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ABSTRACT

Prevention of cytomegalovirus (CMV) disease with ganciclovir has led to decrease morbidity and
mortality in hematopoietic stem cell transplant (HSCT) recipients. In the present report, we describe a
case of ganciclovir treatment failure in a HSCT child who presented a refractory CMV infection despite
harbouring a susceptible strain. The failure was partly attributed to sub-therapeutic plasma ganciclovir
levels. Our experience emphasi zes the importance of drug monitoring in immunocompromised patients.
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CASE REPORT

Cytomegalovirus (CMV) infection remans a
major cause of transplant-associated morbidity
and mortaity, particularly in alogeneic
hematopoietic stem cell transplant (HSCT)
recipients.”” It has been reported in 23% of
unrelated umbilical cord blood (UCB) recipients’,
the most important risk factors being the
recipient’s CMYV -seropositive status,
immunosuppression state and the occurrence of
graft-versus-host disease.’ CMV disease can be
prevented by either antiviral prophylaxis or
preemptive therapies*® Ganciclovir (GCV), a
synthetic nucleoside anaogue with in vitro
activity against most human herpes virus,
including CMV, is the drug of choice for
treatment in HSCT recipients® but selection of
viral mutants may lead to treatment failure.’
However, drug resistance is not aways the cause
of treatment failure.

We report the case of a4-year-old boy, treated
at Sainte-Justine Hospital for a condition similar
to Wiskott-Aldrich disease with severe eczema
and congenital thrombocytopenia. For this reason,
he was given two umbilica cord blood
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transplantations (UCBT). As the first resulted in
graft rejection, he had a second UCBT two years
later for which he was given a conditioning
regimen including busulfan and
cyclophosphamide, as well as anti-thymocyte
globulin, methylprednisone and cyclosporine as
graft-versus-host disease prophylaxis (Figure 1).
Being seropositive for CMV, he was monitored
with weekly CMV Real Time quantitative PCR
(RT-PCR) in whole blood (limit of detection: 300
copiemL). On day 18 after the second UCBT,
the patient was asymptomatic and the vira load
was estimated at 1025 copiemL. Intravenous
(IV) GCV bmg/kg twice daily was dtarted as
preemptive therapy. The viremia returned to
undetectable levels after 30 days of treatment and
GCV was discontinued on day 83 post-UCBT
after two undetectable CMV vira load tests two
weeks apart. On day 97, the patient presented a
second asymptomatic CMV reactivation (viral
load: 1166 copies/mL) for which he was initialy
treated with IV GCV 5mg/kg twice daily (Figure
1).
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FIG. 1 Tempora Course
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The boy was till immunosuppressed as he
was receiving cyclosporine (10 mg/kg/day), with
a CD4 count of 60 x 10° cells/L. However, unlike
the first episode, CMV vira load continued to rise
despite therapy and reached a peak viremia of
109000 copiemL on day 122, after 11 days of
treatment. A GCV resistant strain was then
suspected. Therefore, GCV was replaced by IV
foscarnet 60 mg/kg every 8 hours and
cyclosporine dosage was reduced to 5 mg/kg/day.
A week later, on day 130, CMV vira clearance
was obtained with undetectable vira load.
Simultaneously, we observed a rise in the CD4
cell count to 260 x 10° cells/L. A genotypic assay
on the CMV dtrains from day 119 and day 122
was performed based on PCR-amplification and
DNA sequencing of two viral genes. UL54 and
UL97. By comparing their DNA sequence with a
list of common mutations known to confer GCV
resistance®, we found that these mutations were
absent suggesting this CMV strain should be

susceptible to GCV. Using high performance
liquid chromatography (HPLC) technique with
diode array detection, GCV levels were aso
measured in blood samples collected while the
patient was at steady state with the recommended
dosage of 5 mg/kg every 12 hours. GCV area
under the curve over 12h (AUC, 1), peak and
trough levels were 16.50 h.pg/mL, 5.54 pg/mL
and 0.15 pg/mL, respectively. Measurements of
trough levels were also done after reinitiating
GCV treatment on day 97 and showed trough
values between 0.13 and 0.20 pg/mL.

GCV is a potent antivira drug that is
primarily active against CMV, with a 50%
inhibitory concentration (1Csp) ranging from 0.4 to
1.5 pg/ml. Oral biocavailability of GCV is poor
(<10%) thus only intravenous formulations are
used for preemptive treatment.’® GCV is
eliminated by rena excretion and dose reduction
is required in patients with altered rena function.
GCV has led to reduction of CMV disease in
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HSCT recipients.* The most common methods
consist of universal prophylaxis or preemptive
strategies, which have been shown to be equally
effective.® According to the preemptive strategy
used at our institution, a weekly CMV RT-PCR is
performed and IV GCV (5 mg/kg every 12h) is
started as soon as CMV viremia is detected (300
copies/mL). This regimen is pursued until two
consecutive negative CMV RT-PCR tests.®

Although rare, CMV antiviral resistance has
resulted in treatment failure in children with
HSCT.” GCV-resistant CMV isolates may emerge
rapidly in bone marrow transplant recipients
especialy after receiving antiviral prophylaxis.™
Increase in vira load under GCV treatment is
often suggested as a marker of resistance and a
modification in therapy should be considered.™ In
this case, suspicion of a resistant CMV strain led
us to change treatment from GCV to foscarnet.™
In order to assess CMV drug resistance, we used
genotypic assays that detect mutations in viral
UL97 or UL54 genes, known to be associated
with drug resistance™ In our case, these
mutations were absent suggesting this CMV strain
should have been susceptible to GCV. However,
we could not confirm it by phenotypic assay due
to falure to isolate the virus. Therefore,
phenotypic resistance due to novel mutations
cannot be excluded.

Another hypothesis for such GCV treatment
failure was that drug plasma concentrations failed
to achieve therapeutic levels  despite
recommended dosages. Intravenous
administration of a 5 mg/kg dose of GCV in
adults produces peak plasma levels of 8 to 11
pug/ml.***™ Similar values were observed in
paediatric kidney transplant recipients after 1V
GCV administration (5 mg/kg every 12h).° Mean
plasma peak and trough concentrations were
found to be 11,7 pg/mL and 0,84 pg/mL,
respectively, with a mean AUCy 1, of 42.3 + 17.5
po.h/mL and were above those required to inhibit
50% of viral replication in vitro (ICs). These
concentrations were also much higher than those
measured in our patient. Whereas 1Csy has been
determined, there are no firm data correlating in
vitro susceptibility and in vivo pharmacokinetic
parameters to predict efficacy. Since no
therapeutic concentrations have been formally
established, systematic  therapeutic  drug
monitoring cannot be recommended at the
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moment. However, some authors suggest that
GCV treatment could be monitored with trough
levels.™ The recommended target range for trough
levels is 0.5-20 pg/ml, higher than trough
concentration measured in our patient. Indeed,
Piketty et a. have reported increased risk of CMV
progression in AIDS patients with GCV trough
plasma levels below 0.6 pg/mL.*® Moreover, in
solid organ transplant recipients, systemic GCV
exposure determined by AUC,,, has been
correlated with CMV viral load showing viremia
to be suppressed when AUC,,, reached 40 to
50h.ug/mL"’, values which are much higher than
those observed in our patient.

The real cause for the low systemic GCV
exposure observed in our patient remains unclear.
Because GCV is eliminated amost exclusively
unchanged in the urine, renal function may
contribute to inter- and intrapatient variability of
GCV levels in children.® In a study of nine
transplant recipients with a mean age of 5.6 years
and receiving IV GCV 5 mgkg every 12h,
Vethamutu et al observed trough levels ranging
from undetectable to 0.84 pg/ml (median of 0.20
pg/ml). For some renal transplant children who
received a kidney from a parent, they suggested
that the large rena reserve of the parental kidney
may account for the higher glomerular filtration
rate and, thus higher GCV renal clearance.
Population pharmacokinetics of GCV following
oral administration of valganciclovir in paediatric
renal transplant patients identified both creatinine
clearance and bodyweight as the most important
factors influencing GCV clearance. Since GCV
administration in our patient was solely based on a
bodyweight-normalized dosage, this may have
contributed to its reduced exposure to GCV.
While some indicate that dosing per body surface
area may have advantages over dosing per kg
body weight, others clam that may lead to
underexposure to GCV.'® Factors that could
explain low GCV plasma levels include drug-drug
interaction. However, at present, there are no such
interactions known to exist that could alter GCV
levels and explain the low systemic exposure in
our patient.

This case illustrates a GCV treatment failure
despite an apparent drug-susceptible CMV strain.
We hypothesise that the low systemic GCV
exposure aong with the profound state of
immunosuppression could have promoted CMV
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progression and treatment failure. Therefore,
given the inter- and intra-patient pharmacokinetic
variability described in the literature, GCV plasma

levels

monitoring may have a role

Pharmacokinetic/ pharmacodynamic parameters
could be auseful clinical tool when faced with CMV
treatment failure in highly immunocompromised

paediatric patients.

REFERENCES

1.

10.

e260

Meyers JD, Flournoy N, Thomas ED. Risk
factors for cytomegal ovirus infection after human
marrow  transplantation. J  Infect  Dis
1986;153(3):478-88.

Boeckh M, Ljungman P. How we treat
cytomegalovirus in hematopoietic cell transplant
recipients. Blood 2009;113(23):5711-9.

Albano MS, Taylor P, Pass RF, et a. Umbilical
cord blood transplantation and cytomegalovirus:
Posttransplantation  infection and  donor
screening. Blood 2006;108(13):4275-82.
Goodrich JM, Bowden RA, Fisher L, Keller C,
Schoch G, Meyers JD. Ganciclovir prophylaxis
to prevent cytomegalovirus disease after
allogeneic marrow transplant. Ann Intern Med
1993;118(3):173-8.

Small LN, Lau J, Snydman DR. Preventing post-
organ transplantation cytomegalovirus disease
with ganciclovir: a meta-analysis comparing
prophylactic and preemptive therapies. Clin
Infect Dis 2006;43(7):869-80.

Meijer E, Boland GJ, Verdonck LF. Prevention
of cytomegalovirus disease in recipients of
allogeneic stem cell transplants. Clin Microbiol
Rev 2003;16(4):647-57.

Eckle T, Prix L, Jahn G, et al. Drug-resistant
human cytomegalovirus infection in children
after allogeneic stem cell transplantation may
have different clinica outcomes. Blood
2000;96(9):3286-9.

Boivin G, Chou S, Quirk MR, Erice A, Jordan
MC. Detection of ganciclovir resistance
mutations quantitation of cytomegalovirus
(CMV) DNA in leukocytes of patients with fatal
disseminated CMV disease. J Infect Dis
1996;173(3):523-8.

Zhang D, Lapeyraque AL, Popon M, Loirat C,
Jacqz-Aigrain E. Pharmacokinetics of ganciclovir
in paediatric renal transplant recipients. Pediatr
Nephrol 2003;18(9):943-8.

Erice A, Borrell N, Li W, Miller WJ, Bafour
HH, Jr. Ganciclovir susceptibilities and analysis
of UL97 region in cytomegalovirus (CMV)

11.

12.

13.

14.

15.

16.

17.

18.

isolates from bone marrow recipients with CMV
disease after antiviral prophylaxis. J Infect Dis
1998;178(2):531-4.

Boivin G, Gilbert C, Morissette M, Handfield J,
Goyette N, Bergeron MG. A case of ganciclovir-
resistant cytomegalovirus (CMV) retinitis in a
patient with AIDS: longitudinal molecular
analysis of the CMV viral load and vira
mutations in blood compartments. AIDS
1997,11(7):867-73.

Reusser P, Einsele H, Lee J, et a. Randomized
multicenter trial of foscarnet versus ganciclovir
for preemptive therapy of cytomegalovirus
infection  after  alogeneic  stem  cell
transplantation. Blood 2002;99(4):1159-64.
Gilbert C, Boivin G. Human cytomegalovirus
resistance to antiviral drugs. Antimicrob Agents
Chemother 2005;49(3):873-83.

Faulds D, Heels R. Ganciclovir: a review of its
antiviral activities, pharmacokinetic properties
and therapeutic efficacy cytomegalovirus
infections. Drugs 1990;39:597-638.

Fletcher C, Sawchuk R, Chinnock B, Miranda P,
Balfour HH. Human pharmacokinetics for the
antivirak drug DHPG. Clin Parmacol Ther
1986;40: 281-6.

Piketty C, Bardin C, Gilquin J, Gairard A,
Kazatchkine MD, Chast F. Monitoring plasma
levels of ganciclovir in AIDS patients receiving
oral ganciclovir as maintenance therapy for CMV
retinitis. Clin Microbiol Infect 2000;6(3):117-20.
Wiltshire H, Paya CV, Pescovitz MD, et a.
Pharmacodynamics of oral ganciclovir and
valganciclovir in solid organ transplant
recipients. Transplantation 2005;79(11):1477-83.
Vethamuthu J, Feber J, Chretien A, Lampe D,
Filler G. Unexpectedly high inter- and
intrapatient variability of ganciclovir levels in
children. Pediatr Transplant 2007;11(3):301-5.

J Popul Ther Clin Pharmacol Vol 18 (2):e257-e260; May 10, 2011
© 2011 Canadian Society of Clinical Pharmacology and Therapeutics. All rights reserved.



