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CMV and BKPyV Infections in Renal Transplant
Recipients Receiving an mTOR Inhibitor-Based Regimen
Versus a CNI-Based Regimen: A Systematic Review and
Meta-Analysis of Randomized, Controlled Trials
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Abstract

Background and objectives The objective of this meta-analysis is to compare the incidences of cytomegalovirus and
BK polyoma virus infections in renal transplant recipients receiving a mammalian target of rapamyecin inhibitor
(mTOR)-based regimen compared with a calcineurin inhibitor—based regimen.

Design, setting, participants, & measurements We conducted a comprehensive search for randomized,
controlled trials up to January of 2016 addressing our objective. Other outcomes included acute rejection,
graft loss, serious adverse events, proteinuria, wound-healing complications, and eGFR. Two review
authors selected eligible studies, abstracted data, and assessed risk of bias. We assessed quality of
evidence using the Grading of Recommendations Assessment, Development and Evaluation
methodology.

Results We included 28 randomized, controlled trials with 6211 participants classified into comparison 1:
mTOR inhibitor versus calcineurin inhibitor and comparison 2: mTOR inhibitor plus reduced dose of
calcineurin inhibitor versus regular dose of calcineurin inhibitor. Results showed decreased incidence of
cytomegalovirus infection in mTOR inhibitor-based group in both comparison 1 (risk ratio, 0.54; 95%
confidence interval, 0.41 to 0.72), with high quality of evidence, and comparison 2 (risk ratio, 0.43; 95%
confidence interval, 0.24 to 0.80), with moderate quality of evidence. The available evidence neither
confirmed nor ruled out a reduction of BK polyoma virus infection in mTOR inhibitor-based group in both
comparisons. Secondary outcomes revealed more serious adverse events and acute rejections in mTOR
inhibitor-based group in comparison 1 and no difference in comparison 2. There was no difference in graft
loss in both comparisons. eGFR was higher in the mTOR inhibitor-based group in comparison 1 (mean
difference =4.07 ml/min per 1.73 m?; 95% confidence interval, 1.34 to 6.80) and similar to the calcineurin
inhibitor-based group in comparison 2. More proteinuria and wound-healing complications occurred in the
mTOR inhibitor-based groups.

Conclusions We found moderate- to high-quality evidence of reduced risk of cytomegalovirus infection in renal
transplant recipients in the mTOR inhibitor—based compared with the calcineurin inhibitor-based regimen. Our
review also suggested that a combination of a mTOR inhibitor and a reduced dose of calcineurin inhibitor may be
associated with similar eGFR and rates of acute rejections and serious adverse events compared with a standard
calcineurin inhibitor-based regimen at the expense of higher incidence of proteinuria and wound-healing
complications.
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Introduction
Cytomegalovirus (CMV) infection (defined by detect-
able CMV DNA by PCR in the blood or pp65

BK polyoma virus (BKPyV) infection can lead to
polyoma virus-associated nephropathy (PyVAN) in
1%-10% of RTRs and is an important cause of early

antigenemia) may occur in up to 92% of renal trans-
plant recipients (RTRs), and CMV disease (defined by
CMV infection with organ involvement) may occur in
up to 37%. The occurrence of either CMV infection or
disease is an independent risk factor for patient
mortality and long-term allograft dysfunction (1).
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graft failure (2). Viremia, as assessed by PCR, of >10*
copies and viruria of >107 copies correlate with the
presence of PyVAN (3).

In addition to their use as immunosuppressive
medications, mammalian target of rapamycin inhib-
itors (mTORis; e.g., sirolimus or everolimus) may also
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exhibit direct antiviral action, because activation of mamma-
lian target of rapamycin in host cells is essential for CMV
replication (4,5). Furthermore, it has been shown that RTRs
treated with everolimus had a more robust CMV-specific
CD8* T cell response compared with those treated with
cyclosporin or mycophenolic acid (MPA) (6). Similarly, in a
recent study, sirolimus inhibited BKPyV replication in renal
tubular epithelial cells, whereas tacrolimus activated it (7).

In a meta-analysis in RTRs, conversion to an mTORi-
based regimen from a calcineurin inhibitor (CNI)-based
regimen (e.g., cyclosporin or tacrolimus) resulted in a 37%
decreased risk of CMV infection. A limitation of this
systematic review was that most of the trials included
compared mTORi with cyclosporin; therefore, no conclu-
sion was possible regarding their comparison with tacro-
limus. Also, the incidence of BKPyV infection was not
assessed (8).

In a large patient-cohort study examining 48,292 RTRs,
the incidence of PyVAN within 24 months of transplanta-
tion was 1.74% with use of an mTORIi versus 3.67% if an
mTORi was not used (9). However, in a recent retrospective
analysis involving 348 RTRs, the incidence of BKPyV
infection was independent of the type of induction or
maintenance immunosuppressive regimen used (10).

On the basis of these emerging data, there is a need to
summarize and update current evidence from randomized,
controlled trials (RCTs) that assessed these infections in RTRs.

The objective of this systematic review is to compare the
incidences of CMV and BKPyV infections in RTRs receiving
an mTORi-based maintenance immunosuppression com-
pared with a CNI-based regimen.

Materials and Methods
Protocol and Registration

Our review protocol is registered in PROSPERO
(PROSPERO 2016:CRD42016033665; available at http://
www.crd.york.ac.uk/prospero/display_record.asp?
ID=CRD42016033665).

Eligibility Criteria

We sought to include RCTs, blinded or nonblinded,
comparing an mTORi-based regimen with a CNI-based
regimen and reporting the incidence of at least one of the
primary outcomes (CMV or BKPyV infection) with a
follow-up time of at least 6 months. Inclusion criteria
were RTRs irrespective of age, race, or sex.

We selected trials with an intervention arm consisting of
an mTORi-based regimen (e.g., mTORi + MPA * steroids)
and a control arm consisting of a CNI-based regimen (e.g.,
CNI + MPA = steroids; comparison 1). We also selected
trials using an mTORi-based maintenance regimen con-
sisting of an mTORi combined with a reduced-dose CNI
compared with a standard CNI-based regimen (compari-
son 2). For both comparisons, we selected trials where
cointerventions, including induction immunosuppressive
therapy and additional immunosuppressive drugs, were
similar for the two groups at study entry.

Outcomes
Table 1 details the primary and secondary outcomes
assessed in our review.

Search Strategy

We searched the following electronic sources from
inception to January of 2016: the Cochrane Central
Register of Controlled Trials, MEDLINE, and EMBASE.
We did not use any language restrictions. We also
searched the reference lists of included trials and related
systematic reviews (records identified through other
sources). Supplemental Table 1 details the electronic
search strategy.

Selection Process

Two review authors (B.Y.T. and H.S.I.) screened in
duplicate and independently the abstract and title of every
record retrieved by the searches for eligibility. We retrieved
the full text for all articles judged as potentially eligible by
at least one of the two reviewers. The two reviewers then
assessed in duplicate and independently the full texts for
eligibility using a standardized and pilot tested screening
form. They then compared their results and resolved any
disagreements by consensus and when unsuccessful, with
the help of a third reviewer (5.G.M.). We will present a
preferred reporting items for systematic reviews and meta-
analyses flow chart to summarize the study selection
process (11).

Data Extraction

For studies that fulfilled our eligibility criteria, two
review authors (B.Y.T. and H.S.I.) independently and in
duplicate abstracted relevant information using standard-
ized data extraction forms. We extracted information about
the study design and the characteristics of the population,
intervention, comparator, and outcomes (Table 2).

Assessment of Risk of Bias

Two review authors (B.Y.T. and H.S.1.) assessed the risk
of bias of each included study independently and in
duplicate. We resolved disagreements by consensus and
when unsuccessful, with the help of a third reviewer. We
assessed risk of bias using The Cochrane Collaboration’s
Risk of Bias tool (12,13). We used the following criteria:
random sequence generation (selection bias); allocation
concealment (selection bias); blinding of participants,
providers, data collectors, outcome adjudicators, and
data analysts (performance bias and detection bias); in-
complete outcome data (attrition bias); selective outcome
reporting (reporting bias); and other bias (including early
stopping for benefit). We judged risk of bias criteria as low
risk, high risk, or unclear risk and evaluated individual bias
items as described in the Cochrane Handbook for Systematic
Reviews of Interventions, Version 5.1.0 (12). We will present a
risk of bias summary figure.

Data Analyses

We expressed dichotomous data as risk ratios (RRs) with
95% confidence intervals (95% Cls). For continuous out-
comes data, we calculated the mean differences (MDs;
difference in means) with 95% ClIs. In terms of evidence
synthesis, we used a random effects model for the primary
meta-analysis (14). We assessed heterogeneity (inconsis-
tency) between study results by visual inspection of the
forest plots and use of the I? statistic. An I? statistic of 50%
or more indicated a considerable level of heterogeneity (12).
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Table 1. Primary and secondary outcomes assessed

Primary outcomes

trials)

Secondary outcomes

Graft loss

Incidence of serious adverse events

Incidence of other viral, bacterial, or fungal infections
Incidence of PyVAN as defined by kidney biopsy

Incidence of proteinuria
Incidence of wound-healing complications
eGER or creatinine clearance at study termination

Incidence of CMYV infection (on the basis of a positive blood CMV PCR or antigenemia pp65 or as defined in included

Incidence of BKPyV infection (on the basis of blood PCR >10* copies or urine PCR >107 copies or as defined in included
trials) or a transplanted kidney biopsy typical of PyVAN

Composite of the incidence of acute cellular rejection, AMR, or development of DSAs

Incidence of CMV disease (retinitis, pneumonitis, hepatitis, or colitis)

jection; DSA, donor-specific antibody.

CMV, cytomegalovirus; BKPyV, BK polyoma virus; PyVAN, polyoma virus-associated nephropathy; AMR, antibody-mediated re-

To explain any heterogeneity, we conducted subgroup
analyses on the basis of the following categories: early
introduction of mTORI (<3 months) versus late introduc-
tion (=3 months), type of CNI (cyclosporin or tacrolimus),
and type of mTORi (sirolimus or everolimus).

Grading of the Certainty of Evidence

We graded the quality of the evidence for each outcome
using the grading of recommendations assessment, devel-
opment and evaluation approach as detailed in Tables 3
and 4 (15). We also developed summary of findings (SOF)
tables using the GRADEpro/GDT tool (16).

Results
Search Results

Figure 1 shows the study flow chart. Of 5880 screened
citations, we identified 24 eligible original studies and four
follow-up reports with a total of 6211 participants.

Included Studies

Table 2 summarizes the characteristics of the studies
included in our two comparisons. All trials were in the
English language. All of the included studies were ran-
domized, controlled, parallel-group trials. (17—44). Most of
the trials included RTRs with low/moderate immunologic
risk. Most of the included trials used induction therapy at
the time of transplantation. Induction therapy consisted of
basiliximab in 11 trials (17,20,21,24,33,36,39,41-44), antith-
ymocyte globulin in seven trials (25,27,28,31,34,35,40),
daclizumab in two trials (30,32), and alemtuzumab in
one trial (22). One trial used different induction therapies
consisting of antithymocyte globulin, basiliximab, daclizu-
mab, and muromonab-CD3 in a balanced way between the
two arms (26). Three trials did not give any induction
therapy (29,37,38), whereas one trial did not provide any
details concerning the induction therapy (18,19). One trial
did not specify the type of induction therapy; however, it
used it in 18% of the population in a way balanced between

the two arms (23). In most of the included trials, as
highlighted in Table 2, CMV prophylaxis was administered
according to local center practice.

Risk of Bias in Included Studies

Supplemental Figure 1 and Supplemental Tables 2
and 3 summarize the assessment of risk of bias in
included studies. For most of the assessed parameters,
most of the included trials were judged to have a low
risk of bias. An unclear risk of bias was judged for some
trials, especially when methods of random sequence
generation, allocation concealment, and blinding were
not specified.

Effects of Intervention: Comparison 1, Primary Outcomes

Incidence of CMV Infection. The analysis included 19
trials with follow-up time ranging from 6 months to 5
years. The results showed a significant 46% decreased risk
of CMV infections favoring the mTORi-based group (RR,
0.54; 95% CI, 0.41 to 0.72) (Figure 2A). Quality of evidence
was judged to be high (SOF in Table 3).

Incidence of BKPyV Infection. The analysis included 12
trials and showed no significant difference between the two
groups (RR, 0.71; 95% CI, 0.40 to 1.25) (Figure 2B). Quality
of evidence was judged to be moderate on the basis of
imprecision (SOF in Table 3).

Effects of Intervention: Comparison 1, Secondary Outcomes

Incidence of Other Infections and Serious Adverse
Events. The results show an 8% increase in the incidence of
other infections (RR, 1.08; 95% CI, 1.02 to 1.15) and a 26%
increase in the incidence of serious adverse events (SAEs;
RR, 1.26; 95% CI, 1.02 to 1.56) in the mTORi-based group
(Supplemental Figures 2 and 3).

Composite Incidence of Acute Rejection or Donor-
Specific Antibodies and Incidence of Graft Loss. The
results showed an increased risk of acute rejection or
donor-specific antibodies (DSAs) in the mTORi-based
group (RR, 1.39; 95% CI, 1.09 to 1.77); however, no
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Figure 1. | Preferred reporting items for systematic reviews and meta-analyses study flow chart. Of 5880 screened citations, we included
28 studies with a total of 6211 participants. CNI, calcineurin inhibitor; mTORi, mammalian target of rapamycin inhibitor; RCT, randomized,

controlled trial.

significant difference was shown in the incidence of graft
loss at last follow-up (Supplemental Figures 4 and 5).

Incidence of PyVAN by Kidney Biopsy and CMV
Disease. Only three trials reported the incidence of PyVAN
as defined by a kidney biopsy, and one trial reported the
incidence of CMV disease. The result did not show a
significant difference between the two groups (Supplemental
Figure 6).

Incidence of Proteinuria and Wound-Healing Compli-
cations. There was a significant increased risk of protein-
uria (RR, 2.35; 95% CI, 1.52 to 3.64) and wound-healing
complications (RR, 1.62; 95% CI, 1.22 to 2.15) in the mTORi-
based group (Supplemental Figures 7 and 8).

eGFR. The analysis included 18 trials with follow-up
ranging from 6 months to 5 years. The results showed a

significant MD of 4.07 ml/min per 1.73 m? favoring the
mTORi-based group (MD =4.07 ml/min per 1.73 mz; 95%
CI, 1.34 to 6.80) (Supplemental Figure 9).

Effects of Intervention: Comparison 2, Primary Outcomes

Incidence of CMV Infection. The analysis included five
trials, and the results showed a significant 57% decreased
risk of CMV infection favoring the mTORi-based group
(RR, 0.43; 95% CI, 0.24 to 0.80) (Figure 3A). Quality of
evidence was judged to be moderate on the basis of
heterogeneity (SOF in Table 4).

Incidence of BKPyV Infection. The analysis included
three trials, and the results showed no significant
difference between the two groups (RR, 0.57; 95% CI,


http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13221216/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13221216/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13221216/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13221216/-/DCSupplemental
http://cjasn.asnjournals.org/lookup/suppl/doi:10.2215/CJN.13221216/-/DCSupplemental
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A Intervention Control Risk Ratio Risk Ratio Risk of Bias
Study or Subgroup  Events Total Events Total Weight M-H, Random, 95% CI M-H, Rand 95% CI ABCDEFG
Bansal 2013 0 23 0 25 Not estimable ®@®
Buchler 2007 4 7 17 74 5.9% 0.25[0.09, 0.69] .. ?

Budde 2014 1 46 5 47 17% 0.20 [0.02, 1.68] N I 002
Budde 2014 (ZEUS) 4 123 5 109 4.1% 0.71[0.20, 2.57] CREEZ O @@
Chhabra 2013 7 123 3 64 4.0% 1.21[0.32, 4.54] N D@
Durrbach 2008 0 33 4 36 0.9% 0.12[0.01, 2.16] — PO@
Ekberg 2007 23 380 84 811 164% 0.58 [0.37, 0.91] B .. ?
Flechner 2002 3 3 2 30 25% 1.45 [0.26, 8.09] S R @e-
Franz 2010 7 63 22 64 9.0% 0.32[0.15, 0.70] - D@O®
Groth 1999 6 41 5 42 53% 1.23[0.41, 3.72) e L1 B
Guba 2010 5 69 20 71 7.0% 0.26 [0.10, 0.65] EE A @@
Heilman 2011 8 62 8 60 7.1% 0.97[0.39, 2.41] -1 [ 1 B
Kreis 2000 2 40 8 38 3.2% 0.24 [0.05, 1.05] S | @@
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Figure 2. | Forest plots, comparison 1. Results showed a significant 46% decreased risk of Cytomegalovirus infections in mTORi-based group
and nossignificant difference between the two groups with regards to BK polyoma virus infection. (A) Cytomegalovirus infection. (B) BK polyoma
virus infection. 95% Cl, 95% confidence interval; CNI, calcineurin inhibitor; M-H, Mantel-Haenszel method; mTORi, mammalian target of

rapamycin inhibitor.

0.12 to 2.72) (Figure 3B). Quality of evidence was
judged to be moderate on the basis of imprecision (SOF
in Table 4).

Effects of Intervention: Comparison 2, Secondary Outcomes

Incidence of Other Infections and SAEs. The analysis
included three trials and showed a nonsignificant differ-
ence between the two groups with regards to these
outcomes (Supplemental Figures 10 and 11).

Incidence of Acute Rejection, Graft Loss, and DSAs.
The analysis included five trials, and the results showed a
nonsignificant trend toward decreased incidence of acute
cellular rejection or antibody-mediated rejection favoring
the mTORi-based group (RR, 0.88; 95% CI, 0.70 to 1.09),

with no difference with regards to graft loss (Supplemental
Figures 12 and 13). None of the included trials assessed the
incidence of DSAs.

Incidence of PyVAN by Kidney Biopsy and CMV
Disease. Analysis of four included trials showed a signif-
icant 58% decreased risk of CMV disease favoring the
mTORi-based group (RR, 0.42; 95% CI, 0.21 to 0.82)
(Supplemental Figure 14). Only one trial assessed BK
nephropathy as defined by kidney biopsy; therefore, no
pooled analysis was possible.

Incidence of Proteinuria and Wound-Healing Com-
plications. The analysis included three trials and showed a
significant increased risk of proteinuria (RR, 1.47; 95% CI,
1.04 to 2.06) and wound-healing complications (RR, 1.71;
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Figure 3. | Forest plots, comparison 2. Results showed a significant 57% decreased risk of Cytomegalovirus infections in mTORi-based group and no
significant difference between the two groups with regards to BK polyoma virus infection. (A) Cytomegalovirus infection. (B) BK polyoma virus infection.
95% Cl, 95% confidence interval; CNI, calcineurin inhibitor; M-H, Mantel-Haenszel method; mTORi, mammalian target of rapamycin inhibitor.

95% CI, 1.16 to 2.50) in the mTORi-based group (Supple-
mental Figures 15 and 16).

eGFR. The analysis included five trials, and the results
showed no significant difference between the two groups at
the end of follow-up (MD =3.36 ml/min per 1.73 m?; 95%
CI, —4.32 to 11.02) (Supplemental Figure 17).

Subgroup Analyses, Investigation for Heterogeneity, and
Sensitivity Analyses

Subgroup analysis was only possible for comparison 1
because of the limited number of trials in comparison 2.
With regard to CMV infection, although the effect was
more pronounced when mTORis were introduced early,
subgroups analysis showed no significant difference be-
tween early and late introduction of mTORi on decreasing
the incidence of CMYV infection (Supplemental Figure 18).
Likewise, there was no significant difference when results
were stratified according to the type of CNI or mTORi used
(Supplemental Figure 19). Subgroups analysis did not find
any significant difference for BKPyV infection and second-
ary outcomes, including acute rejection, proteinuria, and
GFR. However, the use of sirolimus was associated with a
trend toward decreased eGFR compared with tacrolimus.
Subgroup analysis for wound-healing complications was
not possible, because most trials that assessed this outcome
compared sirolimus with cyclosporin and most introduced
mTORi early (Supplemental Figures 20-27).

Discussion
In summary, we found moderate- to high-quality evidence
that confirms a significant reduction of CMV infection in

RTRs receiving an mTORi-based regimen (both alone or
combined with a reduced-dose CNI). Our analysis did not
find a significant difference in the incidence of BKPyV
infection between an mTORi-based regiment and a CNI-
based regimen; however, this finding should be interpreted
cautiously. In fact, the wide 95% CI for the association of
mTORi use with reduction in BKPyV infection (RR, 0.71; 95%
CI, 0.40 to 1.25) indicates that the available evidence neither
confirms nor rules out a clinically significant differential effect
of the compared regimens on BKPyV infection. In other
words, our meta-analysis may have been underpowered to
detect such an effect. Moreover, there is evidence that an
mTORi-based regimen may reduce BKPyV infection. In a
virologic study, sirolimus effectively inhibited BKPyV repli-
cation in renal tubular epithelial cells, and in a large patient-
cohort study, incidence of BKPyV infection was lower in
patients when an mTORi was used (7,9). Therefore, well
powered RCTs are needed to confirm or rule out a substantive
difference in the incidence of BKPyV infection between an
mTORi-based regimen and a CNI-based regimen.

Our results also confirm previous data showing in-
creased incidence of proteinuria and wound-healing com-
plications in the mTORi-based group. SAEs, which led to
drug discontinuation in some of the included studies, were
more common in the mTORi-based group when mTORi
was used alone (comparison 1) and similar between the
two groups when mTORi was used with a reduced-dose
CNI (comparison 2). In addition, our review showed an
increased risk of acute rejection in the mTORi-based group
when an mTORi was used alone and no difference when
used in addition to a reduced-dose CNI. However, there
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was no difference in the incidence of graft loss at the end of
follow-up in the two comparisons. Kidney graft function as
assessed by eGFR or creatinine clearance favored the
mTORi-based regimen when mTORi was used alone and
was similar to the CNI-based group in comparison 2.

The balance between the benefit of reducing CMV
infection and the harm of increasing rejection is best
illustrated in our SOF tables. In comparison 1, SOF in
Table 3 shows that, for 1000 participants taking mTORi, we
would expect 76 more rejections (17-150 more) and 50
fewer CMV infections (65-31 fewer) compared with in the
CNI-based group. However, for comparison 2, the balance
is more clearly in favor of mTORi. Indeed, SOF in Table 4
shows that, for 1000 participants receiving mTORi and
reduced-dose CNI, we would expect 132 fewer CMV
infections (176—46 fewer) and 23 fewer rejections (57 fewer
to 17 more) compared with in the CNI-based groups. Taken
together, we found that the combination of an mTORi
and a reduced-dose CNI might offer the benefit of de-
creased incidence of CMV infection with similar rates of
acute rejection, SAEs, and preservation of eGFR com-
pared with a CNI-based regimen; however, it is at the
expense of increased risk of proteinuria and wound-healing
complications.

Strengths and Limitations

One of the strengths of our review is the inclusion of well
designed RCTs with an overall low risk of bias. In addition,
we excluded trials that used different induction immuno-
suppressive therapy between groups, which permitted us
to determine with confidence the difference between an
mTORi-based regimen and a CNI-based regimen on the
studied outcomes.

Limitations of our systematic review include the fact that
our search strategy excluded trials that did not assess the
incidence of CMV or BKPyV infections, which limited the
power when assessing other specified secondary outcomes.
Therefore, careful interpretation of our results is necessary
with regards to secondary outcomes, including acute
rejection, graft loss, and renal function. Another limitation
is the heterogeneity of CMV preventive strategies between
included trials. The possibility that current preventive
strategies, such as extending CMV pharmacologic pro-
phylaxis to 6 months in high-risk patients, might reduce the
risk of CMV infection and secondarily attenuate the
absolute reduction of that infection with an mTORi-based
regimen needs to be investigated in future RCTs. Also,
most of the included trials involved RTRs with low to
moderate immunologic risk, and our results may not apply
to RTRs with high immunologic risk.

Comparison with Other Systematic Reviews

Our results are in concert with a previously published
systematic review that showed improvement in GFR and
decreased incidence of CMV in an mTORi-based group at
the expense of increased risk for acute rejection and
increased incidence of drug discontinuation secondary to
side effects compared with in patients who remained on
their initial CNI-based regimen. Limitations of that review
were the exclusion of trials that used mTORi as an initial
immunosuppressive regimen; therefore, only six trials
assessed incidence of CMV infection and were included

in the analysis, and BKPyV infections were not assessed (8).
Our review analyzed data from 24 trials that assessed
incidence of CMYV infection and 15 trials that assessed the
incidence of BK infection, which makes the results of our
review more robust with regards to these two outcomes.In
another recently published systematic review, a CNI
minimization strategy that included some of the trials
included in comparison 2 of our review resulted in a 29%
decreased risk of CMV infection (45). Our review showed
a significant 57% decreased risk of CMV infection and a
significant 58% decreased risk of CMV disease favoring a
CNI minimization strategy incorporating an mTORi (com-
parison 2). In conclusion, our review confirmed a signif-
icant decreased risk of CMV infections in RTRs when an
mTORi-based regimen was used compared with a CNI-based
regimen across all studied comparisons. No definite conclu-
sion was possible with regards to BKPyV infection. As for
secondary outcomes, our review showed an increased risk of
acute rejection and SAEs when an mTORi was used alone
(comparison 1) and no significant difference with regards to
these two outcomes when an mTORi was combined with a
reduced-dose CNI (comparison 2). Therefore; our review
suggested that a combination of an mTORi and a reduced-
dose CNI may offer a reasonable risk-to-benefit ratio with
regards to decreased risk of CMV, similar rates of acute
rejections, SAEs, and comparable kidney function compared
with a standard CNI-based regimen. There remained,
however, a higher incidence of proteinuria and wound-
healing complications when an mTORi was used. (SOF in
Tables 3 and 4). Note, however, that comparison 2 included
only five RCTs, which may have limited the power of our
review when assessing secondary outcomes. Therefore, our
findings need to be confirmed in future RCTs incorporating a
prespecified CMV preventive strategy and should be ade-
quately powered to assess CMV and BKPyV infections in
addition to acute rejection, SAEs, and kidney function.
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