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Background. The relative costs of preemptive therapy (PET) or prophylaxis for the prevention of cytomegalovirus (CMV) di-
sease in high-risk donor CMV-seropositive/recipient-seronegative (D*/R") liver transplant recipients have not been assessed in the
context of a randomized trial.

Methods. A decision tree model was constructed based on the probability of outcomes in a randomized controlled trial that
compared valganciclovir as PET or prophylaxis for 100 days in 205 D*/R" liver transplant recipients. Itemized costs for each site were
obtained from a federal cost transparency database. Total costs included costs of implementation of the strategy and CMV disease
treatment-related costs. Net cost per patient was estimated from the decision tree for each strategy.

Results. PET was associated with a 10% lower absolute rate of CMV disease (9% vs 19%). The cost of treating a case of CMV
disease in our patients was $88 190. Considering cost of implementation of strategy and treatment-related cost for CMV disease, the
net cost-savings per patient associated with PET was $8707 compared to prophylaxis. PET remained cost-effective across a range of
assumptions (varying costs of monitoring and treatment, and rates of disease).

Conclusions. PET is the dominant CMV prevention strategy in that it was associated with lower rates of CMV disease and lower
overall costs compared to prophylaxis in D*/R” liver transplant recipients. Costs were driven primarily by more hospitalizations and

higher CMV disease-associated costs due to delayed onset postprophylaxis disease in the prophylaxis group.
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Cytomegalovirus (CMV) is a major opportunistic pathogen in
organ transplant recipients [1, 2]. Transplantation from a se-
ropositive donor to seronegative recipient (D*/R") confers the
highest risk of CMV infection and disease. CMV infection (de-
tection of viral proteins or nucleic acid) occurs in the majority
of D'/R” patients. CMV disease manifests as a viral syndrome
or as end-organ disease and is associated with significant mor-
bidity and mortality [3].

CMV disease is also a contributor to increased resource utili-
zation, higher 1-year hospitalizations, and overall posttransplant
costs [4-6]. Prevention of CMV is accomplished by adminis-
tering antiviral therapy either prophylactically from the time of
transplant to all at-risk patients or preemptively upon detection
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of CMV viremia to prevent its progression to CMV disease [7,
8]. Valganciclovir has emerged as the preferred agent and the
standard of care for the prevention of CMV in organ transplant
populations [8, 9].

An optimal intervention should confer benefits beyond im-
provement in outcomes, such as resources expended in the
management and its implementation. Sparse data exist on
cost-effectiveness of CMV prevention strategies in transplant
recipients in the current era. In addition, available studies have
had 1 or more major limitations, including nonrandomized de-
sign, use of older or no longer used diagnostic tests (eg, shell
vial culture or non-polymerase chain reaction [PCR]-based as-
says), use of noncontemporary antivirals (oral ganciclovir), or
limited duration of follow-up with failure to assess for CMV
disease occurring after the intervention period [10-12]. To
address these limitations in prior studies, we performed an
in-depth cost-effectiveness assessment using data from a ran-
domized multicenter trial that directly compared preemptive
therapy (PET) with prophylaxis for the prevention of CMV di-
sease in donor CMV-seropositive/recipient CMV-seronegative
(D/R") liver transplant recipients [13].
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METHODS

Study Design and Participants

The study population included D*/R™ liver transplant recipi-
ents >18 years of age who had undergone first orthotopic
liver transplant. The study was conducted at transplant cen-
ters in the Northeastern, Atlantic, Midwestern, Southern,
and Western regions of the United States. Patients who met
eligibility criteria were randomized 1:1 in a computerized al-
location schema within 10 days of transplantation. Patients
in the prophylaxis group received valganciclovir 900 mg
orally once daily for 100 days. Patients in the PET group un-
derwent weekly testing for 100 days using a previously de-
scribed highly sensitive real-time plasma CMV-DNA PCR
assay performed at the central laboratory [14]. Upon de-
tection of viremia at any level, valganciclovir 900 mg orally
twice daily was administered until 2 consecutive negative
tests performed 1 week apart. Recurrent viremia within
100 days was treated similarly to the initial episode. All
drug dosages were adjusted for renal dysfunction according
to the manufacturer’s product label. The National Institute
of Allergy and Infectious Diseases, the institutional review
boards of all participating sites, and an independent data
and safety monitoring board approved the study. Written in-
formed consent was obtained from all patients or their le-
gally authorized representatives.

Assessments and Cost Sources
A decision tree analysis model was constructed using TreeAge
Pro software (TreeAge Inc, Williamstown, Massachusetts). The
model is similar to those previously used for cost-efficacy anal-
ysis for the prevention of CMV disease [15-17]. The transitional
states for the model were viremia/no viremia (PET group only);
CMV disease with inpatient/outpatient management; and no
CMYV disease in both groups (Figure 1). The probabilities of
outcomes at each transition were generated from the trial data
(Table 1). Outcomes considered were CMV disease-related in-
patient and outpatient medical encounters and included dura-
tion of hospitalization (length of stay in total days, and duration
by ward and/or intensive care unit [ICU]), number and types of
diagnostic procedures performed, and treatment of CMV di-
sease. All costs were based on posttransplantation outcomes by
12 months in all randomized patients. To examine the impact
of changes in a parameter on the model’s results, sensitivity ana-
lyses were performed across a range of plausible assumptions by
systematically varying the costs of PCR monitoring, drug treat-
ment, and CMV disease—associated hospitalizations, as well as
the rate of CMV disease. The cost data were from the perspec-
tive of the healthcare payor.

Charges during the study drug administration period
(100 days) included cost of average study drug usage per patient
in each group, safety laboratory monitoring (complete blood
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Figure 1. Decision tree for the comparison of costs associated with 2 approaches for the prevention of cytomegalovirus (CMV) disease in high-risk donor CMV-seropositive

and recipient CMV-seronegative (D*/R") liver transplant patients.
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Table 1. Model Parameters Used for the Decision Tree, Derived From
Data From the Clinical Trial

Variable Probability of the Event

PET group only

Probability of viremia 0.85

CMV disease in patients with viremia 0.105

CMV disease without viremia® 0.001
Prophylaxis group only

Probability of CMV disease 0.19
Both groups

Inpatient care for CMV disease 0.79

Outpatient care for CMV disease 0.21

Abbreviations: CMV, cytomegalovirus; PET, preemptive therapy.

“No CMV disease was documented in this population.

count with differential), and treatment of study drug-related
adverse events (AEs). For this analysis, only neutropenia (ab-
solute neutrophil count <500 cells/pL) was considered a drug-
related AE, and cost of granulocyte colony-stimulating factor
(G-CSF) for the management of neutropenia was assessed.
Additional charges in the PET group included costs for weekly
testing for real-time plasma CMV-DNA PCR for 100 days.

For cost assessment until 12 months posttransplantation, di-
rect costs associated with the diagnosis, management, and hos-
pitalizations for CMV disease were considered and included
diagnostic CMV-DNA PCR testing; diagnostic procedures in-
cluding liver biopsies, endoscopies, and colonoscopies; hospi-
talization and ICU utilization; and cost of antiviral treatment
for the duration of use for the management of CMV disease.

As of January 2019, the United States (US) Department of
Health and Human Services and the Centers for Medicare and
Medicaid Services have mandated online reporting of itemized
costs and pricing for services provided by all US facilities [18].
The costs of laboratory tests (including costs for CMV-DNA
PCR), procedures, and hospitalizations were obtained from
this price transparency database as reported by each of the
participating centers and were averaged to yield a representative
cost (Table 2). No discounting was used in the cost evaluations.
Additional laboratory costs were obtained from 2 large national
reference laboratories (LabCorp and Quest) [19, 20]. An incre-
mental cost-effectiveness, which represents the cost per CMV
disease event prevented, was calculated for both study groups
by dividing the difference in cost of strategy implementation by
the difference in outcome (CMV disease) [21].

RESULTS

Of 205 D'/R™ patients, 100 were randomized to PET and 105
to the prophylaxis group. The groups were well-balanced for
all baseline characteristics [13]. CMV viremia developed in
81% (81/100) of the PET patients; these patients had a total of
129 episodes of viremia, including 81 initial and 48 recurrent

episodes. CMV disease developed in 9% (9/100) of the patients
in the PET group and 19% (20/105) in the prophylaxis group
(P =.039) and was due primarily to a lower rate of delayed-
onset CMV disease (beyond day 100) in the PET group (6/100
[6%] vs 18/105 [17.1%]; P =.014). There was no recurrent
CMYV disease observed in 1 year of follow-up. Rejection, graft
loss, and all-cause mortality were not significantly different be-
tween the 2 groups [13].

Costs During Study Drug Administration Period

The cost of CMV-DNA PCR monitoring tests in the PET group
was $2044 per patient. PET patients received a median of 57 days
(interquartile range [IQR], 39-66.5 days) of valganciclovir com-
pared with 97 days (IQR, 90-99 days) in the prophylaxis group.
The study was designed to treat CMV viremia with a treatment
dose (1800 mg/day) vs a prophylaxis dose (900 mg/day) of
valganciclovir. As such, the total amount of valganciclovir used
for the PET group was 7023 g for 100 patients (70.2 g/patient)
for PET and 7068 g for 105 patients (67.3 g/patient) for antiviral
prophylaxis. The average cost of valganciclovir was higher in
the PET group (Table 3). Neutropenia developed in 13% of the
PET and 10% of the prophylaxis group patients. The number of
patients with neutropenia who received treatment with G-CSF
during study drug administration period (6/100 [6%] and 7/105

Table 2. Average Costs Within 12 Months Posttransplant in the Study
Population

Cost in 2019

Study Drug Administration Period US Dollars®
Valganciclovir 450-mg tablet® $32.69

Prophylaxis (total) $6538

PET (total) $7715
Complete blood count with differential (15 tests) $1050
G-CSF (filgrastim) for neutropenia/day $1187
CMV PCR quantitative/test (PET group) (14 weekly tests) $2044
CMV disease management

ICU, per diem $10 685

Hospitalization (non-ICU) per diem $4270
Diagnostic procedures and imaging studies

Colonoscopy with biopsy $3410

Liver biopsy $3090

Endoscopy with biopsy $1902

Abdominal ultrasound $839

Abdominal CT $2787
Antiviral therapy for CMV disease

Intravenous ganciclovir/valganciclovir/day $2641

Other antiviral therapy® $1446

CMV IVIG® $2599

Abbreviations: CMV, cytomegalovirus; CT, computed tomography; G-CSF, granulocyte col-
ony-stimulating factor; ICU, intensive care unit; IVIG, intravenous immunoglobulin; PCR,
polymerase chain reaction; PET, preemptive therapy.

“Costs were averaged over the costs of participating sites, which consist of a geographi-
cally diverse set of tertiary care systems.

°Cost for prophylaxis based on 900 mg/day for 100 days and cost for PET based on
1800 mg/day for duration of viremia.

“Three patients received foscarnet and 2 patients received CMV IVIG as adjunctive therapy.
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Table 3. Costs Associated With Cytomegalovirus Prevention Strategies

Cost of Implementation of

Prevention Strategy CMV Disease Rate Net Reduction in Disease Net Cost® Strategy per Patient
Treatment of CMV disease $88 190°

No prevention 44%-65%° 0 $38 000-$57 323
Prophylaxis 19% 25%-46%" (average 35.5%) $8706 $24 756°

PET 9% 35%-56%" (average 45.5%) $11 887 $16 035°

PET compared to prophylaxis 10%" $3181¢ -$8700°

Abbreviations: CMV, cytomegalovirus; PET, preemptive therapy.

“Average costs associated with implementation of each strategy (monitoring for viremia, antiviral drug, and treatment of neutropenia).

°Cost of treating CMV disease in a patient in this study.

“Historically reported rates of CMV disease (44%-65%) in D*/R™ transplant recipients in the absence of antiviral prevention [22].

9Reduction in disease in comparison to historic CMV disease rates without antiviral prevention.

°Overall cost per patient including implementation of strategy and treatment-related costs (antivirals, diagnostic procedures, and hospitalization; hospitalization usage was averaged per

strategy).

‘Reduction in CMV disease rate with preemptive therapy compared to prophylaxis.

9Difference in cost per patient associated with preemptive therapy when compared to prophylaxis.

[6.7%]) and the duration of G-CSF use (median, 3.5 vs 3.1 days)
was not significantly different for the PET vs prophylaxis group,
respectively (P > .05).

The total costs during study drug administration period per
patient was $11 887 in the PET group and $8706 in the prophy-
laxis group (Table 3). Compared to prophylaxis, PET therefore
cost $3181 more per patient in the first 100 days, related to costs
of monitoring (CMV PCR) and drug costs for treating viremia.

CMV Disease—Related Costs Within 12 Months

Hospitalization was required in 23 of 29 (79%) cases of CMV
disease; the median length of stay was 8 days (IQR, 3-18 days).
ICU management with mechanical ventilation was required
in 2 0f 29 (6.9%) cases with CMV disease (both in the prophy-
laxis group) with ICU stay of 14 days in 1 patient and 48 days
in another patient. A post hoc evaluation showed that only 3
cases met previously reported criteria criteria for severe CMV
disease [19], all cases of severe disease were in the prophy-
laxis group (P = .2). Diagnostic procedures required for the
management of CMV disease in hospitalized patients did not
differ for the 2 groups; each case of disease required an av-
erage of 2.5 procedures (range, 1-6), the most common being
a liver biopsy, followed by colonoscopy and endoscopy with
biopsy. The average number of days of antiviral treatment per
case of CMV disease was similar (44 and 46 days) for the PET
group and prophylaxis group, respectively.

Cost per Disease Case Prevented

Total cost (averaged over both groups) to treat CMV disease
was $88 191 per case (Table 3). Average cost per patient that
included cost of implementation of strategy and treatment-
related cost (antiviral therapy, diagnostic procedures, and
hospitalization) was $16 035 for PET and $24 756 for prophy-
laxis, respectively, with net cost-savings of $8707 per patient
with PET (Table 3). Considering historic rates of CMV disease

(44%-65%) without the use of any CMV preventive strategy
[22], both PET and prophylaxis strategies dominate the option
of no prophylaxis (Table 3).

Sensitivity Analyses

Table 4 shows the cost-effectiveness of PET vs prophylaxis
with a range of assumptions by varying the cost of CMV PCR
testing, study drug, and treatment-related charges for CMV
disease. PET was more cost-effective over a range of CMV
disease—associated hospitalization days and per diem hospital
costs or when the cost per CMV disease case was estimated to
be the same for each strategy (Table 4). Only if the incidence
of CMV disease in the prophylaxis group decreased to <12%,
while assuming that the cost of treatment of CMV disease re-
mained equal regardless of strategy, did prophylaxis become
more cost-effective than PET.

DISCUSSION

This cost analysis from our randomized controlled trial
of PET vs prophylaxis in D*/R” liver transplant recipients
showed that PET incurred lower overall costs than pro-
phylaxis and that this difference was due primarily to the
higher costs associated with hospitalization and manage-
ment of delayed-onset postprophylaxis CMV disease in
the postintervention period. Considering historic rates of
CMYV disease prior to the routine employment of antiviral
agents for the prevention of CMV in D*/R™ patients [22],
both strategies are cost-effective (Table 3). The higher rate
of CMV disease in the prophylaxis group is comparable to
that seen in other randomized clinical trials [23-25]. The
overall cost of treating an average case of CMV disease in
our study was $88 191. Given the high rate of hospitalization
associated with CMV disease and the resultant healthcare
costs, PET, even with the higher implementation costs, re-
sulted in an overall savings compared to prophylaxis.
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Table 4. Sensitivity Analysis for Cost-effectivenessa

Estimated Cost Saving per Patient
Using Preemptive Therapy vs
Prophylaxis, 2019 US Dollars

$6300-$11 000
$6700-$10 600
$7700-$12 600

Parameter Range of Assumptions

$45-$409

$2500-$6000
$8000-$19 000

CMV PCR test cost®
Per diem hospitalization®
Per diem ICU utilization®

Duration of hospitalization® 5-21d $7600-$10 200
Duration of ICU stay® 0-7d $7000-$11 000
Percentage of CMV disease cases hospitalized® 58-93 $5500-$10 600
Percentage with viremia in preemptive therapy group’ 67-85 $8500-$10 100
Average cost for treatment of CMV disease, regardless of strategy? $72 000-$106 000 $3600-$8300
Rate of CMV disease in prophylaxis group’ 12-30 -$1100" to $11 700
Rate of CMV disease in PET group' .02-.15 $1200-$9900

Abbreviations: CMV, cytomegalovirus; ICU, intensive care unit; PCR, polymerase chain reaction; PET, preemptive therapy.

“Data depict 1-way sensitivity analysis where 1 parameter/assumption at a time was changed across the range, while holding the other parameters constant at the estimate obtained in the
clinical trial (base model). The base model takes into account the average cost of monitoring, cost of drugs given during prophylaxis, cost of drugs for preemptive therapy, antiviral treatment

for CMV disease, disease rate for each strategy, and duration/cost of hospitalization and ICU utilization associated with disease in each strategy.

®Cost ranges include the highest and lowest cost in geographically diverse study sites as well as reference laboratories.

Cost ranges include the highest and lowest costs in geographically diverse study sites.

9Days are the interquartile range for duration of hospitalizations and ICU utilization for CMV disease in patients in this clinical trial.

°Confidence intervals on proportion of disease subjects requiring hospitalization in the clinical trial.

‘Rates previously described in the literature [22, 28-31].

9Interquartile range for cost of treatment of disease, a composite of hospital utilization, drug costs, and diagnostic procedures averaged regardless of strategy.

"Prophylaxis was the dominant strategy when the rate of disease in that group was <12% with disease costs averaged across both groups.

Previous comparisons of PET vs prophylaxis in organ transplant
recipients have been mainly in kidney transplant recipients. A ret-
rospective study in CMV-seropositive kidney transplant recipients
showed that prophylaxis was the more cost-effective of the 2 strat-
egies [17]. However, the primary endpoint was CMV infection and
not CMV disease, and assumptions in the PET group were based
on historic data, most published over a decade ago [17]. Another
study also concluded that prophylaxis was more cost-effective than
PET [11]. Probabilities of outcomes in this report were extrapo-
lated from older studies where shell-vial culture was used for CMV
monitoring, PET comprised intravenous ganciclovir, and follow-up
was limited to 6 months [11]. A more recent study in kidney trans-
plant recipients found that both strategies were equally effective in
preventing CMV disease with similar overall costs that remained
comparable even with varying costs of monitoring and drug costs
in sensitivity analysis [26]. However, the study included a small
number of D/R” patients and therefore the number of patients with
primary CMV disease was limited [26]. The characteristics of our
study—that is, randomized controlled design with parallel groups,
use of valganciclovir as study drug for prevention, and use of PCR-
based monitoring for CMV—address important limitations in prior
studies and provide the most precise estimates for cost analyses in
the current era.

To our knowledge, only 1 previous study from Europe has as-
sessed cost-effectiveness of CMV preventive strategies in liver
transplant recipients [12]. However, the outcomes data were
based not on a specific trial but rather on expert opinions and
published reports [12]. As such, the antiviral agent and regi-
mens, duration of therapy, and CMV detection assays employed

varied considerably [12]. It was concluded that drug costs were
the primary cost driver. In contrast, drug therapy did not ac-
count for the difference in the in costs in our study. Instead,
hospitalization-associated costs for the treatment of CMV di-
sease in the postintervention period were the key determinants of
overall cost differences between the 2 groups. Although the num-
bers were small, it is also plausible that PET patients with CMV
disease were less ill than those in the prophylaxis group. This was
supported by fewer cases of severe CMV disease in the PET group
and that the 2 cases with CMV disease who required intensive
care with mechanical ventilation were in the prophylaxis group.
Greater impairment in CMV-specific immune responses could
also account for more severe disease after prophylaxis than PET.
There are several potential limitations of the study.
Although the charges are as close an approximation of actual
costs as possible, it is plausible that the reported cost estima-
tions over- or understate the actual costs. The participating
sites represent a cross-section of transplant centers in diverse
geographic locations, and it is possible that each center in-
curred unique costs that may not be generalizable. However,
since randomization was stratified by site, these affects should
theoretically have been controlled for in the analyses. The
cost of personnel effort devoted for the implementation of
PET was not assessed. However, savings from just 1-2 cases
of CMV disease prevented (exceeding $88 000) could rea-
sonably cover the effort of a coordinator in most US centers.
Additionally, indirect costs such as lost work time, incidental
transportation, and family caretaker costs were not evalu-
ated. Based on the primary goal of the study (prevention of
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CMYV disease), costs associated with all CMV disease-related
hospitalizations were systematically analyzed. However, as-
sessment for costs of medical encounters other than CMV di-
sease was beyond the scope of this trial and cost-effectiveness
analysis. Nevertheless, we note that the rates of opportun-
istic bacterial and fungal infections, rejection, graft loss, and
retransplantation were similar for the 2 groups [13]. Thus, it
seems unlikely that non-CMYV disease-related costs differed
significantly for the study groups. The study did not trans-
late CMV disease episodes into quality-adjusted life-years
(QALYs) and did not compute cost per QALY. Nevertheless,
this is an acceptable approach for the study at hand given that
in the base-case (yielded by the model) and almost every sce-
nario in the sensitivity analyses (Table 4), PET was the domi-
nant strategy. We used any detectable viremia as the trigger for
the initiation and discontinuation of PET. Current guidelines
acknowledge that optimal viral load thresholds for the initi-
ation of therapy have not been determined [7]. Once estab-
lished, this may change the duration of antiviral therapy and
resultant costs. Nevertheless, given that detection of any level
of viremia indicates primary infection in CMV-seronegative
patients, and because of known rapid viral kinetics in this set-
ting [27], PET was initiated upon first detection of viremia.
Last, 1-way sensitivity analysis was performed to clearly dem-
onstrate the impact of the particular parameter on model’s
results. It is possible that >1 parameter when changed simul-
taneously could yield different results.

Strengths of our study include use of federally mandated and
maintained resources, and a transparent database for cost infor-
mation for each of the participating hospitals in geographically
diverse areas. The modeling was based on complete patient-level
outcomes data from a randomized clinical trial in a homogenous
population where the 2 study groups received the same local
standard of care and differed only in the CMV prevention ap-
proach used. This study represents the only formal cost-effective-
ness analysis derived from data from a randomized multicenter
trial in high-risk D*/R" liver transplant recipients.

In summary, PET dominates prophylaxis (and the historic al-
ternative of no preventive intervention) in that it reduces both
CMV disease and is associated with lower overall costs in high-
risk D'/R" liver transplant recipients. Similar trials of PET vs pro-
phylaxis should be considered for other high-risk organ transplant
recipients.
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