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ABSTRACT
The risk of late-onset cytomegalovirus (CMV) infection remains a concern in seronegative kidney and/or
pancreas transplant recipients of seropositive organs despite the use of antiviral prophylaxis. The
optimal duration of prophylaxis is unknown. We studied the cost effectiveness of 6- versus 3-mo
prophylaxis with valganciclovir. A total of 222 seronegative recipients of seropositive kidney and/or
pancreas transplants received valganciclovir prophylaxis for either 3 or 6 mo during two consecutive time
periods. We assessed the incidence of CMV infection and disease 12 mo after completion of prophylaxis
and performed cost-effectiveness analyses. The overall incidence of CMV infection and disease was
26.7% and 24.4% in the 3-mo group and 20.9% and 12.1% in the 6-mo group, respectively. Six-month
prophylaxis was associated with a statistically significant reduction in risk for CMV disease (HR, 0.35; 95%
CI, 0.17 to 0.72), but not infection (HR, 0.65; 95% CI, 0.37 to 1.14). Cost-effectiveness analyses showed
that 6-mo prophylaxis combined with a one-time viremia determination at the end of the prophylaxis
period incurred an incremental cost of $34,362 and $16,215 per case of infection and disease avoided,
respectively, and $8,304 per one quality adjusted life-year gained. Sensitivity analyses supported the
cost effectiveness of 6-mo prophylaxis over a wide range of valganciclovir and hospital costs, as well as
variation in the incidence of CMV disease. In summary, 6-mo prophylaxis with valganciclovir combined
with a one-time determination of viremia is cost effective in reducing CMV infection and disease in
seronegative recipients of seropositive kidney and/or pancreas transplants.
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Cytomegalovirus (CMV) infection remains one of
most common opportunistic infections in solid or-
gan transplant patients despite availability of spe-
cific and efficacious anti-viral drugs.1,2 Solid organ
transplant patients who have a negative CMV serol-
ogy and receive an organ from a positive CMV se-
rologic donor (D�/R�) have the highest incidence
of CMV disease with and without prophylaxis.2–5

Although the risk for CMV disease persists for life,
the majority of cases occur shortly after completion
of prophylaxis, often within the first year after
transplant.6 CMV disease causes significant mor-
bidity, increases mortality, and is associated with
inferior transplant outcomes, particularly in the
case of kidney transplantation.7–10 Furthermore,
the presence of CMV disease is one of the most fre-

quent infectious causes of hospitalization early after
transplantation, increasing the total cost of kidney
transplantation and reducing its overall effective-
ness.7,11–13

Valganciclovir (VGCV) is an effective anti-CMV
agent for prophylaxis and treatment of CMV dis-
ease that is widely used in transplantation.2,14 –16 Al-

Received November 13, 2008. Accepted July 6, 2009.

Published online ahead of print. Publication date available at
www.jasn.org.

Correspondence: Dr. Fu L. Luan, 3914 Taubman Center, Box
0364, 1500 East Medical Center Drive, Ann Arbor, MI 48109-
0364. Phone: 734-763-0990; Fax: 734-936-9621; E-mail:
fluan@med.umich.edu

Copyright � 2009 by the American Society of Nephrology

C
LI

N
IC

A
L

R
E

SE
A

R
C

H

CLINICAL RESEARCH www.jasn.org

J Am Soc Nephrol ●● : –, 2009 ISSN : 1046-6673/●● 00- 1

 . Published on September 17, 2009 as doi: 10.1681/ASN.2008111166JASN Express



though the recommended dose for CMV prophylaxis is 900 mg
daily adjusted for renal function, a recent study showed that
VGCV at 450 mg daily provides similar drug exposure com-
pared with oral ganciclovir (GCV) at 1000 mg three times daily
in kidney transplant patients, a dose similarly effective for
CMV prophylaxis.2,17 In most studies, VGCV prophylaxis con-
sisted of 100 d after transplant, after which time the risk of
CMV infection and disease increased.2,18,19 Extending the du-
ration of VGCV prophylaxis beyond the early post-transplant
period may abrogate this transient increase in the risk of infec-
tion and disease.20,21 In this regard, the optimal duration of
prophylaxis for CMV D�/R� patients has not been deter-
mined and is the subject of ongoing study.22 Cost, efficacy, and
safety are important factors in determining the optimal dura-
tion of VGCV prophylaxis. Over the past two decades, various
strategies have been used including pre-emptive versus univer-
sal prophylaxis and shorter versus longer period of prophy-
laxis.20,21,23,24 Although several clinical studies comparing
universal prophylaxis versus pre-emptive anti-viral therapy
have found similar efficacy and cost in managing CMV in-
fection across various combinations of donor and recipient
CMV serologic status, two meta-analyses did find that the
use of universal prophylaxis was associated with reduced
risk for CMV disease and death.23–26

This study is based on a single center experience comparing
two CMV prophylaxis strategies. We report here the clinical
outcome and cost-effectiveness analyses of 6- versus 3-mo
VGCV prophylaxis in CMV D�/R� de novo kidney and/or
pancreas transplant patients.

RESULTS

Patients
Between March 2002 and March 2007, a total of 222 CMV
D�/R� kidney and/or pancreas transplant recipients were in-
cluded in this study. One hundred thirty-one patients received
VGCV for 3 mo (3-mo group), whereas 91 patients received 6
mo of therapy (6-mo group). Demographic and baseline clin-
ical characteristics of the two groups are presented in Table 1.
Patients from both groups were comparable with respect to
age, gender, race, calcineurin inhibitors (CNIs) used, baseline
renal function, and incidence of acute rejection. However, the
6-mo group had more deceased and expanded criteria donor
(ECD) kidney transplants, more frequent use of induction
agents, particularly rabbit anti-thymocyte globulin, higher use
of mycophenolate mofetil (MMF), and more cases of repeat
transplant and delayed graft function. Among all patients re-
ceiving MMF, the daily dose was similar between the groups.

Clinical Efficacy
During the entire study period, 54 cases of CMV infection
(24.3%) were documented by CMV viremia. The median time
to CMV infection was 64 d after completion of prophylaxis
with a range from 1 to 340 d after prophylaxis. The majority of

cases (43) had CMV disease (19.4%) as defined by either gas-
troenteritis (84.6%) with/or without hepatitis and pancreatitis,
CMV syndrome (7.7%), pneumonitis (2.6%), nephritis
(2.6%), and retinitis (2.6%). Only one patient in the 3-mo
group died of multiorgan failure as a direct consequence of
CMV disease. CMV disease did not occur during the prophy-
laxis period. Table 2 shows the proportion of overall CMV
infection and disease between the two groups and the relative
risk as determined by univariate analysis. Six-month prophy-
laxis with VGCV was associated with a 26% risk reduction in
CMV disease (RR, 0.74; 95% CI, 0.60 to 0.93; P � 0.02), but
only a 12% risk reduction in CMV infection (RR, 0.88; 95% CI,
0.69 to 1.12; P � 0.32), which was not statistically significant.
Kaplan-Meier survival analyses showed that extending the
prophylaxis with VGCV to 6 mo, combined with a protocol-
driven determination of CMV viremia, resulted in a statisti-
cally significant improvement in disease-free survival (log-
rank, P � 0.003) but not in infection-free survival (log-rank,
P � 0.31; Figure 1, A and B).

In the 3-mo group, all cases of CMV viremia were deter-
mined as clinically indicated. On the other hand, in the 6-mo
group, 67 of 91 patients (73.6%) had a protocol-driven one-
time CMV viremia determination at the end of the 6-mo pro-
phylaxis period (median time, 189 d; ranging from 144 to 314 d
after transplantation): seven were found positive (10.4%) with
only one showing symptoms and an additional seven patients
(10.4%) later developed CMV infection through clinically
driven viremia determination, with six of them being symp-
tomatic. Among the 24 patients who missed a protocol-driven
viremia determination, 5 (20.8%) were subsequently diag-
nosed with CMV infection and only 1 patient was asymptom-
atic. Table 3 shows the viremia titers among the patients with
CMV infection diagnosed by either clinical or protocol-driven
viremia determination and among patients with either asymp-
tomatic infection or disease from both groups. Patients from
the 6-mo group who were diagnosed by protocol-driven vire-
mia determination or developed asymptomatic infection had
lower viral load than those patients from the 3-mo group di-
agnosed by clinical-driven viremia determination or had dis-
ease (P � 0.008 and P � 0.003, respectively).

Multivariate Cox regression analysis was performed adjusting
for various demographic and baseline clinical characteristics such
as age, gender, race, acute rejection before CMV infection, num-
ber of transplants, type of transplant, underlying kidney diagno-
sis, use of different CNIs, use of MMF, and transplant era (divided
into quartiles). The only factors responsible for the difference in
the incidence of CMV infection and disease were the duration of
CMV prophylaxis, the use of induction agents, and possibly the
brand of CNIs (Table 4). The 6-mo prophylaxis was associated
with significant reduction in the risk for CMV disease (HR, 0.35;
95% CI, 0.17 to 0.72; P � 0.004), although the risk reduction for
CMV infection did not achieve statistical significance (HR, 0.65;
95% CI, 0.37 to 1.14; P � 0.129). The use of Thymoglobulin, a T
cell–depleting rabbit anti-thymocyte polyclonal antibody, signif-
icantly increased the risk of CMV infection (HR, 2.39; 95% CI,
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1.37 to 4.18; P � 0.002) and disease (HR, 2.21; 95% CI, 1.19 to
4.10; P � 0.012). In contrast, the use of basiliximab, an anti-IL-2
receptor monoclonal antibody, had no appreciable effect on the
incidence of CMV infection and disease (data not shown). The
use of tacrolimus was associated with an increased risk for CMV
disease but not overall infection that is nearly statistically signifi-
cant (HR, 1.87; 95% CI, 0.93 to 3.78; P � 0.078).

Cost Effectiveness

The decision tree and Markov transitional model are shown in
Figure 2. We limited our transitional model to four possible
health states: no CMV infection, asymptomatic CMV infec-
tion, CMV disease with inpatient treatment, and CMV disease
with outpatient treatment. Each patient from those four states
has the possibility to transition into one of the following sub-
states: alive with functioning graft, alive with failed graft on
dialysis, and death. Death may occur with a functioning graft
or on dialysis but not as a direct consequence of CMV infection
or disease because of the lack of the data on this state. For the
decision tree analysis, the clinical outcome derived from our
study was used to calculate the costs related to CMV prophy-
laxis, the diagnosis, and the treatment of CMV infection
and/or disease for a patient receiving either 3 or 6 mo of pro-

Table 2. Prophylaxis regimens and CMV infection and
disease

3-Mo
(n � 131)

6-Mo
(n � 91)

RR
(95% CI)

P

CMV infection (%) 35 (26.7) 19 (20.9) 0.88 (0.69, 1.12) 0.32
CMV disease (%) 32 (24.4) 11 (12.1) 0.74 (0.60, 0.93) 0.02

Table 1. Demographic and baseline characteristics

3-Mo (n � 131) 6-Mo (n � 91) P

Age (years; mean � SD) 44.5 � 11.8 45.8 � 12.3 0.42
Gender (%) 0.54

Male 84 (64.1) 62 (68.1)
Female 47 (35.9) 29 (31.9)

Race (%) 0.38
African American 23 (17.6) 12 (13.2)
Others 108 (82.4) 79 (86.8)

Renal diagnosis 0.21
DM 50 32
PCKD 18 5
HTN 9 10
GN 31 22
Others 23 22

Living donor (%) 70 (53.4) 31 (34.1) 0.004
First transplant (%) 124 (94.7) 80 (87.9) 0.07
HCV positive (%) 2 (1.6) 4 (4.4) 0.22
Delayed graft function (%) 8 (6.1) 12 (13.2) 0.07
Donor age (years, mean � SD) 40.1 � 14.2 38.5 � 15.4 0.45
Donor gender (M %) 50 (38.2) 43 (47.3) �0.001
Expanded criteria donor (ECD) (%) 12 (9.5) 20 (22.0) 0.01
CNI use (%) 0.36

CsA 110 (84.0) 72 (79.1)
Tac 21 (16.0) 19 (20.9)

Anti-proliferative (%) 0.02
MMF 113 (86.5) 87 (95.6)
Others 18 (13.5) 4 (4.4)

MMF dose (mg/d, mean � SD) 2092.9 � 331.1 2069.0 � 333.9 0.61
Maintenance regimens (%) 0.05

CsA/MMF 94 (71.8) 68 (74.7)
Tac/MMF 19 (14.5) 19 (20.9)
Others 18 (13.7) 4 (4.4)

Induction (%) 0.02
None 60 (45.8) 28 (30.8)
Thymoglobulin 47 (35.9) 50 (54.9)
Basiliximab 24 (18.3) 13 (14.3)

MDRD at baseline (ml/min, mean � SD) 67.7 � 19.9 66.1 � 21.4 0.57
Acute rejection (%) 28 (22.2) 17 (18.7) 0.62

Steroid treated 12 (42.9) 8 (47.1)
Thymoglobuin treated 16 (57.1) 9 (52.9)

CNI, calcineurin inhibitor; CsA, cyclosporine; Tac, tacrolimus; MMF, mycophenolate mofetil.
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phylaxis. The quality adjusted life-years (QALYs) and total
costs of having a functioning transplant or returning to dialysis
over a 10-yr period are calculated based on United States Renal
Data System and Organ Procurement and Transplantation
Network/Scientific Registry of Transplant Recipients annual
reports with the following assumptions: (1) annual graft loss
remains stable throughout the 10-yr period at 5.4% in the ab-
sence of CMV infection; (2) asymptomatic CMV infection and
CMV disease incur an additional 1.5% and 3.0%, respectively,
annual graft loss; (3) one third of graft loss is caused by death
with functioning graft and two thirds of patients with graft loss
will return back to dialysis; and (4) annual death rate on dial-
ysis remains stable throughout the 10 yr at 13.4%.10,27,28 Table
5 shows the parameters used in the decision tree and Markov
transitional model, whereas Table 6 shows the cost-effective-
ness results. Six-month CMV prophylaxis offered incremental
gain in effectiveness in infection and disease avoided (5.8%
and 12.3%, respectively), as well as QALYs gained (0.075) at an
additional expense of $1,993 per patient because of the expense
incurred by the prophylaxis, diagnosis, and treatment of CMV
infection and/or disease. Over the following 10 yr, a patient
from the 3-mo group would have spent $432,504, whereas a
patient from the 6-mo group would have spent $431,133, both
assuming a discount rate of 5%/yr. Thus, the incremental cost
effectiveness ratio (ICER) is $34,362 and $16,215 per case of

infection and disease avoided, but only $8,304 per one QALY
gained.

Two-way sensitivity analysis was performed by varying the
VGCV and hospital costs. The ICER per QALY gained was
sensitive to the changes in the cost of both medication and
hospital care (Figure 3A). However, despite the wide range of
cost variation from 40% less expensive to 40% more expensive,
the ICER did not exceed $30,000 per QALY gained, a cost con-
sidered by many as within an acceptable range.29,30 Further-
more, if the price of VGCV decreased by 40%, 6-mo CMV
prophylaxis become dominant because it saves money for each
one QALY gained, with all variation in hospital cost used in the
model. In addition, the ICER was also sensitive to the variation
in the rate of CMV disease. For example, as the incidence of
CMV disease increases in the 6-mo group, the ICER increases
as well (Figure 3B). In fact, if all asymptomatic cases detected
by the protocol-driven CMV viremia determination were cases
of disease, the ICER would be $40,063 per QALY gained. Only
when the incidence of CMV disease equals the incidence of
overall CMV infection does the ICER reach $60,000 per QALY
gained, an undesirable economic price tag for the 6-mo CMV
prophylaxis approach.

Prophylaxis-Related Adverse Effects
The only adverse effect considered was leukopenia. Compared
with the 3-mo CMV prophylaxis group, patients receiving 6
mo of VGCV had significantly lower nadir total leukocyte
counts during the prophylaxis period (4363 � 1910 versus
3725 � 1861, respectively, P � 0.015). Significantly more pa-
tients from the 6-mo group experienced leukopenia than from
the 3-mo group (64.8% versus 46.8%, respectively, P � 0.009).
The use of Thymoglobulin for induction and of MMF for
maintenance immunosuppression strongly correlates with the
development of leukopenia during the prophylaxis period
(P � 0.0001 and P � 0.014, respectively). After adjusting these
two, the choice of prophylaxis regimen appeared only margin-
ally associated with the development of leukopenia (P �
0.059). For both groups, management of leukopenia was at the
discretion of the individual transplant physicians and included
either a temporary reduction or cessation of MMF. Only three
patients required the administration of Neupogen for leuko-
penia as outpatients in the 6-mo CMV prophylaxis group.

DISCUSSION

This study showed that extending VGCV prophylaxis to 6 mo,
combined with one-time CMV viremia determination at the
end of prophylaxis period, is effective in reducing the incidence
of CMV infection and disease in D�/R� kidney and/or pan-
creas transplant patients. Furthermore, the cost-effectiveness
analyses showed that such an approach saves dollars per QALY
gained over the 10-yr period. The variation in the incidence of
CMV disease in the 6-mo group did impact negatively the cost-
benefit ratio. However, if all cases of asymptomatic infection

Figure 1. Kaplan-Meier event-free survival curves for (A) CMV
infection and (B) CMV disease.
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progressed to CMV disease because no protocol-driven vire-
mia determination was performed, the ICER would be $40,063
instead of $8,304 per QALY gained by our model. This price tag
could still be justifiable.29,30

Previous studies compared CMV prophylaxis using differ-
ent medications or universal prophylaxis versus pre-emptive
treatment and found that prophylaxis resulted in less CMV
infection and disease, equal or less cost, and better long-term
graft survival.2,18,23–26,31 Most of these studies have included
only a limited number of CMV D�/R� patients. A few studies
have examined the clinical efficacy of extending the length of
CMV prophylaxis in kidney and other organ transplant pa-
tients.20,21,32 Doyle et al.32found that 6-mo prophylaxis with
GCV was more effective in reducing CMV infection than 3-mo
GCV prophylaxis. However, their study used GCV and only
included 31 patients with 6 mo of follow-up after prophylaxis.
Akalin et al.20 reported a decreased incidence of CMV infection
in Thymoglobulin-treated patients with 6 mo of VGCV pro-
phylaxis, but their study population only included four CMV
D�/R� patients. Finally, Helantera et al.21 reported that, after
6 mo of VGCV prophylaxis in 25 CMV D�/R� patients, the
incidence of CMV disease was as high as 40% by periodic CMV
viremia determination. None of these studies assessed the eco-
nomic impact of extending duration of CMV prophylaxis.

Besides the impact of donor and recipient CMV mismatch,
the degree of immunosuppression strongly affects the risk of
CMV infection and disease.4,33,34 Our findings clearly showed
that the use of T cell– depleting antibodies such as Thymo-
globulin increased the risk for CMV infection and disease com-
pared with IL-2 receptor antagonists in CMV D�/R� pa-
tients. In addition, our study suggests that the choice of CNIs

Figure 2. (A) Decision tree with probability for various clinical
outcomes and (B) Markov transitional model with four main health
states and subsequent substates.

Table 4. Clinical predictors of CMV infection and disease

Variables Hazard ratio (95% CI) P

Prophylaxis regimens Infection 0.65 (0.37, 1.14) 0.129
6-mo versus 3-mo Disease 0.35 (0.17, 0.72) 0.004

Induction regimens Infection 2.39 (1.37, 4.18) 0.002
Thymoglobulin versus no thymoglobulin Disease 2.21 (1.19, 4.10) 0.012

Use of calcineurin inhibitors Infection 1.18 (0.60, 2.32) 0.631
Tac versus CsA Disease 1.87 (0.93, 3.78) 0.078

Table 3. CMV viremia titers between the 3- and 6-mo VGCV prophylaxis groups

3-Mo Clinical
Diagnosis
(n � 34)

6-Mo

PaProtocol
Diagnosis

(n � 7)

Clinical
Diagnosis
(n � 12)

DNA copy (no./ml) 109,278 � 280,863 11,921 � 23,086 39,042 � 39,286 0.465
Log10DNA copy (no./ml) 4.50 � 0.66 3.60 � 0.61 4.22 � 0.73 0.008

Disease
(n � 32)

Asymptomatic
(n � 8)

Disease
(n � 11)

DNA copy (no./ml) 115,833 � 288,478 11,719 � 21,403 41,654 � 40,088 0.427
Log10DNA copy (no./ml) 4.56 � 0.64 3.64 � 0.61 4.25 � 0.74 0.003
aANOVA.
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may influence the risk of CMV disease in this group of patients.
In patients who received tacrolimus, the risk of disease was
higher than in the cyclosporine-treated patients. This result
was not statistically significant, however, possibly because of
the relatively fewer number of patients taking tacrolimus.

CMV disease is one of the most common infections after
transplantation that require hospitalization, particularly for
CMV D�/R� kidney transplant patients.7 Early detection of
infection with the use of a one-time protocol-driven CMV
viremia determination allowed us to diagnose asymptomatic

Table 5. Model parameters applied to the decision tree analysis and Markov model

Variables Values Reference/Comments

Utility index for a patient with a functioning kidney transplant 0.73 (37)
Utility index for a patient on dialysis 0.53 (37,38)
Utility index for death 0
Probability of graft failure over 10-yr period (10,28) and

Without early CMV disease and infection 0.514 assumption
With early CMV disease 0.844
With early CMV infection 0.714

Probability of patient death (27,28)
With a functioning transplant (per year) 0.018
On dialysis (per year) 0.134

CMV disease
3 mo 0.244 This study
6 mo � CMV DNA detection 0.121

CMV infection (asymptomatic)
3 mo 0.023 This study
6 mo � CMV DNA detection 0.088

Inpatient care for CMV disease
3 mo 0.594 This study
6 mo � CMV DNA detection 0.727

Outpatient management for CMV infection
3 mo 0.406 This study
6 mo � CMV DNA detection 0.273

Cost (in 2007 US dollars)
VGCV (450-mg tablet) 36.5 CMS price
CMV DNA quantitation (per test) 59.85 CMS price
CMV prophylaxis (450 mg/d)

3 mo 3,285
6 mo 6,570

CMV disease and infectiona

Inpatient care per day 3,601
Inpatient care per patient (4 d) 14,404
Medication (3 mo) 8,103

Cost for patient with a functioning transplant (per year) 25,000 (27)
Cost for patient on maintenance dialysis (per year) 65,000 (27)
Opportunity cost (loss in wage)

CMV disease requiring inpatient care 1,400 Assumption
CMV disease not requiring inpatient care 500 Assumption

aDrug treatment: VGCV 900 mg twice daily for 3 wk as induction and 900 mg daily for 9 wk as maintenance.
VGCV, valganciclovir.

Table 6. Cost-effectiveness results

3-Mo 6-Mo Incremental Effect and/or Cost ICER ($/unit)

Outcome per patient
Infection avoided 0.733 0.791 0.058 34,362
Disease avoided 0.756 0.879 0.123 16,215
QALY gained 5.600 5.675 0.075 8,304

Cost per patient ($)
Direct 7,720 9,713 1,993
Indirect (10 yr) 432,504 431,133 �1,371
Total 440,224 440,846 622

CLINICAL RESEARCH www.jasn.org

6 Journal of the American Society of Nephrology J Am Soc Nephrol ●● : –, 2009



CMV infection in 6 of 67 patients who were all treated as out-
patients. This approach has surely contributed to the observed
cost-effective benefit in the 6-mo prophylaxis group. The
CMV viremia titer was significantly lower in asymptomatic
patients and in those patients diagnosed by protocol CMV
viremia determination. Our observation is consistent with a
previous report that CMV DNA titer is a predictor of CMV
disease.35

The main strength of our study includes the large number of
CMV D�/R� patients, a considerable number of CMV infec-
tion and disease cases, and a detailed economic assessment
using standardized cost-effectiveness models.

Our study has a number of limitations. This study com-
pared two sequential cohorts over two different time periods;
thus, an era effect could potentially bias the results despite the
use of a Cox proportional hazard model adjusted for time and
inclusion of era as one of the covariates in the model. In fact,
the use of immunosuppression between the two groups varied
significantly over time: the use of induction therapy, particu-
larly rabbit anti-thymocyte globulin, MMF, and the combina-
tion of tacrolimus and MMF, occurred more frequently in the

6-mo prophylaxis group. The implementation of protocol
driven one-time CMV viremia determination at the end of
prophylaxis in 6-mo group may have resulted in more cases of
CMV infection and disease being detected. Nonetheless, either
bias should have diluted the magnitude of our findings. Our
cost-effectiveness analysis was limited to the major outcomes
related to the impact of CMV infection and disease on kidney
transplant survival where data were available in the literature.
For example, we did not consider the economic impact of
CMV infection and disease on the increased rate of allograft
rejection and the expense related to its diagnosis and treat-
ment.8,24 By reducing the incidence of CMV infection and dis-
ease, one would anticipate a reduction in acute rejection rates
that would make the cost effectiveness of 6-mo CMV prophy-
laxis more favorable. In addition, because the outpatient treat-
ment consisted of a course of oral VGCV, we could not verify
for each individual patient their utilization of home health
care. By not including this aspect in our analysis, we may have
underestimated the magnitude of cost effectiveness in our
study.

In conclusion, our study suggests that, in CMV D�/R�
kidney and/or pancreas transplant patients, extending prophy-
laxis with VGCV to 6 mo combined with CMV DNA viremia
determination at the end of prophylaxis has the potential to
reduce CMV infection and disease with a positive economic
benefit. However, the rate of CMV infection and disease still
remains unacceptably high. Additional studies are needed to
test newer approaches to further reduce the incidence of CMV
disease, which can have a significant impact on long-term graft
and patient survival.

CONCISE METHODS

Study Design and Patients
This is a retrospective study of a single center experience involving all

de novo kidney and/or pancreas transplant patients who were CMV

negative by serology before transplant and received an organ from a

CMV-positive donor (D�/R�) between March 1, 2002 and March

31, 2007. The study was approved by the Institutional Review Board.

From March 1, 2002 to September 30, 2005, all CMV D�/R�

patients received VGCV prophylaxis at a dose of 450 mg daily for 3 mo

after transplantation (3-mo group). Despite 3 mo of prophylaxis, the

incidence of CMV disease remained elevated.36 Thus, beginning Oc-

tober 1, 2005, a new clinical protocol was instituted for all CMV

D�/R� patients to receive VGCV prophylaxis (450 mg daily) for 6

mo in addition to a protocol-driven one-time CMV viremia determi-

nation performed at the end of 6-mo prophylaxis period (6-mo

group).

All patients were followed for 1 yr after the completion of prophy-

laxis. The duration of follow-up from the time of transplantation thus

was 15 mo for patients in the 3-mo group and 18 mo for patients in

the 6-mo group.

Patients who died before completion of CMV prophylaxis were

40
40% higher

30

20% higher

Base price for drug

20% lower

00
0)

10

20 40% lower

s/
Q

A
L

Y
(x

 1
,

-10

0

C
E

R
 d

o
lla

rs

-20

10

-40%       -30%       -20%        -10%    Base price   +10%      +20 %     +30%      +40%

I

Hospital Cost

A

B

0

10

20

30

40

50

60

70

0.121 0.141 0.161 0.181 0.201 0.209

IC
E

R
, 

d
o

ll
ar

s/
Q

A
L

Y
 (

x 
1,

00
0)

Incidence of CMV disease 

Figure 3. (A) Two-way sensitivity analysis for ICER with varying
costs in medication and in hospital admission: shaded area rep-
resents the dominant effect of 6-mo CMV prophylaxis. �, Baseline
value for hospital and medication cost. (B) One-way sensitivity
analysis for ICER with varying incidence in CMV disease in the
6-mo CMV prophylaxis group. Œ, Actual CMV disease rate in the
6-mo group; �, no protocol-driven viremia determination was
performed in the 6-mo group.
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excluded, and none of them had documented CMV infection or dis-

ease.

Immunosuppression
Immunosuppression was provided according to institutional proto-

cols that included a CNI (cyclosporine or tacrolimus), an anti-prolif-

erative (MMF or sirolimus) and prednisone. Target trough levels for

cyclosporine and tacrolimus were 150 to 300 and 5 to 15 ng/ml, re-

spectively, during the first 3 mo. Subsequently, cyclosporine and ta-

crolimus trough levels were maintained at 100 to 150 and 5 to 8 ng/ml,

respectively. Prednisone was tapered to 10 mg/d at about 6 wk after

transplant and remained at that dose over the study period. Induction

agents, either T cell– depleting rabbit anti-thymocyte globulin (Thy-

moglobulin) or anti-IL-2 receptor antibody (basiliximab) were used

for patients at increased immunological risk for rejection according to

the center protocols.

Study Assessments
The primary endpoint was the incidence of CMV infection, defined as

viremia using CMV DNA determination by PCR, regardless of the

presence of symptoms and/or signs within the first 12 mo after com-

pletion of VGCV prophylaxis. The secondary endpoint was the inci-

dence of CMV disease, defined as CMV viremia with symptoms

and/or signs of organ involvement. All patients with a diagnosis of

CMV disease or infection were treated with an additional course of

either intravenous GCV or oral VGCV. Any hospital admission re-

lated to CMV disease was recorded, and average length of hospital stay

was calculated for all admissions.

Adverse Events Related to Prophylaxis
The lowest white blood cell counts during the entire period of CMV

prophylaxis were recorded, and appropriate intervention was docu-

mented. Leukopenia was defined as a total white blood cell count less

than 4000/�l. The management of leukopenia was recorded including

the use of filgrastim (Neupogen) in some cases.

Cost-Effectiveness Analyses
Two types of costs were considered: direct and indirect. Direct costs

included all of the expenses incurred in the prophylaxis, diagnosis,

and treatment of CMV disease and infection. These costs included the

following: VGCV used for prophylaxis and treatment of CMV infec-

tion and disease, PCR for CMV viremia determination, filgrastim

injections, hospital admissions, and opportunity costs. The opportu-

nity costs were assumed as the following: 5 and 10 working days were

lost for patients with CMV disease without and with a hospital admis-

sion, respectively; 4 working days were lost for a family member of

those patients requiring hospital admission. For patients with an

asymptomatic CMV infection, no opportunity costs were incurred.

Because the outpatient treatment consisted of oral VGCV, the cost of

home health care was not considered. The price of 2007 was used for

all patients; thus, no discount rate was applied. Indirect costs included

all of the expenses that are associated with maintaining a patient who

has a functioning graft or a patient who lost graft function and has

returned to dialysis over the next 10-yr period, and a discount rate of

5% was used.

A decision tree was constructed based on the clinical outcomes,

and the cost per patient between the two groups was calculated. The

ICER was calculated using the following formula:

ICER � (Cost6 mo � Cost3 mo)/(Outcome6 mo � Outcome3 mo)

(1)

The Markov transitional model was used to develop four main health

states: patients with no CMV infection, asymptomatic CMV infec-

tion, CMV disease with outpatient treatment, and CMV disease with

inpatient treatment. Each patient from any of those four main health

states can transition into the following substates: alive with a func-

tioning graft, dead with a functioning graft, alive with a failed graft on

dialysis, and dead after returning back to dialysis. The issue of re-

transplantation was not modeled into this study. Respective utility

indexes were obtained from the literature: for instance, a transplant

patient living with a functioning graft was found to have a utility value

of 0.73 and a patient on dialysis has a utility value of 0.50 to 0.57.37,38

We limited our cost-effectiveness analyses to the impact of uncen-

sored graft loss, taking into consideration patient survival with a kid-

ney transplant and with dialysis.10,34 The rate of graft loss related to

early CMV disease and infection was assumed to be constant over the

following 10 yr at an estimate rate of 3.0% and 1.5% per year, respec-

tively.10 These are in addition to the annual graft loss rate of 5.4% in

patients with no CMV infection. The 10-yr kidney and patient sur-

vival data were obtained from the Organ Procurement and Trans-

plantation Network/Scientific Registry of Transplant Recipients 2008

annual report.28 Similarly, the United States Renal Data System 2008

annual report provided survival data on patients undergoing dialysis

for 5 and 10 yr.27 The incidences of CMV infection and disease from

this study were used to calculate QALYs accumulated over the follow-

ing 10 yr between the two groups. We did not consider the direct effect

of CMV infection and disease on patient survival, both short and long

term, because deaths related directly to CMV disease/infection are

few, and the actual data on such probability are lacking.

Statistical Analysis
t tests and �2 tests were used to compare continuous and categorical

variables, respectively, for baseline demographic and clinical charac-

teristics between the two groups. The ANOVA technique was applied

wherever appropriated. The Kaplan-Meier method was used to esti-

mate the incidences of CMV infection and disease. Cox proportional

hazard regression analysis was used to identify the risk factors for both

CMV infection and disease. Linear regression analysis was used to

assess the predictors of leukopenia during the prophylaxis period.

Statistical significance was set at P � 0.05.
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