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SUMMARY
Cytomegalovirus (CMV) infection is common in kidney transplantation
(KT). Antiviral-agents are used as universal prophylaxis. Our purpose
aimed to compare and rank efficacy and safety. MEDLINE, Embase, SCOPUS, and CENTRAL were used from inception to September 2020 regardless language restriction. We included randomized clinical trials (RCTs)
comparing the CMV infection/disease prophylaxis among antiviral-agents
in adult KT recipients. Of 24 eligible RCTs, prophylactic valganciclovir
(VGC) could significantly lower the overall CMV infection and disease
risks than placebo with pooled risk differences (RDs) [95% confidence
interval (CI)] of 0.36 ( 0.54, 0.18) and 0.28 ( 0.48, 0.08), respectively. Valacyclovir (VAC) and ganciclovir (GC) significantly decreased
risks with the corresponding RDs of 0.25 ( 0.32, 0.19) and 0.30
( 0.37, 0.22) for CMV infection and 0.26 ( 0.40, 0.12) and 0.22
( 0.31, 0.12) for CMV disease. For subgroup analysis by seropositivedonor and seronegative-recipient (D+/R ), VGC and GC significantly lowered the risk of CMV infection/disease with RDs of 0.42 ( 0.84, 0.01)
and 0.35 ( 0.60, 0.12). For pre-emptive strategies, GC lowered the
incidence of CMV disease significantly with pooled RDs of 0.33 ( 0.47,
0.19). VGC may be the best in prophylaxis of CMV infection/disease follow by GC. VAC might be an alternative where VGC and GC are not
available.
Transplant International 2021; 34: 2720–2734
Key words
cytomegalovirus, kidney transplant, universal-prophylaxis
Received: 12 April 2021; Revision requested: 27 July 2021; Accepted: 3 September 2021;
Published online: 28 October 2021

Introduction
Kidney transplants (KT) accounted for 69,400 out of
100,800 (62.5%) solid organ transplants globally [1].
2720

Unfortunately, opportunistic infections after KT do
occur, in which Cytomegalovirus (CMV) is the most
common, leading to allograft dysfunction, graft rejection, and even death [2–4]. Recipients are at high risk
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of CMV infection in the 3–6 month period after KT
if they were CMV seronegative (R ) but received
organs from CMV seropositive donors (D+); called as
D+/R , or received induction therapy [e.g.,
lymphocyte-depleting agent or anti-thymocyte globulin
(ATG)] [5–7]. Prophylactic and pre-emptive strategies
have been developed to decrease the risk of CMV
infection after transplantations [8]. The afore mentioned strategies in the former administering antiviral
agents will be implemented immediately after transplant for 3–6 months, whereas the latter consists of
administering antiviral agents when CMV is detected
[9,10].
Antiviral agents including valganciclovir (VGC),
valacyclovir (VAC), ganciclovir (GC), and acyclovir
(AC) have been studied in prophylactic regimens or
pre-emptive regimens [11–14]. Although the third
International Consensus Guidelines on the Management of CMV in Solid-organ Transplantation [15],
the Kidney Disease Improving Global Outcomes and
clinical practice guidelines for KT [16] recommend
that VGC and GC are considered as the first and
second-line drugs [17,18], in lower-middle-income
countries, this has not been widely adopted given that
VGC is high cost, has multiple adverse effects (e.g., anemia, neutropenia, leukopenia, thrombocytopenia, and hallucination) and limited healthcare infrastructures. Likewise, GC
is available in only intravenous form [19–21]. For these reasons, VAC and AC, have been studied to use as universal prophylaxis, as they were still prescribed in developing countries
for prophylaxis of CMV infection/disease [22,23] with less
bone marrow suppression than GC [24]. Although previous
systematic reviews (SR) and meta-analyses (MA) have
assessed the efficacy of some antiviral agents, and pooled all
solid organ transplants without focusing specifically on KT
[25–28]. Additionally, none of the previous SR-MAs summarized the efficacy of anti-CMV prophylaxis in subgroups of
prophylaxis periods [i.e., early onset CMV infection
(≤6 months), and late-phase infection (>6 months)], and
high-risk patients (D+/R ). Furthermore, none had performed treatment ranking for the most effective and safest
antiviral agents. Therefore, we performed this SR and network meta-analysis (NMA) to rank the efficacy and safety of
anti-CMV prophylaxis agents with a focus on KT recipients.
Additionally, none of the previous SR-MAs performs riskbenefit analysis between the risk of adverse effect and benefit
from lowering the incidence of CMV infection because of
prolonged use of antiviral agents in the prophylaxis. Therefore, this study aimed to evaluate the risk-benefit of CMV
prophylaxis [29,30].

Methodology
Search strategies and study selection
We searched MEDLINE via PubMed, Embase, SCOPUS,
and the Cochrane Central Registry of Controlled Trials
(CENTRAL) without language restriction up to September 2020. Search terms were constructed based on
patients (“kidney transplantation (KT)”, “CMV infection”) and interventions (“prophylaxis,” “pre-emptive,”
“VGC,” “VAC,” “GC,” and “acyclovir”), see Table S1.
Randomized clinical trials (RCTs) and quasi-RCT were
eligible if they studied in adult KT recipients, compared
any pair of following interventions (i.e., VGC, VAC,
GC, AC, and placebo/control (PC) for CMV
prophylaxis/pre-emptive purpose, and had at least one
outcome (i.e., CMV infection or CMV disease). Studies
were excluded if they used other antiviral agents (e.g.,
cidofovir, brincidofovir, and foscarnet), combined
antiviral agents with intravenous immunoglobulin therapy, or compared the same drug with different regimens, see Table S2. This study has been registered with
PROSPERO (CRD42019145845) and was exempted
from Ramathibodi hospital ethics committee board.

Interventions and outcomes
Antiviral agents of interest were VGC (900 mg once
daily), high dose VAC (2000 mg four times a day), oral
GC (1000 mg three times daily), or IV GC (2.5–5.0 mg/
kg/dose once or two times daily), AC (200–800 mg four
times daily), and combinations thereof, see Table 1. The
primary outcomes were CMV infection, which could
occur in the early (i.e., ≤6 months) or late-phase
(>6 months to 4 years) or CMV disease after KT, see
Table S3 for definition [31–33]. The secondary outcome
was a composite of major adverse effects including neutropenia, thrombocytopenia, leucopenia, anemia, and hallucination.

Data extraction and Risk of bias assessment
Two of three reviewers (i.e., NR, TS, and KC) independently extracted data on each study. Any disagreement
was discussed and resolved by a third party (PN). Data
extracted included prevention strategies, type of transplants, interventions (dose, duration, and route of
administration), follow-up time, and outcomes. Digitizer software was used to extract information from
Kaplan-Meier survival plots [34].
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1000 mg T.I.D
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Table 1. Characteristics of included studies.
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The Revised Cochrane Risk-of-Bias 2 (RoB) [35] tool
was implemented for quality assessment of the studies,
considering five domains, i.e., randomization, deviations
from the intended interventions, missing outcome data,
outcome measurements, and selection of the reported
results. Individual domains were graded as low, some
concern, or high risk. The overall RoB was judged
“low” if all domains were graded low risk, “high” if at
least one of the five domains were graded high risk, and
“some concern” with any other combinations.

Statistical analysis
Direct meta-analysis

Risk differences (RD) of CMV infection/disease and 95%
confidence intervals (CI) were calculated, and then they
were pooled across studies using a random-effect model if
heterogeneity was present (Cochrane Q test P-value < 0.1
or I2 > 25%), or a fixed-effect model if heterogeneity was
absent. Publication bias was assessed using funnel plots
and Egger’s test. If any of them showed asymmetry
[36,37], a contour-enhanced funnel plot was used to further explore the cause of asymmetry [38].
NMA

Antiviral regimens of VGC, VAC, GC, AC, and PC were
coded as 4, 3, 2, 1, and 0, respectively. A two-stage
NMA with a consistency model was applied from the
estimation of relative treatment effects (i.e., RD), and
their variance-covariance for each study. A multivariate
random-effect meta-analysis was applied to pool RDs
across studies. The surface under the cumulative ranking curve (SUCRA) was used to rank the regimens in
order of efficacy and safety. Publication bias was
assessed by using a comparison-adjusted funnel plot. A
cluster plot was constructed to simultaneously assess the
benefit of anti-CMV prophylaxis, and the risk of major
adverse effects based on SUCRA values.

pre-emptive. All statistical analyses were performed using
STATA version 16, and risk-benefit analyses were performed using Microsoft Excel 2013.

Results
A total of 3726 publications were identified with 23
RCTs and 1 quasi-RCT [39] were eligible, see Fig. 1.
The studies’ characteristics are as followed: 19 and 5
studies used prophylaxis and pre-emptive strategies,
around 54.0%, 15.0%, 30.0%, and 1.0% were D+/R+,
D /R+, D+/R , and D /R , respectively. Approximate 67% of recipients received kidney organs from a
deceased donor. There were 13, 6, and 5 studies reporting outcomes at ≤6 months, >6 months to 4 years, and
both, respectively, see Table 1. The summary of interesting events used in the NMA is described in Table S4.

Risk of bias
Results of RoB assessments are described in Tables S5
and S6. There was low RoB for protocol deviations,
missing data, and outcome measurements in about
79.3%, 93.1%, and 72.4%, respectively. Around 26.3%
of studies were rated high RoB in randomization
because of lack of concealment, while 47.4% were high
RoB selection of the reported results. All studies except
two were rated to have at least some concern of bias.

CMV infections among prophylaxis strategies
DMA

There was sufficient data for two direct meta-analysis
(DMAs) in CMV infections, i.e., GC vs PC (N = 6)
[40–45] and AC versus PC (N = 5) [46–50], see Fig. S1.
Only GC was significantly lower in CMV infection than
PC with a pooled RD (95% CI) of 0.27 ( 0.37,
0.17), whereas AC was not significantly lower with
pooled RD of 0.08 ( 0.22, 0.07).

Risk benefit analysis

NMA

A Monte Carlo method with 1000-simulations was compiled to simultaneously model the risk of adverse drug
reactions from the first three-rank antiviral agent prophylaxis compared to the benefits of lowering CMV early
onset (≤6 m) of CMV infections. A risk-benefit plane, and
acceptable clinical thresholds (varied from 0.2 to 0.3), were
then plotted. A sensitivity analysis was performed to pool
RDs again following preventive regimens; prophylaxis, or

Seventeen RCTs reported overall CMV infection with
rates ranging from 18.6% to 56.9%. Antiviral regimens
were mapped including AC versus PC (N = 5) [46–50],
GC versus PC (N = 6) [40–45], AC versus GC (N = 2)
[51,52], VAC versus GC (N = 2) [53,54], VAC versus
PC (N = 1) [17], and VAG versus VGC (N = 1) [55],
see Fig. S2. All antiviral agents, except AC, showed significantly lower risks of CMV infection than PC with
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Identification
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Potential titles identified through
database searching
(Pubmed, Scopus, Embase)
(N=6,726)

Additional titles identified through other sources
(Cochrane Database of Systematic Reviews)
(N=69)

Screening

Duplicated record and removed (N=3,069)

Title and abstracts remaining
(N= 3,726)

Eligibility

Full-text articles assessed for
eligibility (N = 66)

38 Full-text articles excluded:
- 5 pediatric studies
- 25 cohorts
- 8 combined immunoglobulin

Studies included in qualitative
synthesis (N =24)

Prophylaxis strategy (N=19)

Included

3,663 Records excluded following criteria;
-2,391 non relevant population
-221 non relevant interventions
-725 non relevant outcomes
-326 case reports, reviews, letters, and guidelines

Anti-CMV prophylaxis for CMV infection (n=17)
- Acyclovir vs Control (N=5 )
- Ganciclovir vs Acyclovir (N=2)
- Ganciclovir vs Control (N=6)
- Valacyclovir vs Control (N=1 )
- Valacyclovir vs Ganciclovir (N=2)
- Valganciclovir vs Valacyclovir (N=1)

Anti-CMV prophylaxis for CMV disease (n=17)
- Acyclovir vs Control (N=4)
- Ganciclovir vs Acyclovir (N=1)
- Ganciclovir vs Control (N=7)
- Valacyclovir vs Control (N=1)
- Valacyclovir vs Ganciclovir (N=2)
- Valganciclovir vs Ganciclovir (N=2)
- Valganciclovir vs Valacyclovir (N=1)

Pre-emptive strategy (N=5)
- Ganciclovir vs control (N=5)

Major adverse effect(n=6)
- Acyclovir vs Control (N=2)
- Ganciclovir vs Acyclovir (N=1)
- Valacyclovir vs Control (N=1)
- Valganciclovir vs Ganciclovir (N=1)
- Valganciclovir vs Valacyclovir (N=1)

Figure 1 PRISMA flow diagram of screening studies.

pooled RDs (95% CI) of 0.36 ( 0.54, 0.18), 0.25
( 0.32, 0.19), and 0.30 ( 0.37, 0.22) for VGC,
VAC, and GC; NNTs were 3, 4, and 4, respectively, see
Table 2. These estimate all approximate 25–35% lower
risk of overall CMV infection with these drugs than PC.

Furthermore, VGC, VAC, and GC showed RDs of
0.31 ( 0.50,
0.11),
0.20 ( 0.30,
0.10), and
0.24 ( 0.33, 0.16), respectively compared to AC,
approximating to 20–30% lower risks of CMV infection,
see Table S7.
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RD
NNH (95% CI)

0.045 ( 0.115 to 0.025)
22 NNT (9 NNT, 40 NNH)

0.132 ( 0.436, 0.172)
8 (2 NNT, 6 NNH)

0.075 ( 0.199, 0.048)
13 (5 NNT, 20 NNH)

RD
NNT (95% CI)
RD
NNT (95% CI)

0.052 ( 0.133, 0.029)
12 (8 NNT, 34 NNH)
0.212 ( 0.400, 0.022)
5 (3 NNT, 45 NNH)
0.051 ( 0.117, 0.220)
20 (9 NNT, 5 NNH)

RD
NNT (95% CI)
RD
NNT (95% CI)
RD
NNT (95% CI)

AC

0.115)

0.118)

0.176)

0.240)

0.224)

0.014 ( 0.152, 0.124)
NNT 71 (7 NNT, 8 NNH)

0.354 ( 0.593,
3 (2, 9)

0.216 ( 0.313,
5 (3, 8)

0.297 ( 0.369,
4 (3, 5)
0.422 ( 0.604,
2 (2, 4)
0.315 ( 0.453,
3 (2, 6)

GC

0.124)

0.076)

0.081)

0.186)

0.010 ( 0.050, 0.051)
10 NNH (20 NNT, 20 NNH)

0.268 ( 0.621, 0.086)
4 (2 NNT, 11 NNH)

0.261 ( 0.399,
4 (3, 8)

0.252 ( 0.316,
4 (3, 5)
0.342 ( 0.604,
3 (2, 12)
0.266 ( 0.455,
4 (2, 13)

VAC

Major ADR: neutropenia, thrombocytopenia, leucopenia, anemia, and hallucination.

0.010)

0.079)

0.065)

0.072)

0.175)

0.131 ( 0.037 to 0.299)
8 NNH (27 NNT, 3 NNH)

0.424 ( 0.841,
2 (1, 100)

0.277 ( 0.476,
4 (2, 13)

0.358 ( 0.540,
3 (2, 6)
0.566 ( 1.059,
2 (1, 14)
0.322 ( 0.579,
3 (2, 16)

VGC

AC, acyclovir; CMV, cytomegalovirus; GC, Ganciclovir; NNH, number needed to harm; NNT, number needed to treat; VAC, Valacyclovir; VGC, Valganciclovir.

Major ADR
Major ADR

Subgroup analysis (D+/R )
CMV infection/disease

Late phase (>6 months–
4 year)
CMV disease
CMV disease

Early onset (≤6 months)

CMV infection
Overall CMV infection

Effect sizes
(95% CI)

Table 2. Estimation of risk difference and NNT/N NH of any antiviral agents in CMV prophylaxis versus control: a network meta-analysis.
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Subgroup analysis of NMA according to early and late-phase
infection

Fourteen and eight RCTs reported CMV infection in early
and late-phase with rates ranging from 10.8% to 49.5%
and 20.7% to 57.7%, respectively. For early CMV infection, antiviral regimens were mapped including AC versus
PC (N = 4) [46,47,49,50], GC versus PC (N = 4) [42–45],
VAC versus PC (N = 1) [17], AC versus GC (N = 2)
[51,52], VAC versus GC (N = 2) [53,54], and VGC versus
VAC (N = 1) [55], see Fig. S3a. All antiviral agents, except
AC, showed significantly lower risks of early onset CMV
infection than PC with pooled RDs (95% CI) of 0.57
( 1.06, 0.07), 0.42 ( 0.60, 0.24), and 0.34 ( 0.60,
0.08) for VGC, GC, and VAC, respectively, see Table 2.
These estimates all approximate to 35–55% lower risk of
early onset CMV infection with these drugs than PC with
NNTs which were 2, 2, and 3, respectively. Furthermore,
VGC, GC, and VAC showed RDs of 0.35 ( 0.87, 0.16),
0.21 ( 0.42, 0.00), and 0.13 ( 0.43, 0.17), respectively
compared to AC, approximating a 35–55% lower risk of
early onset CMV infection, see Table S8.
For late CMV infection, antiviral regimens were mapped as
AC versus PC (N = 2) [47,48], GC versus PC (N = 3) [40–
42], VAC versus GC (N = 2) [53,54], and VGC versus VAC
(N = 1) [55], see Fig. S3b. Likewise, VGC, GC, and VAC
showed significantly lower risks of late CMV infection than
PC with pooled RDs (95% CI) of 0.32 ( 0.58, 0.07),
0.32 ( 0.45, 0.18), and 0.27 ( 0.46, 0.08) with NNTs
which were 3, 3, and 4, respectively, see Table 2. These corresponding treatments also showed RDs of 0.37 ( 0.68,
0.07), 0.37 ( 0.58, 0.15), and 0.32 ( 0.57, 0.06)
lower than AC, approximating a 35% lower risk of late CMV
infection, see Table S8. Comparison adjusted funnel plots
were symmetrical, with no evidence of publication bias, see
Figs S4 and S5. There was no evidence of inconsistency for
overall CMV infection (Chi-square test = 0.51, P = 0.775),
and either early onset CMV infection (Chi-square test = 5.70,
P = 0.780) or late CMV infection (Chi-square = 0.41,
P = 0.523) networks.
Subgroup analysis of anti-CMV prophylaxis antiviral agents in
high-risk of CMV

Twelve RCTs included high-risk patients with D+/R
with or without receiving an induction therapy such as
lymphocyte depleting agent or ATG. Antiviral regimens
were mapped including AC versus PC (N = 2) [47,48],
GC versus PC (N = 4) [42–45], AC versus GC (N = 2)
[51,52], VGC versus GC (N = 1) [56], VAC versus PC
(N = 1) [17], VAC versus GC (N = 1) [54], and VGC

versus VAC (N = 1) [55], see Fig. S6. We found that
VGC and GC showed significantly lower risks of CMV
infection/disease than PC with pooled RDs (95% CI) of
0.42 ( 0.84,
0.01) and
0.35 ( 0.59,
0.11),
respectively; while VAC was not significant with the RD
of 0.27 ( 0.62, 0.09), see Tables 2 and S9. There was
no evidence of inconsistency in the network (Chisquare test = 1.81, P = 0.613).

CMV disease among prophylaxis strategies
DMA

Two DMAs of CMV disease were performed, i.e., AC
versus PC (N = 4) [46–49], and GC versus PC (N = 7)
[39–45]. (Fig. S7) GC showed significantly lower CMV
disease than PC with a pooled RD (95% CI) of 0.21
( 0.31, 0.11) while AC showed nonsignificantly lower
CMV disease than PC.
NMA

In 16 RCTs and one quasi-RCT reported the risks of CMV
disease which ranged from 4.5% to 33.1%. Antiviral regimen comparisons included AC versus PC (N = 4) [46–
49], GC versus PC (N = 7) [39–45], VAC versus GC
(N = 2) [53,54], VAC versus PC (N = 1) [17], GC versus
AC (N = 1) [52], GC versus VGC (N = 1) [56], and VGC
versus VAC (N = 1) [55], see Fig. S8. For overall CMC
disease, all antiviral agents, except AC showed significantly
lower CMV disease than PC with pooled RDs (95% CI) of
0.28 ( 0.48, 0.08), 0.26 ( 0.40, 0.12), and 0.22
( 0.31, 0.12) for VGC, VAC, and GC; NNTs were 4, 4,
and 5, respectively, see Table 2.
Comparison adjusted funnel plots were symmetrical,
suggesting no evidence of publication bias, see Fig. S9.
Inconsistency assumption was not violated for the CMV
disease network (Chi-square test = 9.18, P = 0.103).

CMV disease among pre-emptive strategies
Five RCTs resulted in only one DMA in preventing
CMV disease, GC versus PC (N = 5) [57–61], see
Fig. S10. In this analysis, GC had a significantly lower
risk in CMV disease than PC with a pooled RD (95%
CI) of 0.33 ( 0.47, 0.19).

Composite major adverse effect
NMA

Six studies reported composite major adverse drug reactions, ranging from 11.6% to 35.0%. Antiviral
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comparisons were mapped including AC versus PC
(N = 2) [46,47], VAC versus PC (N = 1) [17], GC versus AC (N = 1) [52], VAC versus GC (N = 1) [53], and
VGC versus VAC (N = 1) [55], see Fig. S11. All antiviral agents were not significantly different in composite
major adverse effects relative to PC, see Table 2. Comparison adjusted funnel plots were asymmetric, which
suggested some missing publications, see Fig. S12. There
was no evidence of inconsistency (Chi-square = 0.05, Pvalue 0.828).

Treatment ranking
The cumulative ranking probability and SUCRA methods were applied to assess the best treatment in lowering overall CMV infections, which identified VGC, GC,
and VAC as the three highest ranked treatments with
SUCRAs of 92.0, 77.5, and 55.3, accordingly, see
Table S10. For CMV disease, the three highest ranked
treatments were VGC, VAC, and GC. The SUCRAs for
these corresponding values were 90.5, 66.3, and 61.7,
see Table S10. For D+/R patients, VGC was ranked as
the first, followed by GC and VAC with the SUCRAs of
85.0, 74.0, and 51.2. For composite major adverse
effects, VGC, VAC, GC, and AC results were distinguished as the best in safety (i.e., lowering adverse
effects) with the SUCRAs of 6.3, 47.0, 61.8, and 84.5,
respectively, see Table S11.
A cluster plot was simultaneously constructed based
on benefits and safety outcomes by plotting SUCRAs of
CMV infection/disease on the x-axis and safety on the
y-axis, in which a higher x-value is preferred whereas a
higher y-value is less preferred treatment. A plot is
equally divided into quarters at the midpoint for both
axes, and if the treatment fell in the far-right x-axis and
the lowest y-axis that indicated the highest benefit with
the lowest adverse drug reaction, see Fig. 2. The VGC
treatment fell in the right lower quadrant, from which
it could be interpreted that it has high benefit in the
prevention of CMV infection/ disease with lowest risks
of major adverse drug reaction. GC fell in the right
upper quadrant indicating moderate benefit with moderate risk whereas the VAC gave a lower benefit with
lower major adverse drug reactions.

Risk-benefit analysis
Monte Carlo simulation was used to appraise risks from
major adverse drug reaction and benefits of infection/
disease prevention, see Table S12. Probabilistic sensitivity analysis was plotted into four quadrants of the
2728

incremental risk-benefit plane. Each quadrant indicates
the risk and benefit as follows: the right-upper quadrant
(QI) referred to high risk (adverse effect) with high
benefit, left-upper quadrant (QII) referred to high risk
with low benefit, left-lower quadrant (QIII) referred to
less benefit and low risk, and right-lower quadrant
(QIV) referred to high benefit and low risk, see Fig. 3.
Two clinical thresholds (0.2 and 0.3) were used for
trading off incremental risks, and incremental benefits,
i.e., out of 10 patients who benefit as free from CMV
infection, 2 and 3 patients would experience adverse
drug reaction from the prophylaxis. Results showed that
VGC was in the QIV and being in the far-left x-axis
indicated the lowest risk and highest benefit. GC fell in
the Q1 indicating benefit but still had moderate risk
whereas VAC fell in the Q1 but lower x-values than GC
indicating lower risk and benefit than GC. However,
these agents all showed greater benefits (incremental
benefit ranging from 0.5 to 0.8), but some adverse drug
reactions could not be avoided. However, all these treatments were almost acceptable under these thresholds,
see Fig. 3. A net clinical benefit curve was constructed
by weighting the treatment benefit in preventing CMV
infection against composite major adverse effects of five
possible comparison pairs; VGC, VAC, GC compared to
PC, VGC, and VAC compared to GC according to various clinical thresholds, see Fig. 4. The clinical threshold
is a value of acceptable risk from 0 (risk of adverse
effects from medication are not acceptable at all) to 1
(risk is acceptable even if all patients have adverse
effects). Compared to PC, VGC and VAC had higher
positive net benefit than GC only if the clinical threshold was <0.3.

Discussion
We conducted SM-NMA to simultaneously investigate
the efficacy and safety of anti-CMV prophylaxis of
CMV in KT. Our findings suggested that VGC was the
most efficacious prophylactic agent, showing the highest
SUCRAs for CMV infections as well as CMV disease,
while adverse drug reactions were the lowest. Therefore,
this result helped to confirm why many clinical practice
guidelines have recommended VGC as the first-line
drug for prophylaxis of CMV in solid organ transplant
including KT [15,16]. Our findings were largely similar
to previous meta-analyses and only differed for AC,
which was reported to offer 55% lower CMV disease in
solid organ transplantation compared to PC [25,26,62].
We did not identify any benefit of AC in the prevention
of either early/late CMV infection and CMV disease
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(a)

CMV infection
(b)

Figure 2 Cluster plots of SUCRA
values of efficacy in lowering CMV
infection (a) and disease (b) versus
adverse drug reactions from anti-CMV
prophylaxis. X-axis is SUCRA of efficacy
in preventing CMV and y-axis is SUCRA
of major adverse drug reaction
(neutropenia, thrombocytopenia,
leucopenia, anemia, and
hallucination). Higher X value reflects
higher benefit whereas higher Y-value
reflects higher major adverse drug
reaction or less benefit of treatment.

following KT. This inconsistency may reflect differences
in the assessment of all solid organ transplants in comparison to KTs alone. Their pharmacokinetics can partly
explain the efficacy of different antiviral agents. Whilst,
AC has been reported to offer limited absorption with
very low bioavailability (10–17%) [63] compared to
VAC which is a L-valyl ester of acyclovir but has a very
high level of bioavailability approximately 55% [64].
From the cluster ranking plot in this study, it was
also distinguished that AC was associated with the highest risk of major adverse effects. In practice, patients
would require antiviral agents in the long term to limit

CMV disease

the effect of CMV infection/disease along with immunosuppressive agents after transplantation, thus safety is
mandatory to be considered. Currently, AC is not recommended for prophylaxis of CMV because of its less
efficacy and highest side effects. From the DMA result
in pre-emptive treatment, GC could lower the incidence
of CMV disease by approximately 33.0%, while the efficacy of GC in the prophylaxis regimen was around
26%. GC has been used intravenously for the prevention and treatment of CMV infection/disease [65–67],
but this may not be convenient for long term use (90–
180 days per prophylaxis period) because of repeated
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Figure 3 Risk-benefit plane curve of lowering CMV infection versus adverse effects for antiviral agents versus placebo. (a) Comparison of VGC
versus control. (b) Comparison of VAC versus control. (c) Comparison of GC versus control.

Figure 4 Comparison between
acceptable clinical threshold and
percent of Net Benefit CMV
prophylaxis.

hospital visits for intravenous administration and the
risk of infection associated with catheterisation [68].
VGC is a prodrug of GC, and the absolute bioavailability is very high, up to approximately 60% [69,70]. The
comparative efficacy of these antiviral agents may ultimately be because of their serum concentrations, which
concurs with our findings. Nonetheless, VAC might be
considered as the second line treatment in developing
countries, where VGC and GC accessibility are limited
regardless of CMV seropositive or seronegative recipients. For high-risk situations, such as D+/R or in
patients receiving induction therapy with lymphocyte
depleting agent or ATG, our review indicated that VAC
could not prevent CMV infection/disease. Therefore, the
selection of anti-CMV agents in these patients should
be either VGC or GC, while VAC or AC are not recommended. Further economic evaluation studies should be
ascertained whether VGC is cost-effective relative to
2730

VAC [24]. However, the weakness of implementing
VAC instead of VGC is the requirement of a very high
dose of 8000 mg/day or 2000 mg four times a day,
which could decrease compliance because of the burden
of administration.
To our knowledge, this is the first study considering
all available antiviral agents in the prevention of early
and late-phase CMV infection, see Table S13. Additionally, we also considered the adverse effects of the treatments for long term use. Furthermore, the incremental
risks and benefits of CMV prophylaxis were weighed
accordingly using a cluster plot and using reasonable
clinical thresholds. However, we could not avoid some
limitations in the analysis part, as there are some
heterogeneities from the difference between doses,
administration route of GC (oral vs IV), and duration
of prophylaxis which varied from 1 to 6 months, and
CMV serologies (D+/R+, D /R+, D+/R , and D /R )
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which leads to uncertainty. Although oral GC is not
currently available to any further extent in current practice, we found a potential benefit of GC even though
most studies were conducted on oral forms. Thus, we
predict that IV GC may be more efficacious than oral
GC because of higher bioavailability and serum concentration under therapeutic dose [71–73].
Superimposed viral or bacterial infections are also
of interest, but are only reported in a small number
of studies. The paramount adverse impact on CMV
infection after KT is considered as a potential harm
factor for acute allograft rejection [74,75]. CMV can
indirectly cause dysregulation in the immune system
by increasing the amount of inflammatory cytokine
which could augment the immune response, which
would accelerate the collagen synthesis in allograft
and might participate in the risk of renal acute graft
rejection [76,77]. Therefore, anti-CMV prophylaxis is
a new challenge associated with the protection of
acute allograft dysfunction after KT. Future studies,
should further pool the effect of antiviral agents to
prevent acute allograft rejection.

Conclusion
Valganciclovir is the most efficacious and safest in the
prophylaxis of CMV infection and disease after KT, follow by GC in general and high-risk patients with D+/
R . VAC might be an alternative for general, but not
for high-risk patients with D+/R where VGC and GC
are not available. Further economic evaluation to assess
the cost-effectiveness of VGC in comparison to GC
should be considered.
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