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Objectives: Mizoribine (MZR) with its high safety and low cost has been widely used in Asia. It has been
questioned whether high or low dose of MZR could obtain the efficacy and safety similar to mycophenolate mo-
fetil (MMF) following renal transplantation. This meta-analysis was done to compare the efficacy and safety of
high- or low-dose MZR with MMF for immunosuppressive therapy in renal transplantation.

Design andmethods:Available data comparingMZRwithMMF in renal transplant recipientswere searched.
Subgroup analysiswas conducted according to the administration dosage ofMZR. Trialswere pooled usingMeta-
analysis software and confidence intervals were set at 95%.

Results: Altogether 1149 Asian patients from 7 RCTs and 9 cohort studies were included. The efficacy of dif-
ferent MZR doses put on par with MMF, but the safety was better than MMF. Specifically, recipients taking MZR
favor significantly fewer episodes of leucocytopenia [RR 0.40 (0.26, 0.60)], gastrointestinal disorder [RR 0.54

(0.40, 0.73)], CMV infection [RR 0.47 (0.34, 0.64)] and more favorable outcome of hepatic dysfunction, although
the difference failed to reach a statistical significance [RR 0.67 (0.44, 1.00)]. Unfortunately, hyperuricemia was
significantly obvious in MZR group [RR 1.96 (1.47, 2.61)].

Conclusions:MZR is an effective and safe immunosuppressive agent and high-doseMZR can be recommend-
ed as an alternative to MMF following adult renal transplantation in Asia, but hyperuricemia and liver damage
should be closely monitored during the medication period.
© 2014 The Canadian Society of Clinical Chemists. Published by Elsevier Inc.
Introduction

Recent improvement in immunosuppressive therapy has been based
on a concept that not only promotes patient survival and graft outcome,
but also improves their living quality. The ideal immunosuppressive
agent should be one that can achieve life-long tolerance within short-
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term use, and without serious side effects. The discovery of calcineurin
inhibitors (CNIs), including cyclosporine (CsA) or tacrolimus (FK506), is
recognized as a milestone for renal transplantation, but both of them
have some toxic effects, especially nephrotoxicity [1]. To reduce the
side effects of CNIs, various purine-synthesis inhibitors have been
recommended. Azathioprine (AZA), an inhibitor of salvage pathway of
purine synthesis, has been used in clinical renal transplantation for
40 years. Twomost important side-effects [2], dose-related bonemarrow
toxicity and liver toxicity, make AZA being challenged by the newer gen-
eration of more specific inhibitors of de novo purine synthesis, such as
mycophenolate mofetil (MMF) and mizoribine (MZR). In particular,
although no obvious nephrotoxicity, hepatotoxicity or neurotoxicity is
observed inMMF-treated patients, the major side-effects of MMF includ-
ing gastrointestinal disorder, diarrhea, leucopenia and thrombocytopenia
[3], and what's more, unmanageable viral infections and exorbitant price
still confound clinicians. Fortunately, MZR, with an equal immunosup-
pressive effect to AZA, less toxicity and potent anti-virus effect, was
approved for renal transplantation in Japan in 1984 [4]. However, MZR
did not spread worldwidely because some paper reported that MZR had
fewer side-effects but was less potent in immunosuppression. Few intro-
ductions about MZR in Europe and the USA made it less popular since
MMF became a first choice as an antimetabolite combined with CNIs
and steroids for immunosuppression in renal transplantation [5].
y Elsevier Inc.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.clinbiochem.2014.01.014&domain=pdf
http://dx.doi.org/10.1016/j.clinbiochem.2014.01.014
mailto:xingshuai529378226@126.com
mailto:pzhou@tjh.tjmu.edu.cn
http://dx.doi.org/10.1016/j.clinbiochem.2014.01.014
http://www.sciencedirect.com/science/journal/02637296


664 S. Xing et al. / Clinical Biochemistry 47 (2014) 663–669
The recent meta-analysis demonstrates that MZR is significantly
superior to AZA in renal transplant recipients [6]. When compared
MMF with AZA, MMF used with CNIs indeed confers a clinical benefit
over AZA [7]. So, a logical question is: what was the efficacy and safety
when we use MZR compared with MMF? A number of high-quality
researches, including randomized controlled trials (RCTs) or cohort
studies, have assessed the efficacy and safety of MMF versus MZR as
maintenance immunosuppression regimens after renal transplantation
in Asia, but previous results have not been consistent. Whether MZR
could substitute MMF as the cornerstone regimen in maintenance im-
munosuppression after renal transplantation in clinical setting remains
uncertain. Due to the small sample size, most individual trials rarely
provide enough statistical power to show a difference between MMF
and MZR therapeutic effect.

Based on the controversial conclusions among various trials, we
conduct a meta-analysis including all the available clinical trials to
compare the efficacy and safety of MZR with MMF, in order to provide
more reliable evidence that may help guide transplant surgeons.

Materials and methods

Literature search strategy

To identify the relevant literature, searches of Medline (PubMed and
Ovid), Cochrane Library, Embase, ISI web of science and two Chinese
database (China National Knowledge Infrastructure andWanFang data-
base) were conducted from January 2000 to May 2013. Search terms
were constructed by using Boolean logic of the following keywords:
(renal transplant or kidney transplant) and (mizoribine or bredinin or
MZR) and (mycophenolatemofetil orMMForMPA). Potentially relevant
studies obtained via electronic searchwere extracted. Their abstracts and
full texts were considered for further evaluation, and their references
were manually searched for further complement. We excluded reports
using Boolean operator “not”: meta-analysis or review or animal studies.
To maximize data requisition, we contacted some of authors whose arti-
cle contained insufficient information. In undertaking this study, we
followed recommendations made by the Meta-analysis of Observational
Studies in Epidemiology (MOOSE) group.

Inclusion criteria

Articles published in any language were considered by two indepen-
dent reviewers if they fulfilled the following criteria: (1) they compara-
tively assessed at least one risk event associated MZR versus MMF;
(2) studies were designed as RCT or cohort- or case–control researches;
(3) they were done in adult renal transplant recipients, from both
deceased and living donors, except for those receivingmulti-organ trans-
plantation; (4) MZR versus MMF as maintenance immunosuppression
regimen after renal transplantation, supplemented by other one or two
types of immunosuppression drugs; (5) studies aimed to compare
the efficacy and safety of MMF with MZR, without setting any dose
limitation to MZR. If results from different follow-up populations
were published by the same author, they were all included; for stud-
ies that used the same study population as another or others, we
selected one of the highest qualities.

Data extraction and quality assessment

Two investigators independently extracted the data, utilizing a pre-
designed data extraction form which met the inclusion criteria above.
Disagreements between investigators with regard to data extraction
were resolved by discussion and reached a consensus with all authors.
Studies were classified according to their design. The following data,
though some studies did not include all of them, were extracted from
identified trials: (1) study characteristics relating to demographics,
therapeutic regimen, dosage, duration of follow-up, etc; (2) efficacy
profiles, including acute rejection (AR), patient survival, graft survival
and serum creatinine level (sCr); and (3) safety profiles, consisting of
leukopenia, liver damage, gastrointestinal disorder, hyperuricemia,
and virus infection. Further, high-dose (≥3 mg/kg/d) or low-dose
(b3 mg/kg/d) MZR was classified into subgroups to determine the dif-
ferent efficacy and safety comparing with MMF. We had identified
that there is no significant difference between the two treatment
groups among all included studies in terms of recipient sex, donor
sex, donor source, donor age, human leukocyte antigen-locus A,
locus B, locus DR and blood group ABO-compatibility before our
meta-analysis starts.

Quality assessment was undertaken independently by at least two
authors. Discrepancies were resolved by discussion with a third investi-
gator, or consensus of the whole team when necessary. The quality of
RCT studies was assessed using the Jadad score system [8] while the
case–control or cohort studies were assessed by means of Newcastle–
Ottawa Quality Assessment Scale (NOS) [9].

Statistical analysis

Freeware program ReviewManager (version 5.0) was used for data
manipulation and statistical analysis. Measures of interest were relative
risk (RR) and associated 95% CIs. Continuous outcomes were presented
as a standardized mean difference (SMD) because two studies reported
the level of serum UA using μg/dL and other studies used mmol/L. All
statistical tests were two-sided. In our analytical framework, fixed-
effect model or random-effect model was used depending on the ab-
sence or presence of significant heterogeneity. The heterogeneity
among trials evaluated by the χ2-based Q testing (Statistical signifi-
cance cut-off for the test of heterogeneity was set at 0.10) and I2 statis-
tics (I2 N 50%). The random-effect model adjusted for variability of
results among trials provided a more conservative estimate of an effect
using wider CI.

Publication bias was examined by a funnel plot of RR against RR. If
there was evidence of publication bias, the funnel plot would be asym-
metric. Further, we also conducted a sensitivity analysis, by excluding
any single study each time. Subgroup analysis was conducted if there
was significant heterogeneity.

Results

Search results and characteristics

The literature searches yielded 148 studies. Of these, we excluded
132 articles and the remaining 16 articles fulfilled the criteria for this
systematic review. The detailed process of study selection and reasons
for exclusion are presented in Fig. 1. Seven of 16 articles were RCTs,
and ninewere cohort studies. All case studieswere published in fulltext,
and nine of them were published in Chinese, seven in English. These
studies of our review were involved in the following 10 provinces
municipalities in China and several other countries in Asia: Central
China (Hubei, Henan), South China (Jiangxi, Guangdong), East China
(Shanghai, Zhejiang, Jiangsu), North China (Beijing, Jilin), West China
(Shanxi), Japan and Korea. A total of 1149 Asian patients treated with
MZR (N.550) or MMF (N.599) were involved in this review. A great
majority of these cases were collected from hospitals. The main charac-
teristics and the detail of the quality assessment of these studies were
summarized in Table 1. Additionally, as the results from two separate
trials (both of which met the inclusion criteria) were reported by the
same author Yoshimura N, both of them were included and were
labeled with Yoshimura N 2012, Yoshimura N 2013.

Quality assessment of RCTs analyzed demonstrated that only 2 of 7
studies had a Jadad score equal to 3 (28.8%), and with mean value 2.14,
especially for the principle of blinding and allocation concealment (0%
and 28.6%, respectively). The quality of included RCTs was slightly low.
With regard to cohort studies, fortunately, the majority of the studies



Fig. 1. Literature flow chart.
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were of good quality with a total NOS score more than 6 (Mean:7.22).
A major weakness in these studies was the shortness of the follow-up
period, averaging 16 months (Table 1).

Efficacy profiles

Acute rejection
Incidences of ARwere reported in 15 studies. Pooled results failed to

show statistically significant differences between MMF and MZR group
and no heterogeneitywas observed. On thewhole, MMFwas associated
with a lower incidence of AR over MZR despite no statistical difference.
Such superiority reducedwhen a patient received higher dosage ofMZR
(Fig. 2 and Table 2).

Patient survival and graft survival
Data concerning patient or graft survival was available in 9 trials

including 518 patients. Patients receiving low-dose MZR seemed to
have lower patient or graft survival rates compared to those with
MMF treatment, although such difference did not reach statistical
Table 1
Characteristic and quality assessment of included trials.

First author, year
(reference)

Location Study
design

NO.(MZR/MMF) Male(MZR/MMF) Dosa

MZR

Zhan SL [14] North China RCTs 30 (15/15) 21 (11/10) 180
Zhang LY [15] West China RCTs 112 (52/60) 70 (32/38) 200
Liu B [16] Central China RCTs 28 (14/14) 19 (NS) 72
Han S [17] East China RCTs 70 (35/35) 46 (23/23) 200
Ming AM [18] South China RCTs 40 (20/20) NS 100
Takahara S [19] Japan RCTs 35 (16/19) 24 (9/15) 720
Ju MK [20] Korea RCTs 219 (110/109) 70/64 150–

200 ~
Li XC [21] South China Cohort 62 (28/34) NS 100
Chen JS [22] East China Cohort 69 (38/31) 46 (26/20) 100–
Jang LN [23] North China Cohort 91 (32/59) NS 100–
Han L [24] Central China Cohort 112 (56/56) NS 100
Ohashi Y [25] Japan Cohort 37 (18/19) 28 (14/14) 300
Ding X [26] East China Cohort 72 (36/36) 25 (13/12) 100
Yoshimura N [27] Japan Cohort 78 (40/38) 43 (23/20) 360
Yoshimura N [28] Japan Cohort 24 (12/12) 13 (7/5) 360
Nakamura N [29] Japan Cohort 43 (22/21) 29 (15/14) 60–1

27 (6/21) 20 (6/14) 360

MZR: Mizoribine; MMF: Mycophenolate mofetil; CsA: Cyclosporin A: Bas: Basiliximab; FK: Tac
Allocation concealment; ITT: Intention-to-treat; CMS: Combined medication scheme.
significance (P = 0.80 or P = 0.61, respectively). However, it should
be noted that such superiority was reversal when patients received high-
doseMZR,without significant heterogeneity detected. Similarly, no statis-
tical significance was detected in terms of high-dose MZR versus MMF
(Fig. 2 and Table 2).

Graft function
Similar results were yielded with respect to serum creatinine (sCr).

No statistical significance was shown between groups no matter what
doses that MZR consumes. The heterogeneity was high (I2 = 83%),
but completely disappeared only when the study by Chen et al. was ex-
cluded from analysis. In particular, distinguishing from other included
studies, Chen's study showed a significant increase of sCr in patients
who were receiving MZR at the months 6 and 12 after renal transplan-
tation. In our meta-analysis, the final available data of sCr was collected
from themeasured value at endpoints ofmonitoring therapy. Due to the
difference of follow-up period (6, or 12, or 24 months), different values
of sCr incorporated into this meta-analysis may partially explain the
heterogeneity among studies. Overall, no noticeable MZR-related sCr
ges CMS Donor type Follow-up(M) Jadad NOS
score

(mg/d) MMF(g/d)

1.5 CsA + Pred NS 3 2 –

1.5 CsA + Pred NS 18 3 –

1.5–2 CsA + Pred LD 6 2 –

1.5–2 CsA + Pred DD 12 1 –

1.5 CsA/FK + Pred DD 6 2 –

2 FK + St LD 12 3 –

200 1–2 FK + Pred LD or DD 6.5 2 –

300 2
1.5 CsA/FK + Pred LD 6 – 7

150 1.5 CsA/FK + Pred NS 12 – 8
200 1–1.5 FK + Pred DD 6 – 9

1–2 CsA + Pred NS 12 – 6
1 FK LD 39 – 7
1–1.5 CsA + Pred LD or DD N24 – 8
1.5 CsA + Bas + St LD 24 – 7
1 CsA/FK + Pred LD 12 – 6

80 1–2 CsA/FK LD or DD N3 – 7

rolimus; Pred: Prednisone; NS: Not specified; DD: Deceased donor; LD: Living donor; AC:



Fig. 2. Evaluation of pooled efficacy profiles ofMZR comparingwithMMF. The pooled relative risk (RR)with its 95% CI is depicted as a line segment. The position of themidpoint represents
the RR value. RRmore than 1 favors MMF, suggesting that less acute rejection episodes occurred in MMF group; RR less than 1 favors MZR, suggesting that less patient and graft survival
episodes occurred inMZR group, but all without statistical difference. For the same reason, less elevated serum creatinine episodes occurred inMMF group comparingwithMZR group but
without statistical difference. M–H Fixed: Mantel–Haenszel Fixed-effects model; CI: Confidence Interval.☆: The random-effect model was used for continuous variable due to heteroge-
neity evaluation of I2 value 50%.
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elevation was observed and no statistical significance was detected
comparing with MMF [RR 8.31, 95% CI (−4.62, 21.24), P 0.21]. (Fig. 2
and Table 2).

Safety profiles

The safety profile was assessed by monitoring the occurrence of
adverse events, including leukopenia, hepatic dysfunction, gastroin-
testinal disorder, virus infection and hyperuricemia. On the whole,
except for hyperuricemia, MZR group had a significant lower inci-
dence of adverse events compared to that of MMF without heteroge-
neity detected. The maintenance dose of MZR seemed no discernible
Table 2
Meta-analysis of efficacy and safety outcomes.

Outcome Studies reporting outcome (n) MZR dose (RR, 95% CI)

Studies Patients Low-dose

Efficacy profiles
Acute rejection 15 1047 (505/542) 1.47 (0.95–2.26)
Patient survival 9 518 (259/259) 1.03 (0.33–3.20)
Graft survival 9 518 (259/259) 1.00 (0.37–2,66)
Elevated sCra 5 234 (120/114) 10.92 (−8.17–30.02)

Safety profiles
Leukopenia 11 641 (303/338) 0.42 (0,25–0.72)
Liver damage 7 469 (239/230) 0.50 (0.26–0.94) ⁎

GI disorder 11 840 (402/438) 0.39 (0.19–0.82)
CMV infection 11 542 (264/278) 0.30 (0.12–0.75)
HZV 3 81 (33/48) NA
BKV 2 72 (34/38) NA
Hyperuricemia 9 514 (252/262) 2.21 (1.45–3.36)

NA: Not applicable; GI: Gastrointestinal; sCr: Serum creatinine; CMV: Cytomegalovirus; HZV: H
a Random effects analysis.
* P = 0.03.
impact on the heterogeneity. In the analysis of specific variables, it
was noted that patients receiving MZR had statistically significant
fewer episodes of leukopenia and gastrointestinal disorder. Also,
MZR seemed to offer more favorable outcome in terms of hepatic
dysfunction. Although the liver damagewas aggravatedwith increasing
dose of MZR (Fig. 3 and Table 2), the difference never reached a statis-
tical significance.

As for virus infection, the incidence of cytomegalovirus (CMV), Herpes
zoster (HZV) and Polyomavirus BK (BKV) infection was reported in 11, 3
and 2 studies, respectively. MMF was associated with a higher incidence
of CMV infection over MZR under homogenous conditions. However, no
difference was detected in terms of HZV or BKV infection (P 0.75 or
Combined outcome

High-dose RR 95% CI P I2 (%)

1.17 (0.78–1.75) 1.30 0.97–1.74 0.08 0
0.32 (0.01–7.55) 0.88 0.31–2.49 0.80 0
0.19 (0.01–3.84) 0.79 0.32–1.95 0.61 0
5.03 (−12.10–22.16) 8.31 −4.62–21.24 0.21 83

0.37 (0.20–0.71) 0.40 0.26–0.60 b0.0001 0
0.86 (0.51–1.46) 0.67 0.44–1.00 0.05 0
0.59 (0.43–0.82) 0.55 0.41–0.74 b0.0001 50
0.51 (0.37–0.71) 0.47 0.34–0.64 b0.00001 15
NA 0.80 0.19–3.26 0.75 0
NA 0.67 0.09–4.87 0.69 0
1.74 (1.17–2.58) 1.96 1.47–2.61 b0.00001 0

erpes zoster virus; BKV: Polyomavirus BK; RR: Relative risk; CI: Confidence interval.

image of Fig.�2
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P 0.69, respectively). The small number of studies included made it
difficult to draw firm conclusions with regard to either of these
viral infections.

Nevertheless, the incidence of hyperuricemia was reported in 9
studies (514 patients). A significant increase in the risk of hyperuricemia
was observed with MZR [RR 1.96, 95% CI (1.47, 2.61), P b 0.00001]. No
heterogeneity was found and the dose-dependent effect was found
between MZR and hyperuricemia risk (Fig. 3 and Table 2).

Publication bias evaluation and sensitivity analysis

There was no indication of a publication bias in the report of results
on the efficacy and safety of MZR versus MMF, from visualization of the
funnel plot (Fig. 4)which illustrated scarcely any of the included studies
lay outside the 95% confidence interval boundaries. Via omitting one
study at a time, the summary estimates for the outcome did not change
significant difference, demonstrating that our results were statistically
reliable.

Discussion

The immunosuppressive effects of MMF and MZR result from
antipurine metabolite action. Both of them are uncompetitive
and reversible inhibitors of the enzyme inosine monophosphate
dehydrogenase (IMPDH), potently interrupt DNA synthesis in the
S phase of cell cycle, and thus suppress lymphocyte proliferation.
What is the difference between them? The answer in this case
may be concluded that MMF also prevents the glycosylation of
adhesion molecules that are involved in the attachment and infil-
tration of lymphocytes; while the active form of MZR (MZR-5′-
phosphate) affects both IMPDH and GMP synthetase, the latter is
not inhibited by MMF [3]. According to conventional wisdom, MMF is
used more widely because of its stronger effects than MZR for immuno-
suppression. However, MZR has been reported to display antiviral as
well as immunosuppressive effects. In order to combine the effects of
Fig. 3. Evaluation of pooled safety profiles of MZR comparingwithMMF. The pooled relative risk
the RR value. Forest plot shows the relative risk of the adverse event profile. Pooled estimates of
with MMF. RR value less than 1 favors MZR, suggesting that less episodes above occurred in M
tistical difference. RR: Relative Risk. M–H Fixed: Mantel–Haenszel Fixed-effects model; CI: Con
anti-rejection with anti-virus, a high-dose MZR regimen revealed good
results [10]. Because of the predominant renal metabolism, the dosage
of MZR should be adapted to the glomerular filtration rate andMZR plas-
ma trough level to avoid overimmunosuppression and adverse effects. As
MZR passes a cell membrane according to the gradient of its concentra-
tion, currently, most of the RCTs from Japan are conducted to prove the
efficacy and safety of high-dose MZR, distinguishing from the low-dose
MZR use previously [10,11].

In this study, we examined whether high-dose MZR (≧3 mg/kg/d)
was as effective and safe as MMF for patients at a stable phase after
renal transplantation. Based on their recommended dose respectively,
the immunosuppressive action of MZR is almost identical with MMF.
However, the recommended dose of MMF is 50 mg/kg/d and there is
the enormous variety on that of MZR, which is only 1–2 mg/kg/d [3].
To compensate for the relatively less potent immunosuppressive effect
of MZR, high-dose MZR was recommended. Our meta-analysis shows
that high-dose (3–6 mg/kg/d) MZR as maintenance immunosuppres-
sion regimen supplemented by other one or two types of immunosup-
pressive agents could achieve satisfactory immunosuppression with a
lower rate of adverse events compared with MMF. However, given the
varying immunologic conditions of individual patients, individualized
protocol of MZR use should be established. More clinical RCTs are still
needed to confirm the difference of efficacy between MMF and MZR,
due to the lack of statistical significance of present data. Meanwhile,
our analysis also confirmed that the safety of MMF is weaker than
MZR, and the weakness still exists comparing with the high-dose
MZR. From other perspective, high-dose MZR regimen may be as effec-
tive as MMF, but safety is stronger than MMF, but for hyperuricemia,
which is the most common side effect in MZR-treated patients, can be
easily controlled by allopurinol administration in most cases at present.

Viral infections are major problems of renal transplant recipients
who are at an early stage after transplantation. It has been reported
thatmore than 50% of seropositive and about 10% of seronegative trans-
plant patients may develop a symptomatic CMV disease [12]. Adminis-
tration of MMF is well known to be associated with CMV infection and
(RR) with its 95% CI is depicted as a line segment. The position of themidpoint represents
leucocytopenia, liver damage, gastrointestinal disorder and virus infections compareMZR
ZR group, and vice versa, hyperuricemia more often occurred in MZR group and with sta-
fidence Interval.

image of Fig.�3


Fig. 4. Funnel plot of pooled efficacy and safety of MZR comparing with MMF. Vertical line shows overall relative risk, outer lines show 95% confidence interval. (A) efficacy profiles.
(B) safety profiles.
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BK nephropathy. Fortunately, MZR, with its similar chemical structure
to ribavirin, a well-known broad-spectrum antiviral agent [13], shows
anti-CMV activity in an apparently synergistic manner. Our meta-
analysis reached the similar conclusion. Therefore, it is another reason
for a positive recommendation for MZR use.

Medical cost is another consideration when we want to select an
ideal immunosuppressive agent. Especially under the condition of com-
parable efficacy, medical expense may be an important consideration
factor. As for the cost-effectiveness of MZR in Japan (Bredinin®), it
would cost only 66.7% of MMF (CellCept®), comparing MMF 2 g/d
with MZR 5 mg/kg/d for a patient weighting 50 kg. Similarly, in the
case of China, MZR costs 55.9% of MMF, showing the similar anti-
rejection effects [4].

Our meta-analysis has several potential limitations. (i) few of avail-
able data reported the HZV or BKV infection episodes, which limits our
further subgroup analysis; (ii) the study quality of the included RCTs is
relatively low, whichmight limit the ability to reach convincing conclu-
sions; (iii) all the included trials were conducted among Asian popula-
tions, and no available data derived from Caucasians or black patient
were collected, which limits the validity of this meta-analysis to Asian
populations; (iv) some specific patient populations, such as living ver-
sus deceased donors, first graft versus multiple graft, or low- versus
high-risk recipients, were not assessed due to the lack of enough avail-
able data. As such, our results should be interpreted with caution.

All in all, our meta-analysis provides evidence for the efficacy and
safety of MZR use in Asian renal transplant patients. A high-dose MZR
is expected to be as effective as MMF, as well as fewer adverse events,
but meanwhile, serum UA and liver damage should be monitored
strictly. Given the lower cost and well-tolerated traits of MZR versus
MMF in Asia, we recommend that more large-sample clinical trials
with stricter design and longer follow-ups should be conducted to eval-
uate long-term efficacy and safety of MZR, especially in Europe and the
United States, in order to make a possible improvement in overall renal
transplantation around the world.
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