concentration; IV: Intravenous; NA: Not available; T,,: Half-life associated with the
terminal elimination rate constant; T,,,: Time to the maximum observed concentration.

regimen [39], and artesunate [40] may be potential options for
ganciclovir-resistant virus.

2.2.2 Valganciclovir

Because of its oral availability, convenient dosing schedule,
and 10-fold higher bioavailability than oral ganciclovir
(Table 1) [25], valganciclovir is now widely used for the
prevention of CMV in SOT recipients. In SOT recipients
with D+/R- serostatus, the efficacy of valganciclovir and oral
ganciclovir for the prevention of CMV disease were compared
in a randomized, prospective, double-blind, double-dummy
trial [27]. By 12 months, the incidence of CMV disease was
17.2% in 245 patients receiving valganciclovir and 18.4% in
127 receiving oral ganciclovir (p = 0.767). Most cases of
CMV disease (valganciclovir: 99.2%, ganciclovir 98.4%)
occurred after the discontinuation of prophylaxis. Subgroup
analysis showed that valganciclovir was significantly more
effective in preventing CMV disease than ganciclovir in
renal transplant recipients (RR 0.27, 95% CI 0.01 - 0.75)
compared with liver, heart or renal-pancreas transplant
recipients at 6 months [41]. A trend toward higher incidence
of neutrophil count of less than 1000 cells/pl (12.7 vs
7.9%, p = 0.166) with valganciclovir than with ganciclovir
was observed. CMV UL97 mutations emerged in 1.9%
(2/103) of the patients treated with ganciclovir at the end of
prophylaxis and 6.1% (2/33) of those with suspected
CMV disease up to 1 year after transplantation, but not
in valganciclovir arm [42). There were no differences in
acute rejection, graft loss, opportunistic infections, death
due to CMV disease, and all-cause mortality between
valganciclovir and ganciclovir groups. The prophylactic
dosing of valganciclovir is 900 mg once daily in PV16000
trial but a dose of 450 mg once per day also had good
efficacy in some studies [29,43,44].

Subsequent surveys of CMV-prevention strategies after
liver and renal transplantation have shown that valganciclovir
is the most commonly prescribed antiviral agent for the
prevention of CMV [4546]. Recently, a systematic review
evaluated the efficacy of valganciclovir for the prevention of
post-transplant cytomegalovirus disease and related outcomes,
and showed that the use of valganciclovir as pre-emptive

therapy and prophylaxis was associated with an incidence
of CMV disease of 2.6 and 9.9%, respectively, within the
first post-transplant year (47]. In D+/R- patients, the overall
incidence of CMV disease was 5.5% in the pre-emptive
group and 20.1% in the prophylactic group. Most CMV
disease (92%) with the use of antiviral prophylaxis presents
as late-onset CMV disease, defined as CMV disease occurring
after 90 days post-transplantation [26). The incidence of
late-onset CMV disease in all patients and in those with
D+/R- was 0% in pre-emptive therapy and 8.9 and 17.7%
in the prophylactic group, respectively (47). Late-onset
CMV disease has been shown to be an independently
significant predictor of mortality during the first post-transplant
year [28,4s].

2.2.3 Maribavir

Maribavir is a benzamidazole derivative with potent anti-CMV
activity that targets UL97 viral protein kinase with
subsequent inhibition of viral encapsidation and nuclear
egress of viral particles [49-51]. Theoretically, mutations in the
CMV DNA polymerase (UL54) gene that confer resistance
to ganciclovir, foscarnet and cidofovir should not affect the
anti-CMV  activity of maribavir. In addition, resistance
mutations of ganciclovir and maribavir appear to involve
separate loci of the UL97 kinase function domains [52].
Clinical isolates and laboratory stains containing UL97 or
UL54 DNA polymerase mutations and resistant to ganciclovir,
foscarnet and cidofivir, individually or in combination, were
tested for susceptibility to maribavir; maribavir was active
in vitro against all these resistant strains (37. On the other
hand, the laboratory-derived UL97 L397R mutant, highly
resistant to marivavir, remained susceptible to ganciclovir,
foscarnet and cidofivir. Since maribavir is a UL97 kinase
inhibitor, combination of maribavir and ganciclovir is
expected to result in loss of ganciclovir antiviral activity
because of prevention of initial phosphorylation of ganciclovir
by UL97 kinase, which is inhibited by maribavir. Maribavir
has been shown to antagonize the ant-CMV effect of
ganciclovir, increasing the 50% inhibitory concentration of
ganciclovir against a susceptible strain by up to 13-fold,
while antiviral activities of foscarnet and cidofovir were

Expert Opin. Pharmacother. (2008) 9(14)

2411



Pharmacotheraphy of post-transplant viral infections

unaffected by maribavir (53]. Of note, maribavir lacks activity
against HSV, and therefore HSV prophylaxis with acyclovir
should be employed.

Maribavir has good oral bioavailability and has demonstrated
favorable tolerability in clinical trials [54,55]. In a Phase II
trial, placebo or maribavir with doses of 100 mg twice daily,
400 mg once daily, or 400 mg twice daily were prescribed
randomly to CMV-seropositive allogeneic stem-cell transplant
recipients after engraftment, respectively, for a maximum of
12 weeks following transplantation [s5]. The incidence of
CMV infection was lower in each of the maribavir groups
compared with placebo (p < 0.05). CMV disease occurred
in three patients with placebo but in none of the patients
with maribavir over a maximum follow-up period of 8 weeks
after the completion of the 12-week drug therapy.

The three dosing regimens of maribavir were equally
effective in reducing the incidence of CMV infection and
delaying the time to onset of CMV infection. Taste
disturbance, nausea and vomiting were the most common
clinical adverse events in maribavir recipients, but no
increased neutropenia or thrombocytopenia was observed.
An ongoing Phase III study has been powered to determine
whether maribavir leads to significant reduction of CMV disease
and includes a longer follow-up period for evaluation of late

CMYV disease.

2.2.4 Role of CMV IVIG

The efficacy of CMV 1IVIG for preventing cytomegalovirus
disease and associated outcomes was assessed in a recent
review of 37 randomized and quasi-randomized controlled
trials with 2185 SOT recipients (56]. The risk for CMV disease
and CMV infection did not differ between CMV IVIG/IVIG
and placebo/no treatment in all transplant recipients, CMV
positive recipients and CMV-negative recipients of CMV-positive
organs. There was also no difference in the risk of acute
rejection, graft loss or opportunistic infections between
the CMV IVIG/IVIG and placebo/no treatment group.
However, the risk of death from CMYV disease was significantly
reduced in patients receiving CMV IVIG compared
with patients receiving placebo or no treatment (relative risk
0.33, 95% confidence interval 0.14 — 0.80). Nevertheless,
there was no difference in the risk for CMV disease, CMV
infection, all-cause mortality, acute rejection, graft loss
or opportunistic infections between antiviral medications
(acyclovir or ganciclovir) with IVIG and antiviral medications
alone. Furthermore, the risk of CMV disease had a significant
reduction in all trials with antiviral medication alone
compared with IVIG alone (RR 0.68, 95% CI 0.48 — 0.98).
It was concluded that CMV IVIG was not indicated for the
prophylaxis of CMV disease in SOT recipients.

However, in heart transplant recipients, the rate and severity
of transplant coronary artery disecase was decreased by
combination of antiviral agents and CMV IVIG as
prophylaxis [57,58]. The coronary artery mean intimal thickness
and the prevalence of intimal thickening > 0.3 mm were

significantly lower in 27 heart transplant recipients receiving
ganciclovir plus CMV IVIG than in 27 recipients receiving
ganciclovir only (p < 0.05) [57). In addition, the volumes of
coronary artery lumen and vessel decreased significantly at
1 year post-transplant compared with those at baseline in
heart transplant recipients receiving prophylaxis with ganciclovir
alone than recipients receiving ganciclvoir/valganciclovir and
CMV IVIG (p < 0.05) [58].

Unlabeled use of CMV IVIG as adjunct therapy in the
treatment of CMV disease in immunocompromised patients
is implemented in some transplant centers, although its
efficacy is uncertain. In a large study, factors associated with
survival among 370 hematopoietic cell transplant recipients
diagnosed with CMV pneumonia from 1986 to 2006 were
retrospectively analyzed [59). The overall and CMV-attributable
mortality at 6 months was 72.4% (95% CI, 67.9 — 77.0%)
and 47.6% (95% CI, 42.5 — 52.7%). Muldple factors
associated with survival were identified. However, combination
therapy of an antiviral drug (ganciclovir or forscarnet) and
CMV IVIG/IVIG versus an antiviral drug alone did not
modify overall or attributable mortality in multivariable
models [59].

2.3 Treatment

Intravenous ganciclovir, foscarnet and cidofovir are the available
options at present for the treatment for CMV disease in
SOT recipients [60,61]. However, requirement of long-term
parenteral access and hospitalization pose challenging logistic
issues, and potential nephrotoxicity of the last two drugs is
a significant treatment limiting adverse effect. Valganciclovir
at dose of 900 mg once daily has been shown to be equivalent
to intravenous ganciclovir at dose of 5 mg/kg/day with
regards to plasma ganciclovir exposure [25]. A randomized,
multicenter trial demonstrated that oral valganciclovir has
comparable safety and long-term outcomes, as intravenous
ganciclovir does for the treatment of CMV disease in
SOT patients (the VICTOR study) [62-64]. In this trial,
321 SOT recipients were randomized to receive valganciclovir
(900 mg twice daily orally) or ganciclovir (5 mg/kg twice
daily intravenously) as induction therapy for 21 days
followed by 900 mg daily valganciclovir until day 49. Over
70% of the patients were renal transplant recipients, less
than 30% belonged to the D+/R- subgroup, and approximately
50% had tissue-invasive disease.

After a 1-year follow-up, the prevalence of CMV
disease was 14.5% in patients receiving valganciclovir and
15.3% receiving ganciclovir at day 21, and decreased to
2.1 and 5.6% at day 49, respectively [64. The overall
clinical recurrence was 14.4% and the overall virologic
recurrence was 28.6%. There was no difference between the
two groups in resolution of CMV disease or viral clearance
throughout the follow-up [64]. The baseline viral load was
the only factor predictive of viral eradication [63). Patients
with persistent CMV viremia at day 21 were more likely to
have recurrence but not resistant mutations [62,64]. However,
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patients with viremia at 49 days were more likely to have
resistant virus and should be evaluated for resistance [62].
Patients with CMV IgG negative at day 0 compared with
those with CMV IgG positive had a slower initial viral
clearance and higher rates of recurrence [62].

No major differences in the frequencies of adverse events
between the two arms were observed [63]. Eleven patients
in the valganciclovir group and nine in the ganciclovir
group died during follow-up (p < 0.05); none died of
CMV disease [64]. The VICTOR study clearly demonstrated
that oral valganciclovir and intravenous ganciclovir in the
treatment of CMV disease have comparable long-term
outcomes in organ transplant recipients, although it is
limited by mainly renal transplant recipients and exclusion
of life-threateningly ill patients, patients with extremely high
viral loads (> 10° copies/ml) and children.

Treatment with forscarnet and cidofovir are mainly
used in the circumstances of suspected or documented
ganciclovir-resistant CMV' disease, and both agents have
significant nephrotoxicity. Leflunomide, an inhibitor of
protein kinase activity and pyrimidine synthesis, also has
activity against both ganciclovir-sensitive and -resistant
CMYV [65]. Eighteen renal transplant recipients with CMV
disease and 3 with relapse of CMV disease treated with
leflunomide have been reported [6667). Nineteen patients
clinically responded to leflunomide and had viral clearance
from the blood. In addition to the availabilicy of oral
formulation, its cost is much lower than that of intravenous
ganciclovir. However, the exact dose and duration of
treatment for CMV infection remains unknown.

3. Human herpes virus-6 (HHV-6)

3.1 Overview
Epidemiologic studies have documented that seroprevalence
of HHV-6 in adults approaches 90%. Evidence of prior
HHV-6 infection has been documented in 87 — 91% of
SOT recipients and 78 — 100% of hematopoietic stem cell
transplant recipients. Thus, most HHV-6 infection and
disease in transplant recipients is due to reactivation infection.
Opverall, 38 — 55% of renal, 22 — 54% of the liver and
36 — 57% of the heart or heart lung transplant recipients
have been shown to develop HHV-6 infection [6s). HHV-6
infections develop in 35 — 42% of allogeneic stem cell
transplant recipients. Higher rates (87 — 92%) in cord blood
transplant recipients are considered to be due to paucity of
primed HHV-6 specific memory T cells and low ability of
cord blood cells to produce protective cytokines [69.70].
Fever of unknown origin, with or without a skin rash,
bone marrow suppression and encephalitis are the most
frequently observed clinical manifestations of HHV-6.
Meningoencephalitis due to HHV-6 was documented in
0.79% (8/1018) of the HSCT recipients in one report and
0.96% (11/1148) in another (71,72]. Symptomatic disease
usually occurs within 4 weeks of transplantation. More
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recently, HHV-6 has been identified as an etiologic agent
for post-transplant acute limbic encephalitis, a distinct
syndrome characterized by seizures, dense anterograde amnesia
and neuroimaging abnormalities showing low attenuation
lesions,  typically medial
lobes [73,741.

involving  bilateral temporal

3.2 Prevention

Of currently available antiviral agents, acyclovir has consistently
shown poor activity against HHV-6 in vitro (75]. Ganciclovir
on the other hand has anti-HHV-6 activity with ECy,, ranging
from 0.56 to > 25 in various studies. HHV-6 ULG69 is
the functional homolog of human CMV UL97-encoded
kinase that converts ganciclovir to its monophosphate
metabolite in the infected cell [75]. In vitro studies have
shown that the capacity of HHV-6 UL69 phosphorylates
ganciclovir is 10-fold lower compared with that of
human CMV UL97 [75. Furthermore, the affinity of
ganciclovir triphosphate for HHV-6 DNA polymerase is
6-fold less than that for CMV and 800-fold less
compared with acyclovir triphosphate for HSV DNA
polymerase [76].

Antiviral prophylaxis with ganciclovir has been shown to
be protective against HHV-6 infection in some but not all
studies. In HSCT recipients, HHV-6 infection was documented
in 39% (11/28) of the patients who did not receive
ganciclovir compared with 0/13 in those who did (77). In
renal transplant recipients receiving ganciclovic HHV-6,
viremia appeared later after transplantation (42 vs 21 days)
and was shorter in duration (29 vs 62 days); however, there
was no difference in the incidence of viremia (71 vs
61%) [78]. Low-grade viremia was documented in ~ 14% of
the organ transplant recipients receiving valganciclovir for
100 days post-transplant; however, no clinical manifestations
could be attributed to it [79]. By contrast, repression of
CMV was complete. Thus, antiviral prophylaxis is not
consistently effective for prevention.

3.3 Treatment
Opverall mortality in patients with HHV-6 meningoencephalitis
has ranged from 45 to 58% [8081]. Treatment with
currently available agents has a beneficial effect. Both
ganciclovir and foscarnet have been successfully used for
the treatment of meningoencephalitis, although outcomes
have not been uniformly good. Of 13 HSCT recipients
with HHV-6 encephalitis, 46% (6: 4 treated with ganciclovir
and 2 who received ganciclovir and foscarnet) died [82].
In a review of HHV-6 encephalitis in transplant recipients,
cure was documented in 7/8 patients who received ganciclovir
or foscarnet for at least 7 days compared with 0/4 in those
who did not receive these drugs or received them for
less than 7 days (p = 0.01) [s3].

There is evidence that antiviral activity against HHV-6
is different in serum and cerebrospinal fluid (CSF). In 11 HSCT

recipients, median log decrease in the serum from 2.0 to
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0 copies/ml and in the CSF from 4.4 to 2.0 copies/ml
was documented with antiviral therapy [81]. Furthermore,
decrease in CSF levels lagged behind that in the serum;
carliest negativity in the CSF was observed at week 3 of
antiviral therapy. Overall 5/11 patients died, including
4/5 who received foscarnet and ganciclovir [s1. A lower
efficacy of antiviral agents for central nervous system
infections could be related to the fact that ULGY is
highly expressed in T in  astrocytes.
Foscarnet and cidofovir but not ganciclovir exhibited
anti-HHV-6 activity in glial cells [84].

Maribavir has been shown to be inactive against
HHV-6 [751. However, a recent study that evaluated
the activity of maribavir against HHV-6 in a cell culture to

cells but not

slow the growth of lymphocytes documented that maribavir
inhibits the replication of HHV-6 and the activity of
ULG9 protein kinase [8s].

4. Epstein-Barr virus (EBV)-associated
post-transplant lymphoproliferative
disorder (PTLD)

4.1 Overview

The most devastating sequelac of EBV infection in transplant
recipients is PTLD, which usually occurs within the
first year after SOT (early PTLD) (s6]. In the setting of
immunosuppression, EBV can cause dysregulated and
uncontrolled B-cell proliferation resulting in the development
of PTLD (7. High incidence of PTLD has been
observed in EBV-seronegative recipients of EBV-seropositive
allografts (88-90]. The incidence of PTLD in pre-transplant
EBV-seronegative recipients was 24 times higher than
in pre-transplant EBV-seropositive recipients, after excluding
the effects of CMV seromismatch and the use of OKT-3 ).
Primary infection with EBV acquired from EBV-seropositive
donors plays a pivotal role in PTLD since 85% of
donors are EBV-seropositive [90]. In addition to primary
EBV infection, OKT-3 and polyclonal antilymphocyte
antibodies, CMV seromismatch, younger age, and type of
organ transplanted are also risk factors of early PTLD (88-95].
Type of organ transplanted, older recipient age, and duration
of immunosuppression are considered the risk factors for
late PTLD (> 12 months after transplantation) [86].

4.2 Prevention

At present, the best approach for preventing PTLD is to
reduce risk factors in an SOT recipient, such as limiting
exposure to T-cell depleting antibodies and judicious use
of immunosuppression. Prophylaxis with ganciclovir alone
(in EBV D+/R- patients) or ganciclovir followed by acyclovir
(in EBV R+ or D-/R- patients) and early detection of
primary EBV infection with PCR followed by ganciclovir
use and lowering or discontinuing immunosuppressive regimen
led to a reduction in the incidence of PTLD in pediatric
liver transplant recipients [96]. Reduced incidence of PTLD

was also demonstrated in SOT recipients receiving ganciclovir
or acyclovir as prophylaxis in two retrospective studies, one
compared with the previously reported incidence in the
same institute and one with concurrent control (3.9 vs 0.5%,
p < 0.03) (97.98]. In a multicenter case-control study, the risk
of PTLD during the first year was lowered by 38% for every
30 days of ganciclovir, while the effects of acyclovir were less
impressive [99]. No significant difference in EBV viral load
suppression was observed in high-risk EBV D+/R- SOT
recipients receiving ganciclovir alone or ganciclovir and IVIG,
and all three PTLD cases occurred in the IVIG arm [100].
Nevertheless, prophylaxis with CMV IVIG, but not
ganciclovir or acyclovir, prevented early PTLD in a multi-
center retrospective study, although rates of lymphoma
development in the subsequent 5 years of follow-up were
similar in all three groups [101].

43 Treatment

Reduction or discontinuation of immunosuppression remains
the mainstay for the treatment of PTLD with spontaneous
regression documented in 23 — 50% of cases [86]. Other
treatment options include rituximab, chemotherapy, surgical
resection/local irradiation for localized disease, or interferon-c. [86].
Rituximab is a more attractive option in the circumstances
of failure of reduction in immunosuppression because of
its promising results and lower toxicity compared with
chemotherapy [1021. In two retrospective studies, the
overall response rate of PTLD was 44 — 65% in SOT recipients
treated with rituximab alone as the second-line therapy [103,104].
Three Phase II prospective clinical trials evaluated the
efficacy of rituximab as the secondary approach for
PTLD, and the overall response rate was 44.2 — 64%
with a complete response (CR) rate of 28 — 55% [105-107].
All PTLD subjects were CD20* positive and had EBV
positivity of 55 — 65% in these three studies. Another
prospective multicenter Phase II trial added a second course
of rituximab if a SOT recipient with PTLD did not
achieve CR after the first course, yielding an intention-to-treat
CR rate of 60.5% [i08]. In addition, salvage therapy
rituximab was effective for intensively pretreated patients
with relapsed or refractory PTLD (109, On the other
hand, in cases with refractory and relapsed PTLD after
treatment with single-agent rituximab, salvage chemotherapy
with cyclophosphamide, doxorubicin, hydroxydaunorubicin,
vincristine and prednisolone (CHOP) achieved a favorable
overall response rate of 70% [110.. However, given the
marked toxicity, it is suggested that chemotherapy be
reserved for patients who fail rituximab, have EBV-negative
tumors, or need a rapid response [102].

5. Polyoma virus-associated nephropathy

5.1 Overview
Polyoma virus nephropathy affects 1 — 10% of the renal
transplant recipients and results in allograft loss in 10 — 80%
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of cases [111-113]. A positive BK' virus serostatus prior to
transplantation is not protective of viremia or nephropathy
due to polyoma virus [114,115]. Potent immunosuppression
that
containing regimens is regarded as a risk factor for polyoma

includes tacrolimus and mycophenolate mofetil
virus-associated nephropathy [115]. Use of antilymphocyte
antibodies pose a risk for polyoma virus viremia and
nephropathy if used as antirejection but not as induction

therapy [115].

5.2 Treatment

Reduction of immunosuppression remains the mainstay of
therapy for polyoma virus nephropathy. However, this is
often not effective and may result in subsequent rejection in
nearly 25% of cases. At present, there is no approved antiviral
therapy for polyoma virus nephropathy [116], but IVIG,
fluoroquinolones, cidofovir, and leflunomide have been used.
After being treated with IVIG at a dose of 2 g/kg divided
over 2 — 5 days, 88% of the eight renal transplant recipients
still had functioning grafts, although renal function continued
to be impaired [117]. In addition, fluoroquinolones have a
modest antipolyoma virus effect [118], and 7 of the 10 renal
transplant recipients treated with a 10-day course of oral
gatifloxacin 500 mg once daily had a significant reduction
in viremia or disappearance/reduction of decoy cells in the
urine [119].

Cidofovir, a cytosine phosphate analog, exhibits antiviral
activity against this virus. Although the ECs, of cidofovir
(36.3 pg/ml) exceeds the peak plasma concentrations attainable
with cidofovir dosages typically used for the treatment of
CMV (5 mg/kg weekly followed by every 2 weeks), high
concentrations achieved in the renal dssue and urine have
prompted attempts at the use of cidofovir as therapy for
polyoma virus nephropathy. However, conventional dosages
used for CMV are poorly tolerated and are limited by
significant nephrotoxicity and proximal renal tubular injury
in transplant recipients [112]. Consequently lower dosages
of cidofovir every 2 weeks have been used, ranging from
0.25 to 1.0 mg/kg. Dosages in this range appear to be well
tolerated. A review of the literature comprising 10 cases of
polyoma virus nephropathy documented clearance of viremia
in 9/10 120]. Data from one of few studies that included a
control group showed that use of cidofovir dosages ranging
from 0.5 to 1.0 mg/kg led to stabilization of renal function
and graft loss in 0/8 cidofovir recipients compared with
9/13 patients who did not receive cidofovir [111]. Similarly,
other reports also demonstrated its efficacy in stabilization
or improvement of renal function and clearance of BK virus
in plasma, urine or allografts [121-123.. In addition to
nephrotoxicity, a significant adverse effect reported in 35%
of the cidofovir recipients is anterior uveiitis [124].

Leflunomide, a pyrimidine synthesis inhibitor exhibits
modest iz vitro activity against polyoma virus. It also exhibits
antiviral activity against CMV, although pyrimidine inhibition
is not regarded as the basis of its activity against enveloped
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viruses such as CMV or nonenveloped virus such as polyoma
virus [125]. There are only limited data with regards to
the efficacy of leflunomide in polyoma virus-associated
nephropathy. In a study where leflunomide replaced
mycophenolate mofetil in 12 renal transplant recipients with
polyoma virus-associated nephropathy, viremia resolved in
42% and allograft loss occurred in 17%; however, significant
adverse effects required discontinuation of leflunomide in
17% [126]. Another 26 renal transplant recipients with
polyoma virus-associated nephropathy were treated with
either leflunomide alone (n = 17) or leflunomide plus a
course of cidofovir (n = 9) [127]. Four patients with inconsistent
blood level of active drug of leflunomide (A77 1726) over
40 pg/ml failed to clear the virus untl the levels were
attained or the addition of cidofovir. Only four recipients
(15%) lost their renal grafts in the study. Apart from their
modest activity at best against polyoma virus nephropathy,
leflunomide and cidofovir exhibit low selectivity index which
is considered likely owing to their similar effect on host-DNA
synthesis [125].

6. Conclusions

Although acyclovir and valacyclovir possess an anti-CMV
effect, ganciclovir has demonstrated greater efficacy for the
prevention of CMV disease in transplant patients [14,19]. The
use of valganciclovir to prevent CMV disease in renal and
liver transplant recipients has gained significant popularity
because of higher bioavailability than oral ganciclovir [45.46].
Furthermore, valganciclovir has a comparable long-term
outcome to intravenous ganciclovir for the treatment of
CMYV disease in SOT recipients [62-64]. Maribavir, a new
oral antiviral agent with a different anti-CMV mechanism,
might offer another option for the prevention of CMV disecase
in the near future. Its Phase II trial proved its efficacy for
prevention of CMV disease in allogeneic stem-cell transplant
recipients, and no myelosuppression was observed [55].

Both valganciclovir and ganciclovir effectively prevent
CMV disease in transplant recipients regardless of the
preventive strategy used [8,9.20.27,128]. However, the protective
effect of prophylaxis seems to be limited to the time when
patients receive antiviral agents. CMV disease continues to
occur after cessation of prophylaxis [26]. Moreover, late-
onset CMV disease is strongly associated with increased
mortality [2848]. On the contrary, late-onset CMV disease
has not been reported to our knowledge in patients with
pre-emptive therapy [47].

CMV 1VIG with or without antiviral therapy contributed
litcle to the prevention of CMV disease [56]. Additionally, in
hematopoietic cell transplant recipients with CMV pneumonia,
addition of CMV IVIG to antiviral drugs offered no additional
benefit for overall or attributable mortality [59]. Nevertheless,
combination of antiviral agents and CMV IVIG decreased
the rate of transplant coronary artery disease in heart transplant
recipients [57,58].
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Protection of HHV-6 infection by prophylaxis with
ganciclovir has been demonstrated in some but not all
studies [77-79]. While both ganciclovir and foscarnet
have been reported as being effective against HHV-6
meningoencephalitis after transplantation, the superiority
of either ganciclovir or foscarnet over the other has not
been established.

Effective strategies to prevent EBV-associated PTLD are
still limited. Although reduction of immunosuppression
remains the primary approach to treat EBV-associated
PTLD, studies employing rituximab are emerging owing to
its low toxicity and promising results.

No approved agents are available for the treatment of
polyoma virus nephropathy at present. The fundamental
therapy is to reduce immunosupression. However, this
management is often not effective and patients might suffer
subsequent rejections.

7. Expert opinion

7.1 Prevention
Debates between pre-emptive therapy and prophylaxis for
prevention of CMV disease exist in the current literature.

7.2 Pre-emptive therapy

Because only patients at high risk for CMV disease
defined by the detectable antigenemia or DNAnemia
receive anti-CMV  agents, pre-emptive therapy avoids
unnecessary drug exposure and subsequent adverse drug
reactions in patients without detectable antigenemia or
DNAnemia. In addition, this strategy is cost effective [129,130].
Furthermore, pre-emptive therapy effectively prevents not
only CMV disease but also late-onset CMV disease [47].

7.3 Prophylaxis

Prophylaxis is strongly associated with the development
of late-onset disease even though CMV disease can be
effectively prevented during the time when antiviral
prophylaxis is used [26]. Patients receiving prophylaxis,
especially those with D+/R-, have a high incidence of late-
onset CMV disease after discontinuation of antiviral
agents [47,128]. Additionally, late-onset CMV disease was
independently associated with overall and infection-associated
mortality at 1 year [48].

7.4 Recommendation

Valganciclovir with its oral availability and excellent
bioavailability provides a convenient administration route
and a comparable systemic exposure (24-h area under curve)
as intravenous ganciclovir does. There are limited data
regarding the use of pre-emptive therapy in lung transplant
recipients. Pondering the pros and cons of the two preventive
strategies, pre-emptive therapy with valganciclovir in all
other organ transplant recipients offers a greater benefit
to the patient without the cost of graft loss and life. Of

note, the success of pre-emptive therapy hinges upon
the early detection of CMV infection and timely initiation
of antiviral agent. Thus, the establishment of an infrastructure
consisting of a dedicated clinical coordinator and follow-up
of the protocol using an algorithmic approach is critical
to ensure the success of this strategy [131].

7.5 Role of maribavir

Maribavir, a novel antiviral agent, is characterized by the
unique anti-CMV  mechanism, no cross-resistance with
currently available anti-CMV agents, good bioavailability,
and favorable tolerability. In addition, the results of the
Phase II trial are promising [55]. The incidence of CMV
infection compared with placebo decreased significantly,
and no CMV disease developed in patients on maribavir
prophylaxis. Since no myelosuppresion was observed in
the maribavir arms, if maribavir proved as effective as
ganciclovir for the prevention of CMV disease, it might
be the preferred agent for hematopoietic stem cell transplant
recipients to avoid the hematological abnormality caused
by the use of valganciclovir/ganciclovir. This agent could be
an alternative for the prevention of CMV disease in SOT
recipients in the future.

7.6 Role of CMV IVIG

In the current era of potent antiviral agents, there is no
role for CMV IVIG in both the prevention and treatment
of CMV disease. CMV IVIG does not decrease the risk
for CMV infection and disease compared with placebo
and provides no additional benefit when added to the
antiviral therapy (56]. In addition, the combination of an
antiviral drug and CMV IVIG did not modify mortality
in transplant recipients with CMV pneumonia compared
with antiviral drug alone [59). Given its high cost and
negligible efficacy, CMV IVIG has little role in the
prevention or treatment of CMV disease, except for heart
transplant recipients who might benefit from the use
of CMV 1VIG for transplant coronary artery disease [57,58].

7.7 Treatment

The VICTOR study has demonstrated that valganciclovir
is comparable to intravenous ganciclovir for the treatment
of CMV disease [62-64. CMV IgG status of the
patients, viral load at days 21 and 49, and identification
of CMV resistance at day 49 are the key determinants of
successful treatment of CMV disease and emergence of
resistant virus. Use of valganciclovir for CMV disease in
non-renal transplant recipients, severely ill patients and
patients with high viral load has not been fully studied.

7.8 HHV-6
Co-morbid
marrow suppression may also dictate whether ganciclovir
or foscarnet is used as therapy for HHV-6. Foscarnet
may be preferable in patients with marrow suppression

clinical conditions such as renal failure or
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since it does not possess the myelosuppressive effect of
ganciclovir. A combination of ganciclovir and foscarnet
might be considered for severe cases or patients with

meningoencephalitis.

7.9 EBV-associated PTLD

Prophylaxis with antiviral agents might offer protective
benefit for EBV-associated PTLD. In addition to reduction
of immunosuppression, rituximab is an option for the
treatment of CD20-positive, EBV-associated PTLD.
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