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SUMMARY
Nearly all glioblastomas (GBMs), brain tumours with very
poor prognosis, are infected with human
cytomegalovirus (CMV). The anti-CMV drug
valganciclovir (VGCV) has shown promise as a treatment
option for patients with GBM, but its penetration into
the central nervous system (CNS) is unknown. Here we
describe a patient with GMB receiving VGCV in whom
an intracerebral microdialysis catheter was implanted and
ganciclovir (GCV) concentrations in brain extracellular
fluid (BECF) and serum were monitored. GCV was
rapidly absorbed. Cmax values (at 3 h) in serum and
BECF were 19.6 and 10.2 mmol/L, T½ values were 3.2
and 4.5 h, and plasma and BECF AUC0−∞ values were
90.7 and 75.9 mmol h/L, respectively. Thus, VGCV
treatment results in significant intracerebral levels of GCV
that may be sufficient for therapeutic effects. Further
studies of this drug in patients with GBM are warranted.

BACKGROUND
Glioblastoma (GBM), the most common primary
brain tumour, is extremely malignant.1 2 The mean
duration of survival after diagnosis is 12–15
months and has improved little in the past three
decades.3 4 Few patients live longer than 3 years
despite optimal surgical removal of the tumour,
and aggressive radiotherapy and chemotherapy.
Human cytomegalovirus (CMV), a member of

the herpes virus family, infects and is carried by 70–
100% of people in populations across the world. In
healthy hosts, CMV infection is generally clinically
silent; however, in immunocompromised hosts,
such as transplant recipients and patients with AIDS,
the virus may cause fatal disease.5 After the primary
infection, CMV establishes a latent infection that
may be reactivated during inflammatory episodes.
The CMV genome and proteins have been found in
several malignant tumours, such as malignant
glioma, medulloblastoma, neuroblastoma, epiderm-
oid salivary gland tumours, rhabdomyosarcoma and
cancers of the colon, breast and prostate.6–19 CMV
is not considered to be oncogenic. Instead, it is con-
sidered to be an oncomodulatory virus, reflecting its
potential ability to modify tumour cell biology and
contribute to cancer development.7 20–23

We recently showed that treatment with the anti-
viral drug valganciclovir (VGCV) reduces tumour
growth in animal models of human CMV-positive

flank xenografts of medulloblastoma and neuro-
blastoma.14 15 We also performed a clinical trial to
evaluate the safety and efficacy of VGCV treatment
in patients with GBM.24 Current data from our
centre demonstrate highly improved survival
among GBM patients receiving VGCV in addition
to conventional therapy.25

Ganciclovir (GCV), an acyclic guanosine nucleo-
side analogue, is the mainstay for treating patients
with CMV infection and can be administered
intravenously or orally as the prodrug GCV or
VGCV. Orally administered VGCV has a much
higher bioavailability than orally administered
GCV (50–60% vs <10%), and results in blood
concentrations similar to those after intravenously
administered GCV.26 GCV has a very low level of
protein binding and is excreted unchanged in the
urine by glomerular filtration and tubular secretion;
the clearance rate is ∼230–260 mL/min in partici-
pants with normal renal function. The serum peak
and trough concentrations of GCV are 20–35 and 2–
4 mmol/L, respectively.27 28 Very few measurements
of GCV concentrations in the central nervous system
(CNS) have been reported, but a concentration of
10.2 mmol/L (2.6 mg/mL) was measured in cerebro-
spinal fluid (CSF) 48 h after GCV administration in a
bone-marrow transplant patient with impaired renal
function.29 The plasma concentration was
15.1 mmol/L (3.85 mg/mL). VGCV is rapidly metabo-
lised in the gut and liver to GCV, which is respon-
sible for its therapeutic effects.
Although VGCV appears to be a promising treat-

ment for GBM, it is not known how well GCV
penetrates the CNS after VGCV administration,
and hence the optimal dose has not been deter-
mined for patients with GBM. To use VGCV for
long-term treatment of patients with GBM, it is
therefore important to determine whether sufficient
concentrations of GCV reach the CNS after oral
administration of VGCV.
Cerebral microdialysis enables the monitoring of

the cerebral metabolism.30 This technique allows
continuous monitoring of metabolic changes in
tissue, and even pharmacokinetic studies can be
conducted with microdialysis techniques,31–35

which mimic the blood capillary function. A thin
dialysis tube is placed into the tissue to analyse the
chemical composition of the interstitial fluid or for
the measurement of other substances.
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Here, we report the results from a patient in a clinical trial
who underwent re-operation for GBM. During the procedure, a
microdialysis catheter was implanted adjacent to the lesion. Our
aim was to obtain samples of brain extracellular fluid (BECF),
and monitor GCV concentrations in BECF and in plasma over
time after oral VGCV intake.

CASE PRESENTATION
The patient was a 59-year-old man undergoing re-operation for
GMB. He weighed 88 kg, had a serum creatinine level of
71 mmol/L and an estimated glomerular filtration rate of
100 mL/min. During the operation, a microdialysis catheter
10 mm long and 0.6 mm in diameter was implanted in the adja-
cent tissue to the resected tumour to analyse GCV concentra-
tions in BECF in the operated area after repeated VGCV
treatment (900 mg/day). The catheter was perfused with perfu-
sion fluid CNS (M-dialysis, Stockholm) at a rate of 0.3 mL/min
via a pump (CMA 106). This procedure was approved by the
regional ethics committee in Stockholm (D no 2007/389-32).
The microdialysis catheter was implanted adjacent to the
tumour in the left frontal lobe after macroscopic resection of
the contrast-enhancing tumour. A CT scan demonstrates the
location of the catheter in figure 1B. Reference samples were
collected from serum. During the day of the microdialysis mea-
surements, the patient had taken the following medications in
addition to valganciclovir: betamethasone 16 mg and enoxa-
parin 90 mg twice daily. The patient had no antiepileptic drugs.

INVESTIGATIONS
This study was an open-label, oral dose study in a single patient.
On the morning of the study, the participant received two
450 mg capsules of VGCV. Blood samples (7 mL in K3-EDTA
Vacutainer tubes) were collected before and 0.25, 0.5, 1, 2, 3, 4,

6, 8, 10 and 12 h after VGCV administration. At the same time
points, samples were collected from the microdialysis catheter.

TREATMENT
Nine serum samples and 12 (3 per sampling time) microdialysis
samples were collected. The following pharmacokinetic para-
meters were measured or calculated for GCV in serum and
BECF: maximal concentration (Cmax), time to Cmax (Tmax), area
under the curve to time (AUC0−t), area under the curve to infin-
ity (AUC0−∞) and half-life (T½). Therapeutic drug monitoring
of serum GCV was carried out using a mass spectrometry
method. Aliquots of 100 mL serum samples were transferred to
filter vials and ultracentrifuged for 10 min at 14 600g. Filtrates
(100 mL) were vortexed after addition of penciclovir as internal
standard, and 1 mL of the sample was injected into a liquid
chromatography mass spectrometry system. The mass spectrom-
eter was operated in selected ion monitoring mode. The lowest
limit of quantification was 0.15 mmol/L and the limit of detec-
tion was 0.05 mmol/L.

OUTCOME AND FOLLOW-UP
After administration of VGCV, GCV was absorbed rapidly,
reaching maximum plasma concentrations after approximately
3 h (figure 1A). The pharmacokinetic data on GCV in serum
and BECF are presented in table 1. In both fluids, Cmax occurred
at 3 h. The GCV concentration declined at similar rates in
BECF and serum, but GCV had a slightly longer half-life in
BECF (3.2 vs 4.5 h). The microdialysis catheter was well toler-
ated, functioned well for all the sampling times, and was there-
after removed without complications. The location of the
microdialysis catheter in a postoperative CT scan is shown in
figure 1B. There was no contrast enhancement in this area.

DISCUSSION
This case study shows that the intracerebral GCV concentration
after oral administration of VGCV is sufficient for potential
pharmacological effects. We found a close relation between
serum and BECF concentrations measured in microdialysis. As
the microdialysis technique allows for monitoring drug metabol-
ism and delivery of drug within the fluid of the interstitial space
of, for example, a brain tumour and its surroundings,36 37 we
suggest that the intracerebral concentrations of ganciclovir
would be sufficient for an antiviral treatment response. In con-
trast, a pharmacokinetic study of CSF concentrations of acyclo-
vir in patients with multiple sclerosis38 showed similar CSF
concentrations at 2 and 8 h after administration, while the serum
concentrations declined. This difference may reflect slower

Figure 1 (A) After administration of valganciclovir, ganciclovir was
absorbed rapidly, reaching maximum plasma concentrations after
approximately 3 h. (B) The location of the microdialysis catheter in a
postoperative CT scan.

Table 1 Pharmacokinetic values after administration of
valganciclovir (900 mg)

Ganciclovir

Pharmacokinetic parameter Serum Brain extracellular fluid

Cmax (mmol/L) 19.6 10.2
Tmax (h) 3 3
T½ (h) 3.2 4.5
Ke ß (elimination constant) 0.216 0.153
AUC0−12 (mmol h/L) 90.0 61.9
AUC0−∞ (mmol h/L) 90.6 62.5
AUC0−24 (mmol h/L)* 98.6 76.9
Apparent clearance (mL/min) 649 775

*Calculated.
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transport of acyclovir in CSF than in BECF. The rate of concentra-
tion change in BECF may explain the rapid improvement during
and after a single haemodialysis session in patients with acyclovir-
induced neuropsychiatric symptoms. A haemodialysis session
removed ∼60% of the acyclovir and the potentially neurotoxic
metabolite 9-carboxymethoxymethylguanine, and resulted in rapid
improvement of the neuropsychiatric symptoms.39

Our clinical study evaluating the safety and efficacy of VGCV
in patients with GBM (Valcyte treatment of Glioblastoma
patients in Sweden) did not reveal any new safety concerns, and
VGCV was well tolerated when given in combination with
temozolomide, with or without radiation. Our retrospective
data on patients with GBM receiving VGCV in addition to
standard treatment showed that the 2-year survival increased
from 18% (n=137, contemporary controls) to 70% (n=40,
study group) in patients with GBM receiving VGCV for at least
6 months; the median overall survival increased from
13.5 months to 30.1 months. If VGCV treatment was continued
after 6 months, the 2-year survival was 90% (n=25) and overall
survival was 56.4 months.25

We conclude that oral administration of VGCV results in suf-
ficient intracerebral levels of GCV for therapeutic effects. Thus,
further randomised studies are warranted to test the hypothesis
that VGCV is an effective treatment for patients with GBM.

Learning points

▸ Oral administration of Valganciclovir (VGCV) results in sufficient
intracerberal levels of ganciclovir for therapeutic effects.

▸ Further randomised studies are warranted to test the
hypothesis that VGCV is an effective treatment for patients
with glioblastoma.
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