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Background: Cytomegalovirus (CMV) infection is extremely common after lung transplant and can be associated
with significant morbidity and mortality. Current practice suggests the use of 900 mg daily of valganciclovir for CMV
prophylaxis, but there is no literature assessing whether 450 mg daily of valganciclovir is sufficient in intermediate
CMV risk lung transplant recipients. Therefore, we sought to assess the role of low-dose valganciclovir (LDV) versus
high-dose valganciclovir (HDV) prophylaxis in intermediate-risk (R+) recipients. 
Methods: We conducted a retrospective analysis on lung transplant recipients at the Norton Thoracic Institute in
Phoenix, Arizona looking at intermediate-risk patients that received either valganciclovir 450 mg per day (LDV) or
900 mg/day (HDV). All patients were followed for 1 year post-transplant for incidence of CMV viremia. The primary
outcome was the rate of CMV viremia as determined by a positive CMV polymerase chain reaction ([PCR] >2.7 log
copies/mL). Secondary outcomes included rate of adverse events, acute cellular rejection, and mortality. 
Results: The primary analysis included 103 patients (55 in the LDV group, 48 in the HDV group). In the LDV group,
9 patients (16.4%) developed CMV viremia compared to 4 (8.3%) in the HDV group (p=0.221) with no difference
observed in adverse event rates between groups. 
Conclusion: There was no statistical difference between groups for the primary outcome. However, the effect size
demonstrated in this analysis may be of clinical relevance and valganciclovir 450 mg daily would not be recommended
in intermediate risk lung transplant recipients at this time. To confirm our results, further prospective studies enrolling
larger patient populations are necessary.
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Introduction
Cytomegalovirus (CMV) is one of the most common infec-

tions after solid organ transplantation and is associated with high
morbidity and mortality [1]. In addition to the detrimental effects
of CMV tissue invasion, the infection also places transplant recip-
ients at a higher risk of rejection. Valganciclovir is currently the
standard of care for CMV prophylaxis and treatment [2]. While
guidelines recommend 900 mg daily for intermediate risk patients,
they also mention the use 450 mg daily, which has been studied in
the kidney transplant population. The guidelines state that there is
currently no data to support or contradict the use of 450 mg daily
dosing for intermediate risk lung transplant patients and the lung
transplant studies referenced do not address varying doses of val-
ganciclovir in this population [3]. The lung transplant specific
studies primarily focused on comparing valganciclovir to a histor-
ical control (ganciclovir) or assessing the duration of prophylaxis
with 900 mg valganciclovir daily [4-8].

The majority of the data regarding CMV prophylaxis dosing in
the lung transplant population are extrapolated from renal trans-
plant studies [9-13]. However, this comparison may not be appro-
priate, as pulmonary tissue is inherently more susceptible to CMV
infection. The reported incidence of CMV infection in lung trans-
plant patients without prophylaxis has been reported to be as high
as 54% to 92% (compared to less than 50% in kidney transplant
patients) [14]; therefore, direct comparisons across transplanted
organs may not be appropriate. Although some studies have shown
benefit with low-dose strategies in low- and intermediate-risk
patients, many of those same studies raise concern for higher rates
of CMV viremia and resistance [10,11,13,15].

In accordance with the renal transplant findings, and in an
attempt to limit drug costs and adverse events such as leukopenia,
our center used 450 mg valganciclovir daily as prophylaxis in
intermediate-risk patients beginning in 2010. In 2017, our center
increased our prophylaxis dose to 900 mg daily due to suspected
higher rates of CMV viremia in this population. This study was

conducted to review the change in protocol, to evaluate the most
appropriate prophylactic regimen, and to determine whether val-
ganciclovir 450 mg daily can be used effectively in intermediate
risk lung transplant patients. 

Methods
This study was approved by the Institutional Review Board at

St. Joseph’s Hospital and Medical Center in Phoenix, Arizona,
USA. We retrospectively assessed the difference between 2 groups
of lung transplant recipients who received different valganciclovir
CMV prophylaxis protocols after undergoing a lung transplant at
the Norton Thoracic Institute (NTI) in Phoenix, Arizona, USA.
Patients were assigned to regimens based on their risk of CMV as
determined by their pre-transplant CMV serology. The focus of
this analysis was on intermediate risk (R+) patients. Patients
undergoing transplant between March 2016 and December 2016
were designated as the low dose valganciclovir (LDV) CMV pro-
phylaxis group and received 450 mg daily. In February 2017, NTI
revised its institutional protocol to a high dose valganciclovir
(HDV) regimen, where intermediate recipients received 450 mg
twice daily. This group was classified as patients that underwent
transplant from March 2017 to December 2017 (Figure 1). Data
from January and February of 2017 were excluded for simplicity
to allow for appropriate time for education and implementation of
the new protocol. In both protocols, valganciclovir began on day 4
posttransplant, and continued indefinitely. Baseline characteristics,
efficacy, adherence, and adverse events were all collected retro-
spectively for both groups. The primary outcome was the rate of
CMV viremia as determined by a positive CMV polymerase chain
reaction ([PCR] >2.7 log copies/mL). Secondary outcome meas-
ures included leukopenia (white blood cell nadir and quarterly
averages), renal function (peak serum creatinine, quarterly aver-
ages, and associated creatinine clearance), biopsy-confirmed rejec-
tion (Grade A1-A4), and mortality. CMV PCR was assessed week-

Figure 1. Study groups. HDV, high-dose valganciclovir; LDV, low-dose valganciclovir.
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ly while patients were in the hospital and with routine labs post-
transplant at months 1, 3, 6, and 12. 

Protocol adherence was monitored both inpatient and at outpa-
tient clinic visits based on whether patients were receiving the cor-
rect dose of valganciclovir. However, due to the retrospective
nature of this study, it was not possible to accurately assess patient
compliance.  Therefore protocol adherence was based solely on
provider adherence to the specified protocol. Although there is no
specific renal adjustment protocol for valganciclovir at our institu-
tion, patients with a regimen adjusted for renal function using stan-
dardized creatinine clearance cutoffs were considered adherent.
Adjustments for hepatic dysfunction, or thrombocytopenia, how-
ever, were considered non-adherent to the protocol, as these adjust-
ments were not considered standard for valganciclovir. 

Means and standard deviation were used for continuous vari-
able data. Percentages were used for categorical variables, includ-
ing baseline characteristics. Chi-square and t-tests were used to
assess primary and secondary outcomes. A p-value of <0.05 indi-
cated statistical significance. 

Results
A total of 103 intermediate-risk patients (55 in the LDV group

and 48 in the HDV group) were included in the primary analysis.
Patients were well matched for age, pre-transplant diagnosis, and
lung allocation scores (Table 1). The majority of patients under-
went bilateral lung transplant and received either basiliximab or
the combination of rituximab and intravenous immunoglobulin for
induction therapy. All patients were started on prednisone,
mycophenolate mofetil, and tacrolimus for maintenance immuno-
suppression. Overall, no difference was seen in the rate of protocol
adherence for either group in the first year posttransplant. In the
LDV and HDV groups, patients were prescribed the appropriate
per-protocol prophylaxis regimen more than 80% of the time

(85.3% vs 81.29% respectively, p=0.47). For the primary efficacy
outcome, 9 of 55 (16.4%) patients in the LDV group developed
CMV viremia (positive CMV PCR); whereas 4 of the 48 patients
in the HDV group developed CMV viremia (8.3%; p=0.221; Table
2). At the time of the primary outcome there were disparities
between groups for protocol adherence. Of the HDV patients who
developed a positive CMV PCR, only 2 out of 4 were adherent
with the protocol regimen at the time of the positive PCR result.
The other two patients had not started valganciclovir therapy: one
patient had a positive PCR at day 3 posttransplant (prior to our
standard initiation on day 4); the other patient had a positive PCR
at day 11 posttransplant - this patient had valganciclovir withheld
due to postoperative leukopenia. Given the few number of patients
(only 50%) in the intervention group on therapy at the time of the
positive PCR, an exploratory outcome was conducted. In the per
protocol analysis nine LDV patients (16.4%) had a positive PCR,
compared to 2 patients (4.16%) in the HDV group (p=0.054).  

There were no major differences in secondary outcomes for
both groups. Average peak serum creatinine in the year following
transplant were similar: 1.94 mg/dL in the LDV group vs 1.92
mg/dL in the HDV group (p=0.95). The average worst creatinine
clearance throughout the year was consequently well matched.
Leukopenia was similar between groups, with an average nadir of
3.82 and 2.82 in the LDV and HDV groups, respectively
(p=0.211). Rejection and mortality rates remained consistent for
both patient populations. Biopsy-confirmed rejection rates were
similar at 38.2% (21/55) in the LDV and 41.6% (20/48) in the
HDV groups (p=0.65). The rate of mortality was less than 10% in
each group; LDV group: 7.3%; HDV group: 8.3% (p=0.84).

Discussion
Overall, this study showed a numerical reduction in the rate of

CMV viremia after implementation of the new protocol. Though

Table 1. Baseline data for 103 patients at intermediate risk for developing CMV infection after lung transplant. 

Clinical characteristics                                                     LDV (n=55)                                 HDV (n=48)                                      p

Mean age, years ± SD                                                                                  59.22 ± 13.3                                                60.52 ± 15.4                                                  0.65
Mean lung allocation score ± SD                                                              43.7 ± 15.1                                                  44.3 ± 16.7                                                   0.84
Mean serum creatinine, mg/dl ± SD                                                          0.68 ± 0.2                                                    0.63 ± 0.1                                                    0.12
Mean creatinine clearance, ml/min ± SD                                               92.89 ± 36.5                                                 90.9 ± 43.4                                                   0.80
Transplant type                                                                                                                                                                                                                                               
      Unilateral, n (%)                                                                                         0 (0.0)                                                          2 (4.2)                                                          -
      Bilateral, n (%)                                                                                        55 (100.0)                                                     45 (93.8)                                                        -
      Retransplant, n (%)                                                                                  6 (10.9)                                                         4 (8.3)                                                         -
Pre-transplant diagnosis, n (%)*                                                                                                                                                                                                               
      Pulmonary fibrosis                                                                                   25 (45.5)                                                      24 (50.0)                                                     0.65
      Pulmonary hypertension                                                                           5 (9.1)                                                         5 (10.4)                                                      0.82
      COPD                                                                                                           17 (30.9)                                                      12 (25.0)                                                     0.51
      Cystic fibrosis                                                                                              4 (7.3)                                                          4 (8.3)                                                       0.84
      Rejection                                                                                                     6 (10.9)                                                         4 (8.3)                                                       0.66
      Other                                                                                                             3 (5.5)                                                         8 (16.7)                                                      0.07
Induction agents, n (%)                                                                                                                                                                                                                          0.029°
      Rituximab/IVIG                                                                                          21 (38.2)                                                       9 (18.8)                                                        --
      Basiliximab                                                                                                30 (54.5)                                                      38 (79.2)                                                       --
      Thymoglobulin                                                                                             4 (7.3)                                                          1 (2.1)                                                          -
      Cytomegalovirus immune globulin use, n (%)                                  26 (47.3)                                                        3 (6.3)                                                    <0.001

LDV, low-dose valganciclovir; HDV, high-dose valganciclovir; *some values total more than 100% due to overlap in disease categories; °the overall χ2 was significant; however, based on standardized resid-
uals there were no statistical differences for individual induction agents; COPD, chronic obstructive pulmonary disease; IVIG, intravenous immunoglobulin.
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the primary outcome was not statistically significant, the findings
in this analysis may have clinical relevance. This study demon-
strated a roughly 50% reduction in the rate of CMV viremia for
patients receiving HDV.

A major strength of the present study was its closely matched
baseline characteristics, which increases the internal validity of our
patient population. In addition, our patient population has good
external validity. In accordance with national trends, the most
common pre-transplant diagnosis in our cohort was fibrotic lung
disease, followed by chronic obstructive pulmonary disease [16].
In addition, the present study evaluated multiple parameters that
may influence development of CMV viremia, including protocol
adherence, immunosuppression, and medication adjustments in
response to leukopenia, renal dysfunction, or rejection. Adherence
with the prophylaxis regimen was previously reported.
Discrepancies between groups were adjusted for with the assess-
ment of the exploratory outcome, per-protocol CMV viremia. In
addition, differences in the amount of immunosuppression
between groups did not appear to be a confounding factor in the
present study as all patients with a positive CMV PCR received the
same maintenance immunosuppression with tacrolimus, mycophe-

nolate mofetil, and prednisone. In those patients who developed
CMV viremia, just 1 patient in each group had a tacrolimus level
above the goal at the time of the positive PCR (levels were still less
than 14 ng/ml), so excessive immunosuppression does not appear
to be a major confounder in this analysis. During the period of
increased immunosuppression immediately posttransplant, the risk
of infection is consequently higher [2,14]. As expected, this was
demonstrated in our study, as CMV viremia was more common
early after transplant. The average onset of CMV viremia was 32
days posttransplant (range: 3-113). 

The present study has some limitations. Its retrospective non-
randomized design made it difficult to control for potential con-
founding variables. One potential confounder was the difference in
the use of CMV immunoglobulin between groups. Our institution’s
new protocol also involved stopping the administration of CMV
immunoglobulin. Within the LDV group, 47.3% of patients
received cytomegalovirus immune globulin versus just 7% in the
HDV group (p≤0.001). Based on the described mechanism of
CMV immunoglobulin, it is reasonable to expect this discrepancy
to influence reduced rates of CMV viremia in the LDV group;
however, this was not the case. High-risk and low-risk patients at

Table 2. Outcomes of 103 patients at intermediate risk for CMV infection, based on prophylaxis protocol used. 

Variable*                                                                            LDV (n=55)                                  HDV (n=48)                                      p

Percent adherence                                                                                       85.3 ± 27.6                                                   81.3 ± 28.3                                                   0.47
CMV viremia, n (%)                                                                                         9 (16.4)                                                          4 (8.3)                                                      0.22
Following protocol at the time of positive PCR, n (%)                         9/9 (100.0)                                                    2/4 (50.0)                                                      -
Per-protocol CMV viremia, n (%)                                                                 9 (16.4)                                                          2 (4.2)                                                      0.05
Biopsy-confirmed rejection, n (%)                                                             21 (38.2)                                                      20 (41.7)                                                    0.65
Death, n (%)                                                                                                       4 (7.3)                                                           4 (8.3)                                                      0.84
Peak serum creatinine, mg/dl                                                                      1.94 ± 1.1                                                     1.92 ± 1.3                                                    0.95
Lowest creatinine clearance, ml/min                                                             45.4                                                                38.3                                                         0.29
Mean SCr Quarter 1, mg/dl                                                                           1.0 ± 0.6                                                       0.9 ± 0.3                                                     0.29
Mean SCr Quarter 2, mg/dl                                                                           1.2 ± 0.3                                                       1.1 ± 0.6                                                     0.46
Mean SCr Quarter 3, mg/dl                                                                           1.8 ± 3.8                                                      3.4 ± 12.8                                                    0.47
Mean SCr Quarter 4, mg/dl                                                                             1.9 ± 4                                                         2.8 ± 9.5                                                     0.59
Mean WBC nadir, cells/µl                                                                     3.4 X 103 ± 2.4 X 103                                   2.8 X 103 ± 2.17 X 103                                          0.21
Mean time to WBC nadir, days                                                                   157 ± 114.1                                                  165 ± 115.4                                                  0.74
Nadir categories, n (%)                                                                                                                                                                                                                            0.76
      ≥ 3000 cells/µl                                                                                           18 (32.7)                                                      13 (27.1)                                                       -
      2000-2999 cells/µl                                                                                      20 (36.3)                                                      16 (33.3)                                                       -
      1000-1999 cells/µl                                                                                      13 (23.6)                                                      13 (27.1)                                                       -
      <1000 cells/µl                                                                                              4 (8.0)                                                          6 (12.5)                                                        -
Mean WBC Quarter 1, cells/µl                                                           10.3 X 103 ± 2.5 X 103                                   9.9 X 103 ± 2.9 X 103                                              -
Mean WBC Quarter 2, cells/µl                                                            5.2 X 103 ± 1.8 X 103                                    5.1 X 103 ± 2.5 X 103                                              -
Mean WBC Quarter 3, cells/µl                                                            4.8 X 103 ± 1.9 X 103                                    4.3 X 103 ± 1.6 X 103                                              -
Mean WBC Quarter 4, cells/µl                                                            5.0 X 103 ± 1.8 X 103                                    4.4 X 103 ± 1.9 X 103                                              -
Renal adjustments: Decreased, n (%)                                                                                                                                                                                                      
      Valganciclovir                                                                                             16 (29.1)                                                      25 (52.1)                                                       -
      Sulfamethoxazole/trimethoprim                                                          28 (50.9)                                                      18 (37.5)                                                       -
      Immunosuppression goals                                                                    11 (20.0)                                                         4 (8.3)                                                         -
Leukopenia adjustments                                                                                                                                                                                                                              
      Decreased valganciclovir                                                                         8 (14.5)                                                       12 (25.0)                                                       -
      Adjusted other medications°                                                                19 (34.5)                                                      23 (47.9)                                                       -

*Values shown as mean ± SD, unless indicated otherwise; LDV, low-dose valganciclovir; HDV, high-dose valganciclovir; CMV, cytomegalovirus; PCR, polymerase chain reaction; SCr, serum creatinine; WBC,
white blood cells; °adjustments included decreasing or holding mycophenolate mofetil; decreasing or holding sulfamethoxazole/trimethoprim, changing sulfamethoxazole/trimethoprim to atovaquone
or pentamidine, or giving a granulocyte-colony stimulating factor.
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our institution (who did not undergo valganciclovir dose adjust-
ments), demonstrated no change in rates of CMV viremia from one
study period to the next, regardless of institutional adjustments to
cytomegalovirus immunoglobulin. Previously published studies
also support our findings, demonstrating a lack of benefit in terms
of CMV infection rates after cytomegalovirus immunoglobulin
administration [17-19]. This finding suggests that immunoglobulin
use did not act as a major confounder in our analysis, as anticipat-
ed. Given the lack of demonstrated benefit in our study and in the
literature, we currently recommend against its regular use for
CMV prophylaxis in lung transplant recipients. Although our insti-
tution has general recommendations for adjusting valganciclovir
for renal function, adjustments could not be entirely controlled for
due to the retrospective nature of this analysis. Ultimately, adjust-
ments occurred according to provider discretion and not a speci-
fied protocol. In the HDV group, valganciclovir appeared more
likely to be reduced secondary to renal dysfunction than in the
LDV group, in which sulfamethoxazole/trimethoprim, immuno-
suppression, and other nephrotoxic agents were typically adjusted
first. On the other hand, there did not appear to be a major differ-
ence between groups in adjustments made secondary to leukope-
nia. The present study was not sufficiently powered to detect a dif-
ference in the primary outcome (current power calculation: 15%).
It is anticipated that 282 intermediate-risk patients would be
required in each treatment group in order to achieve 80% power for
the primary outcome. Our institution performs between 80 and 100
transplants per year; therefore, it would take roughly 3 years of
patient enrollment in each group to achieve adequate power,
according to the above calculation (4 years total, including follow-
up). To date, the new protocol has been in effect for 2 years.
Despite the power limitation, this study does have a much larger
sample size compared to previously published literature in the lung
transplant population.

Overall, this analysis showed a trend toward benefit with the
high-dose valganciclovir regimen. This benefit was evidenced by
fewer cases of CMV viremia with no increase in adverse events.
Even though the literature in kidney transplant has shown utility in
dosing valganciclovir 450 mg daily for their intermediate risk pop-
ulation, we did not find the same outcome in the lung transplant
population. This research provides further insight into prophylactic
dosing in lung transplant patients (specifically those classified as
intermediate risk based on pre transplant serology), with an effect
size for the primary outcome that may be clinically relevant and
that adds to the body of literature supporting higher doses of val-
ganciclovir for these patients. Future analyses will target larger
patient populations in a prospective trial design to correct for
potential confounders in the present study (i.e., immunoglobulin
use, medication adjustments, and compliance). Study outcomes
will further assess high dose vs low dose efficacy in addition to
optimum duration of therapy.

Abbreviations
CMV:     cytomegalovirus;
HDV:      high-dose valganciclovir;
LDV:      low-dose valganciclovir;
PCR:       polymerase chain reaction.
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