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1 | INTRODUCTION

Dennis A. Hesselink?? @ |

Brenda C. M. de Winter®?

Cytomegalovirus (CMV) infection frequently occurs after solid organ transplantation
and is associated with an increased morbidity and mortality. Fortunately, the devel-
opment of valganciclovir prophylaxis has lowered the incidence of CMV infection
and its complications in immunosuppressed solid organ transplant recipients. How-
ever, breakthrough infections during valganciclovir prophylaxis and late CMV infec-
tion after cessation of valganciclovir prophylaxis still occur with the current
prophylactic strategy. Additionally, valganciclovir resistance has emerged among
CMV strains, which complicates the treatment of CMV infections. Furthermore, the
use of valganciclovir is associated with myelotoxicity, which can lead to the prema-
ture withdrawal of prophylaxis. It is important to address these current issues in
order to improve the standard care after solid organ transplantation. This paper will
therefore discuss the clinical practice of valganciclovir prophylaxis, elaborate on its
issues and suggest how to improve the current prophylactic strategy with a possible

role for therapeutic drug monitoring.
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(i.e. primo CMV infection).? Symptomatic CMV infection can be cate-

gorized as CMV syndrome, which is associated with symptoms such

Transplantation is a life-saving procedure for the treatment of termi-
nal cardiac, liver and lung failure. It is also the preferred treatment of
end-stage renal disease, with superior clinical and patient-reported
outcomes compared to dialysis.

A major and frequent complication of solid organ transplantation
(SOT) is cytomegalovirus (CMV) infection. CMV is a herpesvirus that
is present in the majority of the adult population.? In immunocompe-
tent individuals, the course of a de novo CMV-infection is mainly
asymptomatic and reactivation rarely occurs. However, in immuno-
suppressed SOT recipients, CMV can cause major problems both by
the reactivation of latent virus in previously infected, seropositive

recipients and by the de novo infection of CMV-seronegative patients

as malaise and fever, and CMV disease which is comprised of organ-
specific disease such as pneumonia, chorioretinitis and colitis.?2 CMV
disease can have a fatal outcome.? Before the development of effec-
tive antiviral medication with anti-CMV efficacy, the prevalence of
CMV was high: the incidence of CMV disease has been reported in up
to 20% of liver transplant recipients.® Fortunately, the development
of medication such as acyclovir and ganciclovir have made it possible
to adequately prevent and treat CMV disease.* Today, valganciclovir,
a valine ester prodrug of ganciclovir with superior oral bioavailability,
is the most used agent for CMV prophylaxis and treatment in SOT.?
Although the incorporation of ganciclovir and valganciclovir into

standard care after SOT substantially improved outcomes, it has not
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eradicated all CMV-associated complications. CMV infection still
occurs frequently,® either through breakthrough infections during pro-
phylaxis or late CMV infection after cessation of prophylaxis. Another
complication is ganciclovir-resistance among CMV, which occurs in up
to 25% of CMV breakthrough infections,” and is associated with
increased mortality and morbidity.? Importantly, ganciclovir exposure
is also associated with myelotoxic effects,” which can necessitate
dose reductions or even early cessation of prophylaxis with the risk of
subsequent CMV infection in up to 15%.%°

The aforementioned problems have instigated researchers and
pharmaceutical companies to develop new anti-CMV drugs with the
aim of finding agents with superior efficacy and tolerability compared
to valganciclovir. Recently, such a new anti-CMV drug, letermovir,
was approved and registered for use in kidney transplantation.!!
Although these new drugs have great potential, they also come at
greater costs. For instance, the average price of letermovir in the
Netherlands is €327/day,*? which is >40 times higher than the price
of generic valganciclovir (€7.93/day).®® Therefore, it might be
worthwhile to improve valganciclovir prophylaxis in order to limit
ganciclovir toxicity, premature discontinuation, therapy failure and
ganciclovir resistance.

This paper will briefly review the current clinical practice of val-
ganciclovir prophylaxis for CMV infection prevention after SOT in
adults, and identify the issues that are associated with its current use.
The possible role of personalized medicine and therapeutic drug moni-
toring (TDM) to address these issues will be discussed and sugges-
tions will be made on how to fill the knowledge gaps regarding TDM

of valganciclovir.

2 | CLINICAL PRACTICE—DEVELOPMENT
OF A PROPHYLACTIC STRATEGY

This section will cover the development of valganciclovir as a prophy-
lactic agent to prevent CMV infection. It will briefly discuss the effi-
cacy of ganciclovir and valganciclovir and review some of the
available scientific evidence that supports the current consensus with
regard to prophylaxis duration and valganciclovir dosing in adults.
However, it is not an in-depth analysis of all available scientific evi-
dence of this matter. The interested reader is referred to several

recent systematic reviews and meta-analyses.*"1¢

21 | Ganciclovir—a potent inhibitor of CMV
Ganciclovir was developed in the 1980s as the first effective treat-
ment of CMV disease.r” It suppresses the replication of viral DNA by
selectively inhibiting viral DNA polymerase.’® The use of ganciclovir
as a CMV prophylactic in SOT was established in the 1990's and
thereafter.

In  the first
19,20

studies, ganciclovir was administered

intravenously, which limited the duration of prophylaxis. A short

course of intravenous ganciclovir significantly lowered the incidence

of symptomatic CMV for seropositive heart transplant recipients,*’
but a prolonged prophylaxis with intravenous ganciclovir was more
effective.?° However, due to late CMV infections, this significant early
difference diminished during study follow-up.?° Furthermore, the use
of intravenous catheters limited its practical applicability and led to
several complications.?°

Subsequently, the use of oral ganciclovir was studied, which
enabled a longer duration of prophylaxis. In liver-transplant recipients,
3 months of oral ganciclovir prophylaxis was safe and effective.®
Other studies also showed that oral ganciclovir was superior to oral
acyclovir for CMV-prevention after kidney transplantation,?! kidney,

heart or liver transplantation,?? and liver transplantation.?®

2.2 | Valganciclovir—a ganciclovir prodrug with
superior bioavailability

Although oral ganciclovir was an effective CMV prophylactic, ganci-
clovir was known for its low oral bioavailability of around 6%.%*
Therefore, a valine-ester prodrug of ganciclovir, valganciclovir, was
developed. Valganciclovir has a short absorption time and is rapidly
metabolized to ganciclovir.?> This leads to a 10-fold higher oral bio-
availability of valganciclovir compared to ganciclovir.zé

Oral valganciclovir was shown to lead to significantly less CMV
infection during prophylactic treatment compared to oral ganciclovir,
but late-onset CMV infection occurred frequently after cessation of
prophylaxis.?” Valganciclovir was also shown to be more effective
than a short course of intravenous ganciclovir,?® and equally
effective as 3 months of intravenous ganciclovir in seronegative

recipients.?’

2.3 | Prophylaxis duration—extending prophylaxis
for patients at risk

From the efficacy studies described above, it was shown that valgan-
ciclovir did not adequately prevent late CMV infections. Retrospective
studies found that patients after lymphocyte-depleting agents such as
alemtuzumab and seronegative recipients of a seropositive donor
organ (D+R—) were more at risk for late CMV infection.3® Extending
the duration of prophylaxis was suggested to decrease late CMV
infection in D+R— patients.® A large, randomized, double-blind trial
confirmed that 200 days of valganciclovir prophylaxis led to signifi-
cantly less CMV-infections during the first year after transplantation
compared to 100 days of valganciclovir prophylaxis for D-+R— kidney
transplant patients.3? In contrast, 3 months of prophylaxis seemed
appropriate after lymphocyte depletion®® and recipients with CMV
seropositive status.>* For lung transplant recipients, a further exten-
sion of valganciclovir prophylaxis up to 12 months post-
transplantation was shown to be safe and effective.®

In accordance with these findings, the international guideline of
the Transplantation Society state that a duration of prophylaxis

of 6 months is preferable for all D+R— kidney transplant recipients,
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while for liver, heart and pancreas D+R— recipients a duration of
3 months may suffice.®> Contrarily, longer duration of prophylaxis may

be considered for lung transplant recipients.®

24 | Prophylactic dose—current advice
Valganciclovir 900 mg once daily is the currently recommended dose
for CMV prophylaxis, both by the international guideline of the Trans-
plantation Society as by the manufacturer.>¢ This dose was shown
to have a comparable drug exposure as ganciclovir intravenously.?*”
The efficacy of this dose of valganciclovir was confirmed in the afore-
mentioned studies.?” %7

Valganciclovir 450 mg once daily has also been studied as a stan-
dard dose.*®%? |n seropositive kidney transplant recipients, a
reduced dose of 450 mg valganciclovir/day was found to have a
comparable efficacy and superior safety compared to 900 mg/day
after 6 months of prophylaxis®® and 3 months of prophylaxis®’
despite a high number of patients receiving lymphocyte-depleting
induction therapy. In seronegative, high-risk kidney transplant recipi-
ents, the results are conflicting. One retrospective study found com-
parable efficacy and less leukopenia after 6 months of 450 mg,*° but
another retrospective study found an increased risk of breakthrough-
infection.*? Studies of low-dose valganciclovir may have been con-
founded by differences in the kidney function of study participants.
As discussed below, the kidney function is an important factor that
influences ganciclovir exposure. The lack of measurements of ganci-
clovir exposure in these studies therefore limit the generalizability of
any conclusions regarding the safety and efficacy of low-dose valgan-
ciclovir. This, together with the paucity of the available evidence,
were reason to recommend against the routine use of low-dose val-
ganciclovir in the international guideline of the Transplantation

Society.”

2.5 | Dialysis and kidney function-adjusted dosing

Ganciclovir is primarily cleared by the kidneys.** Oral administra-
tion of valganciclovir in the standard dose of 900 mg valganciclovir
once daily will lead to higher ganciclovir concentrations in patients
with reduced kidney function,** which can lead to overdosing and
severe myelotoxicity.*® Therefore, valganciclovir is dosed based on
the kidney function.®® The current prophylactic dosing advice is
900 mg of valganciclovir once daily for patients with a creatinine
clearance (CrCl) >60 mL/min, 450 mg once daily with CrCl 40-
59 mL/min, 450 once every 2 days with CrCl 25-39 mL/min and
450 mg twice a week with CrCl 10-24 mL/min.%¢ Haemodialysis is
estimated to remove half of the amount of ganciclovir from the
body.*® Therefore, valganciclovir should be dosed after haemodialy-
sis. The recommended dose of valganciclovir is 100 mg after each
haemodialysis session.” However, recent reports showed that
higher doses might also be safe and effective: 450 mg 3 times a

week after haemodialysis leads to comparable CMV-infection and

myelotoxicity as kidney function-adapted dosing in patients not on
haemodialysis.*® Furthermore, compared to dosing 450 mg every
other day, 450 mg 3 times a week after dialysis led to higher cell
counts and comparable CMV-infection rates*” Lastly, a recent
study reported on the use of oral valganciclovir for patients on
continuous veno-venous haemodialysis and concluded that daily
dosing of 450 mg valganciclovir was safe and led to adequate
ganciclovir predose concentrations in this

specific patient

population.*®

3 | CURRENTISSUES—TARGETS FOR
IMPROVEMENT

31 |
effects

Ganciclovir-related toxicity—myelotoxic

The use of valganciclovir is associated with several side effects. The
most common side effects of valganciclovir, are myelotoxicity (neutro-
penia, anaemia and leukopenia) and diarrhoea.®® Although these
adverse reactions also commonly occur with other medication used in
SOT, it was shown that myelotoxicity occurs significantly more often
with valganciclovir prophylaxis.** The myelotoxic effects that are
observed with valganciclovir are caused by active ganciclovir. Ganci-
clovir interferes with leukocyte proliferation by inhibiting DNA syn-
thesis.>® Importantly, myelotoxicity has been recorded as a major
reason for early valganciclovir prophylaxis discontinuation,>* and sub-
sequent late CMV-infection.>? Risk factors for ganciclovir-related tox-

icity are high (val)ganciclovir doses and a decreased kidney function.>®

3.2 | Late CMV-infection—risk factors for
postprophylactic failure

CMYV infections commonly occur after cessation of valganciclovir pro-
phylaxis and both tissue-invasive, late CMV infection and CMV virae-
mia are associated with an increased risk of an allograft loss.>*5>
There are factors associated with a late CMV infection or a CMV
infection in general: the importance of the donor-recipient serostatus
is reflected in the indication for and duration of prophylaxis. D+R—
donor-recipient combinations have the highest risk of postprophylac-
tic failure. Other, potential risk factors for the development of late
CMV disease have been identified through retrospective studies in
kidney transplantation. Patient-related risk factors include patient
comorbidity,>* susceptibility to bacterial and fungal infections®* and
older patient age.”>® These risk factors can probably be interpreted as
an indicator of the frail patient. Immune-suppression related risk fac-
tors include recent rejection,>”*® the use of lymphocyte depleting
antibodies and higher mean tacrolimus predose concentrations.>?
These risk factors probably increase the risk of late CMV infection by
inhibiting the immune system to mount an adequate immune
response against CMV. Lastly, there are risk factors, such as a lower

59,60 t59

estimated kidney function, a higher bodyweight®” and delayed
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graft function (defined by the necessity of dialysis the first week after
kidney transplantation).>® It could be argued that these risk factors are
related to lower ganciclovir exposure: a patient with a higher body-
weight can have higher distribution volumes and may need higher
dosages for the same ganciclovir exposure. However, contrary to dos-
ing with ganciclovir i.v., valganciclovir is not adjusted for bodyweight.
Furthermore, lower kidney function or dialysis could lead to dose
reductions that are too strict for the actual kidney function. Because
these studies did not measure ganciclovir levels, the association
between these risk factors, low ganciclovir exposure and the

increased occurrence of CMV infection remains speculative.

3.3 | Ganciclovir-resistant CMV—important cause
of breakthrough infections

CMV resistance to ganciclovir soon emerged after ganciclovir
became available to treat severe CMV infection in AIDS patients.®*
With the use of ganciclovir in SOT, ganciclovir-resistant CMV dis-
ease also occurred in solid organ recipients.®? Different mutations
can underlie ganciclovir resistance, but the most common are muta-
tions in the UL97 and UL54 genes.®® UL97 is a viral protein kinase
that initiates the phosphorylation of ganciclovir, which is an impera-
tive process for ganciclovir to inhibit CMV replication.®® UL54 is the
viral DNA polymerase that incorporates the phosphorylated ganciclo-
vir in the viral DNA, thus inhibiting further DNA replication. Muta-
tions in both genes can results in ganciclovir resistance, but UL54
mutations can also result in cross-resistance against other anti-CMV
therapies, which can complicate the treatment of resistant CMV
disease.®®

Ganciclovir resistance is an important cause of CMV break-
through infections. The incidence of ganciclovir-resistant CMV differs
based on the transplanted organ and the CMV monitoring protocol.
The incidence ranges from 2.2% (in kidney transplant recipients who
were regularly monitored for any CMV viraemia),®* up to 22% in
patients that were selected because of high CMV titres under (val)
ganciclovir therapy.®®

Ganciclovir-resistant CMV disease has a significant effect on the
outcome of treatment. It is associated with a higher mortality and a
decreased kidney function.®® Risk factors for the development of
ganciclovir-resistant CMV are D+R— transplantation and prolonged
exposure to ganciclovir.®>¢® Ganciclovir-resistant CMV disease has
also been observed after subtherapeutic exposure to ganciclovir.®”
These risk factors reflect potential targets for the improvement of val-
ganciclovir prophylaxis with the aim of reducing ganciclovir-resistant
CMV-infection.

4 | THERAPEUTIC DRUG MONITORING
The appraisal of the current clinical practice and the associated
issues of valganciclovir prophylaxis after SOT in adults has identified

multiple targets for the improvement of the current prophylactic

strategy. Because ganciclovir exposure is related to both its efficacy,
toxicity and the development of viral drug resistance, monitoring of
ganciclovir exposure through TDM is suggested. Not all drugs are
good candidates for TDM. TDM can be considered for drugs that
meet certain criteria that were summarized by Buclin et al.%®
Valganciclovir meets some of these criteria: the treatment duration
of valganciclovir is sufficient for TDM to be feasible, and there is no
direct measurement of its clinical effect. Other criteria that a drug
should have to qualify for TDM are: a significant interindividual vari-
ability in exposure; a consistent concentration exposure relationship;
and a narrow therapeutic index. These will be discussed here. Fur-
thermore, the role of population pharmacokinetic models in TDM wiill

be reviewed.

41 |
exposure

Interindividual differences—variability in drug

The pharmacokinetics of valganciclovir and ganciclovir exhibit sub-
stantial interindividual variability.®” This is reflected by the large vari-
ability in ganciclovir exposure that is recorded after oral valganciclovir
in pharmacokinetic studies, with reported areas under the curve
(AUCs) ranging between 10 and 200 pg h/mL.© Part, but not all, of
this interindividual variability can be explained by variables such as
the kidney function, which strongly affects ganciclovir clearance, and
bodyweight, which has an effect on both the ganciclovir clearance
and the distribution volume of gancit:lovir.70 To illustrate, the variabil-
ity in clearance in these studies was around 33% despite the covariate
effects of CrCl.”2"73 Thus, ganciclovir exposure can differ between
individuals despite correcting for the kidney function. This is also
shown by the pharmacokinetic study of Caldes et al. who reported
AUCs between 20 and 85 pg h/mL despite renal function-adjusted
dosing.”*

Ganciclovir serum/plasma concentration measurements are read-
ily available in most transplant centres. A suggested approach to deal
with the persistent interindividual differences in ganciclovir exposure
despite kidney-function adjusted dosing, is by concentration-guided
dose adjustments in individual patients.?” However, this approach
requires stable within-subject variability over time. Within-subject
variability was shown to be negligible for intravenous ganciclovir
pharmacokinetics,”” intra- and interday differences were <15%,”° and
intra- and interassay variation was <10%.”' Furthermore, this
approach requires clear cut-off values that define the target for ade-

quate ganciclovir exposure.

4.2 | Exposure targets—what to aim for?

With respect to ganciclovir toxicity, AUCs were shown to only corre-
late weakly to myelotoxicity by Wiltshire et al.: median incidences of
40% of leukopenia up to 4 months post-transplant were predicted for
patients with an AUC of 34 pgh/mL and 50% with an AUC of
62 ug h/mL.”® Welker et al. found a trend of developing leukopenia or
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lymphopenia under higher ganciclovir exposure, but the number of
events and the range of ganciclovir exposure were limited, therefore
the findings were not statistically significant.”” Padullés et al. reported
a significantly higher incidence of anaemia in patients with AUC
values >50 pg h/mL, compared to patients below this value (51.9 vs.
26.6%, P =.010).”® However, it is unclear for what period patients
were overexposed. Most studies have found that predose concentra-
tions and peak concentrations are not significantly correlated with
toxicity during the treatment of CMV infection.”””?° In a single
report, therapeutic predose concentrations were found to correlate
with lymphopenia.? Importantly, ganciclovir predose concentrations
were recently shown to correlate with severe leukocytopenia after
valganciclovir prophylaxis in lung transplantation, with a cut-off value
of 0.87 ug/mL for predicting severe leukocytopenia.?? In summary,
ganciclovir exposure might be related to myelotoxicity, but the avail-
able evidence is scarce. The association of single concentration mea-
surements, either predose or peak, to myelotoxicity is even weaker.

Ganciclovir exposure is positively related to its efficacy. A ganci-
clovir AUC of 40-50 pg h/mL was found to effectively suppress CMV
viraemia during prophylaxis and until 1 month after cessation of pro-
phylaxis.”® With a target AUC of 40-50 or 40-60 pg h/mL, break-
through CMV infections could also be effectively prevented or
reduced.”””® In most publications therefore, an AUC of 40-60 ug h/
mL during prophylaxis is defined as on target exposure. A single con-
centration is easier to obtain than an AUC. Therefore, prophylactic
targets based on predose concentrations or peak concentrations
would be more useful in daily practice. Unfortunately, the available
clinical data do not support the use of either a predose concentration
target nor a peak concentration target, for neither was correlated with
the effectiveness of valganciclovir prophylaxis® or treatment of CMV
infection.

Ganciclovir-resistant CMV has developed after sub-therapeutic
exposure to ganciclovir, both after oral valganciclovir prophylaxis®”
and ganciclovir therapy for CMV infection.83 Although there is no
direct evidence of causality in these cases, subtherapeutic exposure is
a well-known risk factor for the development of drug-resistance.®”%*
Furthermore, some authors have reported success in the prevention
of ganciclovir resistance by aiming for ganciclovir predose concentra-
tions of 0.35-0.7 ug/mL with TDM.8®

4.3 | Population pharmacokinetics—model-
informed TDM

Population pharmacokinetic models can be used for model-informed
precision dosing (MIPD), which takes into account the interindividual
variability between patients and thereby optimizes ganciclovir expo-
sure. Multiple population pharmacokinetic models of ganciclovir and
valganciclovir were published in the last years. The probability of tar-
get attainment after standard, therapeutic valganciclovir dosing and
the effect of several covariates in different populations was estimated
with these models.®¢ Therapeutic target attainment was defined as an

AUC between 80 and 120 pugh/mL. Standard, therapeutic

valganciclovir dosing in adult patients was shown to lead frequent
overexposure (defined as an AUC above 120 pg h/mL).8¢ Extrapolat-
ing the outcomes of these simulations to the prophylactic doses sug-
gests frequent overexposure (>60 pgh/mL) after valganciclovir
prophylaxis too. MIPD that includes actual kidney function, body-
weight and current ganciclovir exposure, was suggested to improve

t.8% To our knowledge, only 1 study compared the

target attainmen
efficacy of such a model-based dosing algorithm to the standard kid-
ney function-adjusted dosing for valganciclovir prophylaxis in SOT.”®
This study, by Padullés et al., included 53 heart, kidney and liver trans-
plant recipients who received oral valganciclovir or intravenous ganci-
clovir for either CMV prophylaxis or therapy for CMV infection.”®
Patients were randomized to receive the standard, kidney-function
adjusted (val)ganciclovir dose (n = 27) or to receive an initial dose that
was calculated with a population pharmacokinetic model (n = 26). In
the latter group, subsequent doses were corrected based on MIPD.
The main study outcome was the percentage of patients that reached
target AUCs (defined as 40-50 pg h/mL). A significantly larger pro-
portion of patients that were dosed with the prediction model were
on target (88.6% of model-dosed patients vs. 22.2% of standard dosed
patients, P < .001).”% The time to reach target AUC was also signifi-
cantly shorter in the model-dosed patients (15.8 + 2.3 days vs. 55.9
+ 8.2 days, P < .001). Furthermore, the incidence of late-onset CMV
infection was significantly lower after model-informed dosing.”®

The measurement of a full AUC for ganciclovir requires frequent
sampling. This method is inconvenient for the patient, costly and bur-
dens the hospital facility. This limits the use of AUCs for the evalua-
tion of MIPD and for the implementation of TDM. In the study of
Padullés et al., AUCs were obtained with an optimal sparse sampling
schedule that was previously developed by the same research
group.®” With population pharmacokinetic models, an optimal sparse
sampling strategy can be developed that estimate accurate AUCs with
as few samples as possible. The optimal sparse sampling strategy used
by Padullés et al., was developed using simulations from a previously
developed population pharmacokinetic model for different sampling
schedules and kidney functions.8” Twenty sampling schedules were
evaluated and the optimal sparse sampling strategy to estimate the
AUCq_24 1, included 3 sample timed at 0.5-1.5, 4-5 and 6-8 h after
(val)ganciclovir administration.8” Importantly, this optimal sparse sam-
pling strategy was not externally validated. Furthermore, it was devel-
oped to estimate the AUCs of therapeutic (val)ganciclovir and was not
validated for the estimation of an AUC for valganciclovir prophylaxis.
Chen et al. also published a population pharmacokinetic approach for
valganciclovir prophylaxis.”®> With the development of a population
pharmacokinetic model in a training dataset, the use individual popu-
lation pharmacokinetic parameters in a validation dataset were esti-
mated with a Bayesian approach. These parameters were used to
estimate the AUCy_,4 , for different sampling schedules. A compari-
son of the estimated AUCs to the measured AUCs in this validation
dataset, showed that the optimal sparse sampling strategy to obtain
AUCs during valganciclovir prophylaxis included measurements at O, 2
and 4 h.”® Although Chen et al. did validate their model, it was a small
(n = 30) validation cohort that was generated with a random data



VAN VUGT ET AL.

1556 BRITISH
BICP PHARMACOLOGICAL:
“-vl SOCIETY
(>

split. The population consisted of all Chinese, kidney transplant recipi-
ents. Their model and limited sampling schedule should therefore be

validated in a larger population of different origin too.

5 | DISCUSSION—SUGGESTIONS FOR
FUTURE DIRECTIONS

Valganciclovir is an effective prophylactic to prevent CMV infection in
SOT. However, the prophylactic use of valganciclovir has limitations.
Although new agents such as letermovir are very welcome additions
to the anti-CMV antiviral repertoire, it is doubtful that these will solve
all valganciclovir-related issues, such as the occurrence of viral resis-
tance, which has already been observed after secondary letermovir
prophylaxis.®8 Furthermore, the costs of letermovir are substantially
higher than the costs of valganciclovir. The results from published
studies suggest that there might be a role for personalized medicine
strategies and TDM of valganciclovir prophylaxis to reduce (severe)
myelotoxicity, improve the efficacy and reduce the occurrence of viral
resistance. It is of paramount importance that new studies are under-
taken to fill the hiatuses regarding the knowledge of risk factors of
adverse events and the dose-exposure-response relationship of (val)
ganciclovir.

A reduction in severe myelotoxicity could be accomplished by
personalized dose adjustments, as is suggested by the studies that
found comparable efficacy and reduced toxicity after 450 mg of val-
ganciclovir for some groups of SOT recipients.>®-#! Population studies
are needed to find additional factors for the identification of patients
who can be safely treated with lower dosages of valganciclovir pro-
phylaxis, and randomized trials as exemplified by the study of Halim
et al. should be conducted to test the safety and efficacy of these per-
sonalized dosing regimens.® Importantly, these studies must include
ganciclovir concentration measurements in order to associate reduced
dosing with actual lower ganciclovir exposure and evaluate if this will
lead to better safety and comparable efficacy outcomes. This will also
help to (re)define exposure targets for valganciclovir prophylaxis.

Late and breakthrough (resistant) CMV infections might be pre-
vented by optimizing drug exposure. Model-informed precision dosing
has the potential to reduce ganciclovir underexposure as was shown
by Padullés et al.,”® but the effect of model-informed precision dosing
on clinical endpoints such as late and breakthrough infections should
still be determined.

Another possible improvement to reduce late CMV infections,
could be to extend the duration of valganciclovir prophylaxis for at-
risk patients. In our centre, patients who are treated with lymphocyte
depleting antibodies receive valganciclovir prophylaxis as long as their
T lymphocytes are <200 x 10%/L, independent of the time after
depletion therapy.?? Other risk factors for late CMV infection are
known, and it would be interesting to study if these patients at risk
might also benefit from longer valganciclovir prophylaxis. Implementa-
tion of TDM for patients under long-lasting prophylaxis might help to
avoid overexposure and myelotoxicity, which could improve drug

adherence. Additionally, it could also help to avoid underexposure and

drug resistance during these periods of prolonged prophylaxis. Con-
sidering the bad correlation between predose concentrations and effi-
cacy outcomes, AUCs should be the target of TDM. For
implementation of these targets in clinical practice, it is important to
validate optimal sampling strategies such as reported by Padullés et al.
and Chen et al.”>®”

Considering the implementation of TDM for valganciclovir, it is
clear that valganciclovir indeed has a high interindividual variability,
but that there is not enough high-level evidence that defines the
exact concentration-exposure relationship and supports the use of
the current AUC targets. Together with the absence of evidence
that TDM effectively improves the outcomes of prophylaxis, it can-
not be advised that TDM should be implemented for valganciclovir
at this time. However, it is the authors' opinion that the suggested
trials and the regular measurements of ganciclovir concentrations
after valganciclovir prophylaxis in daily practice should be under-
taken, not despite, but because of these limitations. Prospective tri-
als and retrospective analysis of drug exposure after valganciclovir
and clinical outcomes are needed to provide more data about the
valganciclovir dose-exposure-response relationship and personaliza-
tion strategies. In addition, the authors would like to stress the
importance of collaborative research consortia to effectively tackle
these issues: National and international collaborations would enable
a fast recruitment of patients, which provides researchers with the
large cohorts that are necessary to externally validate optimal sam-
pling schedules, model-based dosing and criteria for prophylaxis per-
sonalization. It could also help to coordinate the evaluation of TDM
strategies. Ideally, these research endeavours should be coordinated
by the different transplant organizations, which would allow for

research prioritization.

6 | CONCLUSION

Valganciclovir is an effective prophylactic for the prevention of CMV

infections in SOT, but myelotoxicity, late CMV infection and viral

resistance are important clinical issues associated with its use.
Personalized medicine and TDM have the potential to optimize

the use of valganciclovir prophylaxis, and should therefore be more

extensively studied, ideally through coordinated research endeavours

and international research collaborations.
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