Antiviral Therapy of CMYV Disease in Children
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Abstract Cytomegalovirus (CMV) remains an important cause of morbidity and
mortality in infants and children. The main burden of disease occurs in congenital
infection, postnatal infection in premature infants and in older immunocompromised
children (now predominantly following transplantation) in developed countries. In
lower income countries, CMV is a major co-pathogen in human immunodeficiency
virus [HIV]-infected infants. Antiviral treatment options remain very limited. The
guanosine analogue ganciclovir (GCV) was first used in children over 20 years
ago, but the optimal dose, duration and route of administration remain poorly evi-
dence based. In particular there are very limited data in premature infants and older
children. Direct comparison studies between the intravenous ganciclovir and the
oral valyl-ester valganciclovir (VGCV) have not been performed. CMV disease is
important, but not very common and there remains a need to identify useful sur-
rogate markers of successful antiviral therapy to facilitate clinical trials. Cidofovir
and foscarnet have very significant toxicity. No other anti-CMV agent has success-
fully completed phase III studies. There remain few other antiviral agents effective
against CMV on the horizon. This chapter reviews the current clinical spectrum of
CMYV disease in childhood and the evidence base for both GCV and VGCV use
in clinical practice. It also discusses the antiviral studies currently being performed
and those that need to be performed.

1 Spectrum of Clinical Disease

1.1 Congenital CMV

Congenital CMV (cCMV) is the most common congenital infection in developed
countries, causing very significant long-term disability due to deafness and mental
handicap [1, 2]. Birth prevalence varies widely both between and within different
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countries and has been reported to occur in around 0.18-6.2% of live births [2]. A
study based in London reported CMV infection in 0.33% of live births [3]. Similar
prevalence has been reported in Austria and Italy [2]. Historically the diagnosis
has been made by isolation of CMV from a body fluid within the first 21 days of
an infant’s life. The development of methods for detecting CMV DNA in blood
captured on Guthrie cards (dried heel-prick blood spots) taken after birth in most
developed countries has enabled the retrospective diagnosis of congenital CMV in
older babies, although not all infected babies have detectable viraemia at birth. CMV
disease also occurred commonly in infants born to mothers with HIV and CMV
coinfection prior to the use of perinatal antiretroviral therapy and the subsequent
marked reduction in mother to child transmission of HIV. This remains a major
problem in resource-poor countries.

1.1.1 Clinical Features

Congenital CMV infection is usually asymptomatic. A recent meta-analysis
reported that symptomatic infection (historically referred to as CMV inclusion dis-
ease or CID) is seen in around 12.7% (0.0-25%) of babies with cCMV [2]. The
classical features of CID are thrombocytopenia, blueberry muffin rash, petechiae,
intrauterine growth retardation (IUGR), microcephaly, hepatosplenomegaly and
jaundice (Table 1). Long-term sequelae are mainly in the form of sensorineural
hearing loss, neurodevelopmental delay and, rarely, visual loss.

Table 1 Definition of symptomatic disease

One or more of the following

a. Thrombocytopenia

b. Petechiae

c. Hepatomegaly

d. Splenomegaly

e. Intrauterine growth restriction

f. Hepatitis (elevated transaminases and/or bilirubin)

g. Central nervous system involvement of the CMV disease [including microcephaly,
radiographic abnormalities indicative of CMV CNS disease, abnormal CSF indices for age,
chorioretinitis, hearing deficits as detected by formal brainstem-evoked response (not a
screening auditory brainstem response ABR) and/or positive CMV PCR from CSF]

Studies have reported that 40-58% of infants who are symptomatic at birth
develop permanent sequelae compared to 13.5% of those without symptoms [1];
around 18% of all congenitally infected infants will be left with some long-term
impairment. Characteristic of CMV has been the discovery that hearing loss may be
progressive, fluctuate and have a late onset. The pathological processes underlying
this delayed presentation of symptoms are currently uncertain and the true inci-
dence is probably underestimated due to inadequate follow-up periods [1]. Overall
congenital CMV is reported to cause around 20% of all cases of sensorineural hear-
ing loss and up to 40% of profound hearing loss cases in childhood [4, 5]. CMV
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therefore has very significant cost implications for the wider community relating to
the healthcare needs, education and support of these children.

1.1.2 Predicting Long-Term Neurological Impairment
Clinical Associations

IUGR, petechiae, hepatosplenomegaly, hepatitis, thrombocytopenia and intracere-
bral calcifications have been established as risk factors for subsequent hearing
impairment in one cohort study, although only IUGR and petechiae remained inde-
pendent risk factors following multiple regression analysis [6]. Another study has
reported microcephaly (adjusting head (occipito-frontal) circumference for weight)
as being the most specific predictor for poor neurological outcome whereas a nor-
mal CT scan and head circumference were associated with a good outcome [7].
However, clinical features alone are of limited use in predicting those destined for
subsequent sensorineural hearing loss, particularly if babies are only mildly symp-
tomatic or asymptomatic at birth. There remains a real need to develop surrogate
markers for prediction of long-term outcomes in clinical trials.

Viral Load

Studies in adult transplant recipients have correlated systemic viral load with the
risk of clinical disease [8, 9]. An early culture-based study of serial urine specimens
taken from both congenitally infected and postnatally infected infants conducted
over 30 years ago showed that viral load in the early neonatal period was higher
in those babies with symptomatic congenital infection when compared to those
with asymptomatic or postnatal infection [10]. The presence of viraemia was first
reported to be associated with a poor hearing outcome in neonates with CMV
disease in 2005 [11], and subsequently an association has been reported between
quantitative CMV viral load at birth in urine, blood and in dried blood spots and
symptomatic infection later in childhood [6, 12—14]. Recent data from one of the
groups that initially described an association between viral load and hearing out-
come do not demonstrate blood viral load to be different between those with and
without subsequent hearing loss among either symptomatic or asymptomatic babies.
Despite this, among asymptomatic babies, a low blood viral load continued to have
a good negative predictive value for an abnormal hearing outcome [15].

A few small studies have reported on virus detection in CSF [16, 17]. In one
of these studies only babies with symptomatic CMV had virus detectable, although
only at low levels (<400 copies/mL). Based on experience gained with neonatal her-
pes simplex virus infection, the measurement of CMV in CSF is being carried out
by some clinicians as a marker for disease progression and a guide for commencing
treatment. Formal studies regarding the utility of carrying out such procedures diag-
nostically are therefore needed and may help to inform treatment in asymptomatic
or mildly symptomatic babies.
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1.2 PostNatal CMV

Infection in the neonatal period is most commonly acquired from ingestion of CM'V-
infected maternal breast milk. The risk of CMV transmission via breast milk was
first identified in the late 1960s and in term babies, infection was nearly always
found to be asymptomatic [18]. However, using polymerase chain reaction (PCR)
to detect CMV in breast milk, up to 96% of seropositive women have been found to
have CMV DNA detectable in their breast milk, termed DNAlactia. Some authors
have reported transmission in up to 37% of premature babies of whom a significant
proportion then develops symptoms [19, 20]. Not all authors have found such high
rates of transmission, and a summary of studies addressing the issue of transmission
via breast milk can be found in a recent review [21]. The different rates of transmis-
sion and symptomatic postnatal disease reported across Europe in different studies
may well be in part due to variation in feeding practices in different centres.

1.2.1 Clinical Features

A number of clinical symptoms and signs have been described in association with
symptomatic postnatal CMV infection including pneumonitis, hepatosplenomegaly,
lymphadenopathy, enteritis and aseptic meningitis [22, 23]. Hamprecht et al.
described a sepsis-like syndrome in 4/16 infants with symptoms associated closely
with the onset of CMYV detection in blood and urine [20]. Other studies have since
confirmed this finding, a summary of which can be found in a recent review [21].

Data are very limited on long-term follow-up of infants with postnatal acquisition
of CMV. Initial studies of term infants showed no obvious long-term sequelae. Some
concerns were raised when a study in preterm infants indicated a trend towards
neurological impairment in infants <2,000 g who were infected postnatally [24].
More recent studies, including a prospective, matched, case—control study, do not
support this finding [25].

Data reporting CMYV viral load for babies treated for postnatally acquired CMV
disease are confined to single case reports. How viral load correlates with symptoms
and response to treatment remains completely undefined in this age group. The cur-
rent standard of care for the treatment of premature infants with symptomatic CMV
disease is 2 weeks of IV GCV at 12 mg/kg/day.

1.3 CMYV Disease in Older Children

CMYV in older children is predominantly a disease of the immunocompromised.
The main burden of CMV disease in Europe is currently in children undergoing
either haemotopoietic stem cell transplantation (HSCT) or solid organ transplan-
tation (SOT), predominantly renal, liver, lung or heart. Using quantitative PCR, it
can be shown that CMV replicates rapidly in vivo. The replication dynamics of
primary CMV infection in adult allograft recipients are very similar to those of pri-
mary HIV infection [26]. The dynamics of CMV replication is very rapid in these
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patients [8] and multivariable statistical analysis shows that measures of viral load
explain all of the previously recognised risk factors for CMV end-organ disease
[9, 27, 28]. The serial measurement of viral load in post-transplant patients can be
used to guide initiation and cessation of antiviral therapy and to monitor for the
emergence of antiviral resistance. Such pre-emptive therapy is now widely used
for the management of both adults and children undergoing transplantation across
Europe, although paediatric clinical practice is largely based on adult data.

CMV infection has also long been recognised as a cause of serious pneumonitis,
retinitis and organ disease in children with HIV in Europe and the USA. Since
the introduction of combination antiretroviral therapy, CMV disease is now rare
in this setting. However, CMV continues to be a very serious cause of disease
in children born with HIV in the resource-poor setting. CMV has clearly been
linked to rapidly progressive HIV in young South African infants, often associated
with Pneumocystis pneumonitis [29]. In 2003, 24 of 47 infants admitted with
pneumonitis had evidence of CMV infection [30]. Similarly, CMV was implicated
in 50% of HIV-infected infants < 1 year of age not responding to antibiotics within
48 hours in Kwazulu-Natal in the pre-antiretroviral era [31]. CMV retinitis has
also been described in HIV-infected infants and children in Cape Town. O’Connell
and colleagues described six children (mean age 6.7 months) with CMV retinitis
[32]. Currently as antenatal testing for HIV is not universal in high-prevalence
African countries, many children are being born with both HIV and CMYV disease.
However, there is now widespread implementation of combination antiretroviral
therapy and in some centres children are also being treated for CMV disease. The
relative risks and benefits of IV GCV and oral VGCV in this setting also remain
important questions.

2 Ganciclovir and Valganciclovir Use in Children

2.1 Pharmacokinetics

2.1.1 Ganciclovir

GCV is a deoxyguanosine analogue that is triphosphorylated intracellularly to its
active metabolite. The CMV encoded UL97 protein kinase is necessary for the first
phosphorylation step. The triphosphate then acts as an alternate substrate with the
other deoxynucleoside triphosphates, ultimately leading to viral DNA chain ter-
mination. The drug is excreted virtually unchanged by the kidneys, with minimal
protein binding, but oral absorption is poor. The use of GCV in children was first
reported in the late 1980s with most early reports involving children coinfected with
HIV. Over the subsequent two decades there have been very few further studies
reporting pharmacokinetic data in the paediatric age group and even fewer involv-
ing neonates who are well known to have distinct pharmacokinetics. There is a
dearth of knowledge from controlled or randomised clinical trials, and interpreta-
tion of studies conducted so far is hampered by the difficulty in comparing results
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using different drug doses, duration of therapy or follow-up period, as well as dif-
ferent study end points. In neonates, plasma levels comparable to those found in
adults can be achieved with intravenous (IV) dosing of 6 mg/kg/dose twice daily
(Table 2).

Table 2 Pharmacokinetic parameters of ganciclovir in neonates

Single Crax Number
Age dose? Cl (L/h/kg) Vd (L/kg) (pg/mL) ty (h) References  of cases
4-49 days 4 mg/kg 0.19£0.03 0.67+0.0755+04 24+04 Trangetal. 14
2-30days 6mgkg 0.21+£0.02 0.75+0.077.0£05 24+04 Trz[;z]et al. 13
NA 4-6 mg/kg 042 £0.08 1.8+£0.32 NA NA Zh[c?us]et al. 27
Adult NA 028 +£0.11 1.1£030 6.6+08b43+1.6 Pa?igli etal. NA
[35]

Adapted from Pacifici et al. [35]. The figures are the mean & SEM.

4Ganciclovir was administered by an intravenous infusion over 1 h.

bFollowing a single 6 mg/kg dose over 1 h of infusion.

Reproduced from Expert Rev. Anti-infect. Ther. 4(6), 1005-1020 (2006) with permission of Expert
Reviews Ltd. [36].

Changes in body weight and age have been correlated with changes in the vol-
ume of distribution and creatinine clearance of GCV, respectively [33, 34]. A recent
pharmacokinetic study in a group of congenitally infected infants aged 30 days or
less at the start of treatment showed an increase of 73% in renal excretion of GCV
from 3.8 mL/min/kg on day 4 to 6.8 mL/min/kg on day 34 following a dose of IV
GCYV,; a corresponding decrease in the area under the curve (AUC) of 41% over
the same time period was observed [37]. This has potential implications for dosing
regimens during prolonged periods of GCV treatment used in the period of rapid
postnatal growth seen in neonates.

Even in older children, very limited GCV pharmacokinetic (PK) studies have
been performed, usually in children treated for CMV after renal transplantation.
After a first report in three children [38], the main study from the same group
reported on a further 11 children with a mean age of 11 years [39] and the dose
of 5 mg/kg used in this study has now been widely adopted, based on very lim-
ited data. Another study has subsequently reported sub-therapeutic trough levels
(<0.5 mg/L) in 8/9 children treated with this dose of IV GCV, as well as wide inter-
and intra-patient variability [40].

2.1.2 Valganciclovir

VGCYV is the L-valyl-ester pro-drug of GCV and after oral administration it is
rapidly converted to GCV by hepatic and gastrointestinal esterases. Unlike GCV,
VGCYV is a substrate for peptide transporters in the intestinal wall, explaining its
enhanced bioavailability when given orally [41]. In adult studies oral bioavailabil-
ity has been reported to be around 60% when taken with food (compared to 6%
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for orally administered GCV). In adults GCV exposure, expressed as mean AUCy4,
following 900 mg oral VGCV administration is comparable to that achieved with
5 mg/kg IV GCV [42].

Population pharmacokinetics in a phase II evaluation of VGCV solution con-
ducted in congenitally infected neonates suggested a dose of 16 mg/kg twice daily
as giving equivalent drug exposure, measured using AUC, to the 6 mg/kg IV GCV
used in earlier studies conducted by this same group. Very wide variation in AUC
was noted [43]. One case report has commented on the need to adjust dosing of
VGCV frequently to maintain adequate plasma levels [44].

The phase II study described above reported oral bioavailability of only 48%
on day 6 which increased to 64% at day 36. It has been hypothesised that this is
due to maturation of the GI and hepatic esterases involved with de-esterification
of valGCV to active GCV with increasing post-conceptional age [37]. Due to the
concurrent increase in renal clearance of GCV described above, overall AUC only
decreased by 15% following a dose of oral VGCV, compared to the 41% decrease
seen with administration of IV GCV. More recent data on the use of VGCV in a
paediatric renal transplant population of 22 children identified creatinine clearance
and bodyweight as individual factors influencing the apparent oral clearance [45].

2.1.3 CSF and CNS Penetration

The parameters affecting penetration of drug into the CSF and brain parenchyma are
complex and are not well described for GCV [46]. Cerebrospinal fluid concentra-
tions of GCV in adults indicate a penetration of 24—67% [47]. Data are very limited
and there are no studies in the paediatric age group or neonates in whom differences
in the blood—brain barrier or the transport systems involved may alter drug availabil-
ity to this compartment. There are no existing data relating to penetration of GCV
into CSF or brain parenchyma following oral VGCV administration. Data obtained
for aciclovir and valaciclovir have shown stable levels in the CSF when compared
to serum implying that the CSF may act as a reservoir for drug. This may imply that
absolute peak serum levels of drug are not important and equivalent drug exposure
measured by AUC may be sufficient [48]. These studies have also found that timing
of sampling of CSF may also not be important once steady state has been achieved,
as shown by similar CSF concentrations found after 6 days and after 6 months of
oral treatment with valaciclovir. One of the key questions raised by the use of oral
VGCYV, particularly in unwell infants with CNS disease, is whether the same CSF
levels are obtained using VGCV compared to IV GCV.

2.2 Pharmacodynamics

Two early studies found better virological responses with a higher dose of GCV,
and/or increased therapy duration (one study compared 6 mg/kg twice daily dose of
GCV to 4 mg/kg twice daily; the other compared 5 mg/kg twice daily for 2 weeks
with 7.5 mg/kg twice daily for 2 weeks followed by 10 mg/kg three times weekly
for 3 months): those babies achieving viral suppression in the urine at the end of the
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treatment course in both these studies had a better neurological outcome [49, 50].
Other authors have reported on the increase in symptoms from CMV following
termination of treatment associated with a corresponding increase in viral load
[44].

In a recent study treating congenitally infected babies with VGCV only 6/18
viraemic babies were CMV PCR negative at the end of 6 weeks treatment [37]. In
this study viral suppression correlated neither with clinical resolution nor with any
of the pharmacokinetic parameters measured (Cpax, AUC12, Clast, Tlast)- However,
Cmax and AUC were correlated with decreased white cell count and absolute
neutrophil count.

Cinque et al. reported that CMV DNA in CSF of seven adult HIV patients with
CNS disease was undetectable by PCR at the end of 3 weeks GCV treatment in
three patients with low-level virus detected at start of treatment and was decreased,
but still detectable, in four patients with a higher starting value. At autopsy, virus
was detectable in CNS by PCR in 4/4 patients, including three of those who had
continued to have detectable CMV by PCR [51].

Preliminary data from our group have shown that during a standard course of
antiviral treatment, viral load decreases but is rarely fully suppressed in blood,
urine or saliva. Indeed in 15 babies treated with 6 weeks’ GCV, virus was still
detectable at the end of treatment in 8/12 (67%), 8/10 (80%) and 2/5 (40%) of
those with blood, urine and saliva samples available (Luck, personal communica-
tion). Following treatment cessation a rebound in both urine and salivary viral load
is observed, with an increase in viraemia; this has not been widely reported in the
adult literature.

Viral half-life in the first week of treatment has been estimated to be around 2.37
days using data derived from a study by Kimberlin et al. ([37] and unpublished
observations). This is similar to rates calculated in patients with HIV infection, or
following liver transplant and bone marrow transplant (2.56, 2.36 and 1.52 days,
respectively) [52]. With more frequent sampling, the half-life of decline in CMV
in HIV-positive patients was actually closer to 0.9 days. This observation has also
been replicated in preliminary results of our studies with the half-life of decline in
CMYV DNA in both urine and blood in the first 3 days of treatment being 0.56 and
1.81 days, respectively. The reason for the failure for virus to be fully suppressed in
blood does not therefore seem explicable by a difference in viral half-life, certainly
during this first phase of viral decline. Given the preliminary nature of these data,
correlation with clinical outcome is not yet possible.

2.3 Resistance

Resistance in CMYV is usually due to mutations in pUL97, which encodes the viral
protein kinase, or in the viral polymerase, UL54, gene and is associated with low
plasma levels of GCV [53-55]. The use of oral GCV, and the hypothesised sub-
sequent exposure to low levels of drug for long periods, has been associated with
increased emergence of resistance mutations and clinical treatment failure [53, 55].
Sub-optimal dosing of GCV in children may likewise select for viral resistance and
subsequent treatment failure.
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2.4 Drug Levels

Routine therapeutic drug monitoring of GCV is not performed as part of standard
clinical care in adults as there has been no clear correlation demonstrated between
drug levels and clinical efficacy. There remains a real paucity of data on drug levels
following routine treatment in infants and children and the relationship between
drug levels and clinical outcome. Pilot data from our group, in collaboration with
the Bristol Antimicrobial Reference lab (BCARE), have shown that in 339 trough
samples GCV levels are significantly lower in younger children and those aged 5-18
years when compared to adults (Fig. 1).
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Fig. 1 Trough levels of ganciclovir (mg/L) in 192 children aged under 18 years compared to 147
adult GCV levels

As discussed above, there is a real concern that in older children sub-therapeutic
levels may be common, leading to treatment failure and the development of
resistance, particularly if longer treatment courses are being considered. In the
congenitally infected group, monitoring treatment according to clinical and viro-
logical response poses a further challenge whereby the outcomes of interest are
not immediately evident during treatment. The need for further data in this area is
apparent.

2.5 Safety

Laboratory abnormalities reported during the Collaborative Antiviral Study Group
(CASG) randomised study of IV GCV [56] were assessed utilizing NIAID Division
of AIDS (DAIDS) toxicity tables. The most frequent adverse event was neutropenia,
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which was experienced by a higher proportion of patients on the GCV arm of the
study. Twenty-nine (63%) of 46 GCV-treated patients developed Grade 3 or 4 neu-
tropenia during the 6 weeks of study drug administration, compared with 9 (21%)
of 43 patients in the no-treatment group over the same period of time (P < 0.01).
Dose adjustments were required for neutropenia in 14 (48%) subjects, although only
four patients had the drug permanently discontinued. In all affected patients, the
neutropenia resolved.

Anaemia was also more common in patients who received GCV (8 vs. 3%
untreated patients), although the incidence of thrombocytopenia appeared com-
parable in the two treatment groups (2% GCV-treated patients vs. 3% untreated
patients). The incidence of bloodstream infections, haematochezia and diar-
rhoea was also higher in patients who received GCV. Neurotoxicity, although
very rare, has been documented in adults and is generally associated with
poor renal function as GCV is almost completely renally excreted. Long-term
side effects of treatment are also of potential concern in the paediatric age
group. In animal models decreased spermatogenesis has been observed causing
infertility. Increased tumours, lymphoma cell mutagenesis and DNA damage at
doses lower than the anticipated human dose exposure have also been reported
in animal models and in vitro (http://www.rocheusa.com/products/valcyte/pi.pdf;
[57D).

In view of the concerns relating to carcinogenesis and gonadal toxic-
ity, long-term follow-up of 47 children enrolled into a phase II trial of
GCV as neonates between 1986 and 2001 has been conducted. Data relat-
ing to cancer incidence, sexual development and pubertal development in this
small group of children is awaiting publication (http://clinicaltrials.gov/ct2/show/
NCT00031421?term=ganciclovir+and+puberty&rank=1).

There are no other initiatives in place, to our knowledge, to conduct long-
term monitoring of the subsequent development of neonates or older children
treated with GCV or VGCV. We have recently developed a novel web-based
pilot register for CMV-infected infants treated with GCV and VGCV. This is
part of a pan-European treatment initiative to facilitate long-term post-treatment
surveillance and linkage where possible of treated infants to cancer registries
(www.ecci.ac.uk).

3 Clinical Studies of GCYV in Childhood CMYV Infection

3.1 Congenital CMV

Reports of treating congenitally infected neonates with severe CMV inclusion dis-
ease started to emerge in the mid-1990s. Case-based reports predominated and
initially showed a trend towards improved outcome with treatment courses of IV
GCV with publication bias being of possible concern (see Table 3).



253

Antiviral Therapy of CMV Disease in Children

Jeym pagroads jou
— KIIOTX0) 0] 9Np PISLIIOP
9s0p SNIp USIP[IYD 93IY],

3y/8w g1

%61 Pue 3/3W § %€9

ur eruadonnaN *(dnoi3 asop
o’a Ul €) 9 Ul payIpowt
9s0(] "A1101X0) 01 NP
paddoys 3nip (dnoi3 asop

dn-morjoJ

0) SSO[ 9318 "pajean

jou sarqeq onewoydwAs

€/ 01 paredwod

1834 | 18 onewoldwAs

S[EIIATIUR ()IM PJBaT)
uaIpqIyo onewoydwAs O[/1

Surreay paaoidwir 1o
PISI[IqeIs Y)Im PIJL[ALIOd
sonjounjoorULIBYJ
‘uorssarddns [exa
paaoxdwr Apjueoyrusis
3y/3w 7] -owoono
[e2150[0INAU UT 9OUIIIIP
ON "PRAJOSAI SHIUNAI PIM

SYeoM ¢ WINWTUTA

$1001J0 OIS JI

Kep/3y/3w ¢

0] PSP
AI Kep/3y/8w o]

AL Kep/3y/3w |

(onewoydwks

%) JUAUIBAI)

ou aury “(onewoldwAs

9%8%) pajean [ :Sjeuodu
Po3oQJuI A[[BIURSU0D ()¢

qjuowr >

[o1]
‘[e 10 uuewnRg

-syoem[ey

3583sIp SND YIM S31qeq §T

‘plo yiuow-|>
"SND SutAjoAut AND

Uod UT UIP[TYD JO %6T) Ly/6  €1/8 (%6) L/ AeoN YoM 9 AI Aep/3y/8wr g onewoidwks qum sarqeq 1 [0G] T2 30 Loprym
yoom 1od x ¢
Syy/Sur o1 uay
juowaAoxduwr syjuow Al Aep/3y/3w ¢
[eDIUT[D PEY ULIP[IYO 9AY [[V € UAT) $Y22M 7 (9=N) zdo
QUIOJINO [ewLIou pue
juawraAoxdwr [eorurd pey
9[qe109)9puUN SNIIA WOYM
ur $9Iqeq OMJ, -dWoo)no
[ewIou Jo paAoxdur
Junod [rydonnau paseardap pey sunmn ur YN Kep/3y/3w O
pey ¢ do urjuened suQ AND uaisisod yim /() oM g (9=N) 1dD sjuejuI 7| [6¥] 0ISIN
$109JJ9 9pIS awodnQ uonein( ADD aso( sjuaned Apms

UOT}OQJUI SNITAO[BFIWO0IAD [B3Tud3uod onewojdwAs jean o JAo[o1oues Jursn sAApnjs Jo Arewrung ¢ J[qeL,



M. Sharland et al.

254

[9€] *prT smarady 1edxy jo uotssiwred Ym (9007) 0TOI-S00T (9 oY, 19JuI-NuY "Ady Hadxy woiy paonpordoy

dn-mof[oJ Je Ssof [ensia ou
‘paroxdur spTuTIRIOLIOYD
im sjuaned om],
‘paaoxdwur ssof Surreay
So1qeq OM, "SIOYIP

paytodar JoN [eo130[0InaU SAIqRq [[V

Kep/3yy/3ur 06
SurA10031 priyd ur eruadonnay  swoydwAs jo uorssardord oN
JUQWUSSISSE I8 JS9q UO
pareanun 9,89 0) paredwod
Surreay Suruasiom sarqeq
PaIean Jo 95,17 ‘Tedk 11V

SUOT)OJUI I3JOYIed ¢
‘eruadonnau 4 10 ¢ 9peI3 9,¢9

UQIP[IYD 991} U U0}

ur Juauraaoxduy Surreay

paroxduwir UIP[IYd G/€ “SSO]
Surreay jo uorssaiord oN

swo[qoid paje[oI-10JayIed
uQIp[IYo XIs ‘eruadonnau
juopuadop-asop pIyd U0

(r1Q@ uerpaw)
SHA—-0d (QuawaA[oAUl
SN 10 Surua)eary}-oy1)

AND [ENUSTU0D [09]

syeam /-7 AT Aep/3y/Sw g1—¢ onewojdwfs jo soseo x1§  ewilery-eyeur],
ADD
stpuowr 7[-9 - od Kep/3y/Sur 06-0¢
swoydwAs
[eo1S0[0INaU PIM [[€ 23e JO [6S]
Syoam 9 A Aep/3y/Swi g]—8 SYIUOW ¢ UBY) SSI[ SAIqRq QAL  sowrey pue oloy
JUSUIIEaI) OU S[ONUO0D (srep 0
3NIp PoAIddAI L PO SAep [eLI} pasTwOpuel
0 UBY) SS9 PI[[OIUF ISBISIP K[uo) [96]
$Y0oM 9 AI Kep/3y/3w g1 SND WM [[e SdIqeq 00T °[2 J0 UIIquITy|
ADD
s1eak ¢ 01 sypuowr g od dsop/ wy/3w 0G6

sypuour §1-8°G AI Kep/3y/3w ¢

[8¢]
‘T8 39 S[QRYDIA

*(p1o sKep O] uey) sso[ pajIe)s

YoM T AI Kep/3Y/3W 0T 6/S) TeaA T Uey) SO UIPIYd 6

$100JJ0 OpIS QwoonQ

uonein ADD 9soq syuaned Apmg

(ponunuod) € AqEL



Antiviral Therapy of CMV Disease in Children 255

In 1997 Whitley et al. first reported an improved virological outcome with a dose
of 6 mg/kg IV GCV twice daily when compared to 4 mg/kg twice daily, with a
trend towards better neurological outcome in those receiving the higher dose [50].
The dose chosen in this initial study was based on pharmacokinetic data targeting
a similar area under curve to that achieved in treatment regimes in adults [33]. Six
weeks was chosen as the duration based purely on this being the considered upper
limit of acceptability for intravenous therapy.

A randomised, although not placebo-controlled, study was subsequently con-
ducted by the US CASG (CASG 106) in which 100 babies less than 1 month of
age and of more than 32 weeks’ gestation with evidence of CNS signs/symptoms
of CMV disease were enrolled. These babies were randomised to receive either 6
weeks IV GCV or no treatment. Six weeks was chosen to be compatible with the
previous randomised-controlled trial. In this study, which took 10 years to com-
plete, none (0%) of 25 GCV recipients had worsening of hearing in their best ear
between baseline and 6 months, compared with 7 (41%) of 17 patients in the no-
treatment group [adjusted P-value < 0.001; OR 21.11 (95% CI: 2.84, oo)]. Five
(21%) of 24 GCV recipients had worsening of hearing in their best ear between
baseline and > 1 year, compared with 13 (68%) of 19 patients in the no-treatment
group [adjusted P-value = 0.002; OR 10.26 (95% CI: 1.79, 81.92)]. GCV-treated
patients also had a more rapid median time to normalisation of ALT (19 days) com-
pared with patients in the no-treatment group (66 days) (P = 0.03) and a greater
degree of weight gain (P = 0.02) and growth in head circumference (P < 0.01) at
the end of 6 weeks treatment [56]. Importantly, subsequent analysis of neurologi-
cal outcome has also shown, in the 74 infants with data available, that those who
received antiviral treatment had fewer delays in the acquisition of expected devel-
opmental milestones (assessed using the Denver developmental assessment tool)
compared to those in the untreated group [9.78 vs. 17.14 (P=0.007)] [61]. There
are theoretical benefits in treating all symptomatic babies (not just those with CNS
symptoms at birth), based on earlier cohort studies finding petechiae and IUGR to
be independent risk factors for subsequent hearing loss [6]. In addition, the observa-
tion that some of the favourable outcomes seen in the earlier randomised-controlled
study only reached significance in assessments close to the time of drug termination
and the knowledge that neurological development continues for some years postna-
tally suggest that longer treatment courses are rational; such studies are now feasible
with the availability of an oral preparation. A placebo-controlled, double-blind, ran-
domised study (CASG 112) comparing 6 weeks vs. 6 months of oral VGCV has
commenced recruitment in the USA (and will shortly start recruiting in Europe)
aiming to address some of these issues.

Oral VGCYV solution is now commercially available from Roche and licensed
in Europe for treatment of CMV disease in patients aged over 18 years. The solu-
tion has good stability data and has a reasonable concentration of 50 mg/mL. This
makes treatment outside formal studies possible and appealing to many clinicians.
There is already increasing use of this drug in an off-label, unlicensed, manner
in children in Europe including the prolonged treatment of babies infected with
congenital CMV (personal communications). The use of oral VGCV allows earlier
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discharge with treatment in the ambulatory setting, reducing costs and decreasing
the complications associated with long-term venous access. The latter has spe-
cial relevance for lower resource settings. However, recruitment into the CASG
112 study should be encouraged wherever possible (the USA and the UK) to
provide the evidence for or against using a longer duration of treatment than
6 weeks.

3.2 Clinical Use of GCV in Postnatal CMYV Infection

The evidence for efficacy of treating premature infants with CMV is very sparse
and is based purely on a few case reports [62, 63]. There are few data on treat-
ing postnatally infected, premature infants and pharmacokinetic data only exist for
those treated for congenitally acquired infection aged more than 32/40. A number
of authors have described benefit in using GCV for treatment of neonatal hepati-
tis and cholestasis and gastrointestinal manifestations [64, 65]. The studies already
discussed above found a more rapid normalisation of AST in congenitally infected
babies, although all subjects (including those not receiving treatment) had even-
tual resolution of liver enzyme abnormalities [56]. Other authors have observed that
babies either controlled virus themselves, had spontaneous resolution of their symp-
toms or that GCV treatment had no obvious benefit [23]. If treatment is commenced,
GCV is the standard of care. The optimal dose, duration and clinical efficacy are
largely unknown. GCV remains the drug of choice on neonatal units, despite this
almost complete lack of data.

3.3 CMYV Disease and GCV Treatment in Older
Immunocompromised Children

The strategy of pre-emptive therapy based on regular screening by CMV PCR and
treatment of positive viraemia with GCV has been widely adopted and taken up by
paediatric transplant units. Again there are very limited data at all on the efficacy of
this approach and the optimal dose of GCV to use. Although a 12 mg/kg/day dose is
used now for congenital CMYV, in older children and adolescents the standard dose
is 10 mg/kg/day.

Local transplantation treatment protocols vary, but in Europe include

e In HSCT
a 2-week IV GCV period followed by oral VGCV (VGCYV stopped when level of
immunosuppression is decreased)

e InSOT
prophylaxis in high-risk patients: oral VGCV (VGCYV stopping when level of
immunosuppression is decreased)
pre-emptive treatment: a 2-week IV GCV period followed by oral VGCV based
on detection of CMV PCR or antigenaemia.
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There is a need for more detailed PK studies to provide improved dosing
recommendations, monitoring and dose adjustment schedules in this age group.

4 Summary

Both GCV and VGCYV are increasingly being used in babies and children. Despite
this, there are major limitations in the evidence base underlying their clinical use.
The recent failure of Maribavir in its pivotal phase III trial means that there is
unlikely to be any new anti-viral treatment for CMV disease entering clinical prac-
tice for many years. The therapeutic market for CMV infection is small and GCV is
now off patent. VGCV is only licensed in adults. Current agents have major toxici-
ties. There is a need to develop long-term treatment registries to follow-up children
treated in early childhood. These registers have major ethical, financial and regula-
tory difficulties. This review has highlighted the main areas of clinical disease and
indications for treatment. The lack of key data in specific areas, especially premature
infants, CSF penetration, surrogate markers of efficacy and data in older children has
been outlined along with suggestions for future trials that need to be conducted to
improve the evidence-based prescribing of antiviral therapy in children with CMV
disease.
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