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Abstract
AIM: To assess the advantages and disadvantages of 
immunosuppression monotherapy after transplantation 
and the impact of monotherapy on hepatitis C virus 
(HCV) recurrence.

METHODS: Articles from Cochrane Hepato-Biliary Group 
Controlled Trials Register, the Cochrane Central Regis-
ter of Controlled Trials in The Cochrane Library, MED-
LINE, EMBASE, and Science Citation Index Expanded, 
including non-English literature identified in these 
databases, were searched up to January 2013. We in-
cluded randomized clinical trials comparing various im-
munosuppression monotherapy and prednisone-based 
immunosuppression combinations for liver transplan-
tation. The modified Jadad scale score or the Oxford 
quality scoring system was used. Meta-analyses were 
performed with weighted random-effects models.

RESULTS: A total of 14 randomized articles includ-
ing 1814 patients were identified. Eight trials including 
1214 patients compared tacrolimus monotherapy (n  = 
610) vs  tacrolimus plus steroids or triple therapy re-
garding acute rejection and adverse events (n  = 604). 
Five trials, including 285 patients, compared tacrolimus 

monotherapy (n  = 143) vs  tacrolimus plus steroids or 
triple therapy regarding hepatitis C recurrence (n  = 
142). Four trials including 273 patients compared cy-
closporine monotherapy (n  = 148) vs  cyclosporine and 
steroids regarding acute rejection and adverse events 
(n  = 125). Two trials including 170 patients compared 
mycophenolate mofetil monotherapy (n  = 86) vs  com-
binations regarding acute rejection (n  = 84). There 
were no significant differences in the acute rejection 
rates between tacrolimus monotherapy (RR = 1.04, P  
= 0.620), and cyclosporine monotherapy (RR = 0.89, 
P  = 0.770). Mycophenolate mofetil monotherapy had 
a significant increase in the acute rejection rate (RR 
= 4.50, P  = 0.027). Tacrolimus monotherapy had no 
significant effects on the recurrence of hepatitis C (RR 
= 1.03, P  = 0.752). More cytomegalovirus infection (RR 
= 0.48, P  = 0.000) and drug-related diabetes mellitus 
(RR = 0.54, P  = 0.000) were observed in the immuno-
suppression combination therapy groups.

CONCLUSION: Tacrolimus and cyclosporine mono-
therapy may be as effective as immunosuppression 
combination therapy. Mycophenolate mofetil mono-
therapy was not considerable. Tacrolimus monotherapy 
does not increase recurrence of HCV.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: Immunosuppression is used to reduce rejec-
tion after liver transplantation. There is considerable 
controversy regarding whether an immunosuppression 
monotherapy should be used after transplantation. To 
assess the advantages (lower adverse events such as 
hypertension) and disadvantages (more episodes of 
rejection) of immunosuppression monotherapy after 
transplantation. To assess the impact of immunosup-
pression monotherapy on recurrence of hepatitis C.
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INTRODUCTION
Liver transplantation (LT) remains the only curative treat-
ment for various liver diseases. Most immunosuppression 
protocols in liver transplantation currently based on drug 
combinations provide excellent graft acceptance. How-
ever, there are a number of  undesired side effects that 
can dramatically impact patient morbidity. Steroids are 
associated with many of  these complications[1-4]. In addi-
tion, the early pretreatment with high-dose steroids may 
interfere with graft acceptance[5].

Recent investigations have generated biomarkers po-
tentially capable of  identifying operationally tolerant liver 
transplant recipients[6]. Long-term immunosuppression 
without steroids is not widely practiced in liver trans-
plantation likely due to reports of  higher rejection rates 
with immunosuppression monotherapy[7-11]. Further-
more, there is much debate about the role of  steroids 
and immunosuppression monotherapy on recurrence of  
hepatitis C virus (HCV)[12-14].

The aim of  this study was to conduct a systematic 
review and meta-analysis to assess the advantages and 
of  an immunosuppression with or without steroids after 
transplantation.

MATERIALS AND METHODS
Eligibility criteria
A detailed set of  eligibility criteria (see below, Study 
Selection) was established a priori to identify studies rel-
evant for this Meta-analysis. A comprehensive search for 
published and unpublished randomized cohort studies 
(RCTs) involving adult (≥ 18 years old) subjects who had 
received immunosuppression combination steroid for re-
cipient post-LT was undertaken. An a priori decision was 
made to only include reports utilizing immunosuppres-
sion monotherapy vs combination therapy which is widely 
regarded as the current standard of  care. There were no 
restrictions on language placed during our search process.

Information sources
An electronic search of  the following databases was 
performed: MEDLINE, EMBASE, and the Cochrane 
Database of  Systematic Reviews, the Cochrane Central 
Register of  Controlled Trials, and the Science Citation 
Index Expanded. There were no restrictions on language 
placed during our search process and all was up to Janu-
ary 2013. The search strategy combined the following 
key words “randomized or randomize or random”, “liver 
or hepatic”, “transplantation or transplant or graft”, 

“hepatitis C or hep C or HCV”, “immunosuppression or 
immunodepressant or immunosuppressant or immuno-
suppression agent”, and “monotherapy”. Reference lists 
of  retrieved articles and other reviews were screened to 
identify other potential studies. When necessary, we at-
tempted to contact researchers to identify missing data 
not included in the original publication.

Study selection
Titles and abstracts identified from the search selection 
process were independently screened by two authors 
(Xiang Lan and MG Liu). Pilot testing of  the 30 initial ci-
tations was employed to ensure explicit and valid screen-
ing criteria and good inter-observer agreement. All full 
text articles from potentially eligible studies were then 
retrieved and independently reviewed by two authors 
(Xiang Lan and MG Liu) using strict inclusion and exclu-
sion criteria. We included RCTs published in full-text or 
abstract form comparing combination therapy (including 
triple therapy: two immunosuppression plus steroid) with 
the immunosuppression monotherapy (one main immu-
nosuppression and steroid withdraw). This combination 
therapy is widely regarded as the current standard of  
care. Studies reporting HCV recurrence must have HCV 
RNA levels monitoring. Studies had to report on the pri-
mary outcome (acute rejection rate), and data on the im-
munosuppressive regimen post transplantation had to be 
clearly stated. Besides, the strategy of  steroid withdraw-
ing must be stated too. We excluded: (1) companion re-
ports (study with fewer patients and/or shorter follow up 
excluded); (2) abstracts identified with electronic search 
published before 1990; (3) review articles, editorials, and 
case reports; (4) small studies or case series with less 
than 10 patients on each group; (5) studies on non-LT 
patient populations or following multi-organ transplan; 
(6) studies that only included patients re-transplantation; 
(7) studies in which not all treated patients received com-
bination therapy or therapy was used in conjunction with 
other/experimental interventions/treatments; and (8) 
studies reporting strictly on highly selected patient popu-
lations only. Where more than one exclusion criteria ex-
isted, the primary reason was selected based on the first 
exclusion criteria encountered as numbered above. If  
no consensus was reached, a third reviewer (Ping Chen), 
who was unaware of  the other reviewers’ determinations, 
functioned as an arbitrator.

Methodological assessment
The methodological quality of  each trial was assessed 
according to the instructions given in the Cochrane 
Handbook for Systematic Reviews of  Intervention[15] 

and the Cochrane Hepato-biliary Group Module[16]. The 
modified Jadad scale score or the Oxford quality scoring 
system[17] were used to independently assess the meth-
odological quality of  RCTs. One-3 points indicated low 
quality. Discrepancies were resolved by re-reviewing the 
original publications, discussion and reaching consensus. 
If  similar articles in different journals had the same au-
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thor, duplicate cases were eliminated.

Data collection
The following data were extracted from each study us-
ing a predefined form: year of  publication, number of  
patients, immunosuppression regimen, immunosuppres-
sion concentration target, drug dosage, mean immuno-
suppression after LT, The incidence of  acute cellular 
rejection (ACR) rates, methodological quality, HCV re-
currence and other adverse events such as hypertension 
and diabetes. The evaluated outcome was biopsy-proven 
ACR triggered by clinical suspicion or by protocol. The 
risk of  bias in eligible studies was assessed by a single 
reviewer (HX Chen), and checked by a second reviewer 
(HM Liu) in terms of  the quality of  selective outcomes. 
We determined whether groups were balanced at base-
line, and whether an intension to treat analysis was un-
dertaken.

Statistical analysis
The number of  events and patients in each interven-
tion arm were used to calculate relative risks (RR) and 
95%CI. Heterogeneity between the studies was assessed 
with the Q statistic, and meta-analyses were performed 
with weighted random-effects models because of  the 
presence of  heterogeneity between studies. Compara-
bility of  the studies included in each pooled analysis 
was confirmed by examination of  the χ 2 Q (expressed 
as a P value) and I2 statistics of  heterogeneity. Statisti-
cal heterogeneity was present, defined as P ≤ 0.05 or I2 
> 50%. If  P value was below 0.1 or I2 > 25%, a meta-
regression was performed to assess the potential risk of  
heterogeneity. To account for potential differences that 
were evident clinically, but not identified by statistical 
tests, random effects models were used for each out-
come measure. All statistical analyses were performed 
using STATA 10. We planned to perform funnel plots 
for assessment of  risk of  bias, but were not able to do 
so because there were no more than 10 articles in any 
ananlysis.

RESULTS
Search results
Results of  the article selection are described in Figure 1. 
The initial search from the electronic database yielded 
a total of  287 abstracts in MEDLINE, 21 in EMBASE 
and 15 in Cochrane Central Register of  Controlled Tri-
als. Fifty-two citations were duplications of  identical ci-
tations resulting from searching different data bases. Af-
ter applying limits, 27 study abstracts of  RCTs remained. 
We then excluded 13 citations after title and abstract 
screening, as they clearly did not fulfill our eligibility cri-
teria. Finally, publications eligible for analysis included 
14 RCTs.

Study characteristics
Eight trials including 1214 patients compared tacrolimus 
monotherapy (n = 610) vs tacrolimus plus steroids or 
immunosuppression triple therapy regarding acute rejec-
tion and adverse events (n = 604). Five trials, including 
285 patients, compared tacrolimus monotherapy (n = 
143) vs tacrolimus plus steroids or immunosuppression 
triple therapy effects on hepatitis C recurrence (n = 142). 
Four trials including 273 patients compared cyclosporine 
monotherapy (148) vs cyclosporine and steroids regard-
ing acute rejection and adverse events (n = 125). Two 
trials including 170 patients compared mycophenolate 
mofetil monotherapy (MMF, n = 86) vs combination re-
garding acute rejection (n = 84). Four studies were based 
in the Germany, 3 in Italy, Spain and United Kingdom, 
and one each in United States and France. Details of  
these studies are shown in Table 1.

Immunosuppression
Tacrolimus, cyclosporine and mycophenolate mofetil 
were included in this meta-analysis. The initial dose of  
tacrolimus was between 0.05 mg/kg per day and 0.20 
mg/kg per day, and subsequently adjusted to achieve tar-
get whole-blood trough levels of  10-20 ng/mL, and 5-15 
ng/mL thereafter. In all related studies, cyclosporine was 
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Potentially relevant studies identified and screened 
for retrieval based on search strategy (n  = 323)

Studies suitable for meta-analysis or 
systematic review (n  = 14)

Abstract review (n  = 271)

Article review (n  = 27)

Studies not meeting inclusion criteria (n  = 13)

Exclude (n  = 244)

Duplicates (n  = 52)

Figure 1  Selection of studies.
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Table 1  Characteristics of randomized cohort studies included in the meta-analysis
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Ref. Year Location Immunosuppression Number 
of 

patients

Drug whole-blood trough levels 
(ng/mL)

Steroid protocol (POT)

Monotherapy 
group

Combination 
group

Monotherapy 
group

Combination 
group

Benítez et al[18] 2010 Spain Tacrolimus Tacrolimus plus 
prednisone

  37 5–12 10-15 (3 mo POT) 20 mg/d prednisone
7-12 thereafter NS in monotherapy group

Boillot et al[19] 2005 Germany Tacrolimus 
monotherapy

Tacrolimus plus 
steroids

698 10-20 (first 6 wk) and 5-15 thereafter prednisone 1-20 mg/d during 
month 1, 10-15 mg/day dur-
ing month 2, and 5-10 mg/d 
during month 3 and thereaf-
ter and NS in monotherapy 

group
Weiler et al[20] 2010 Germany Tacrolimus 

monotherapy
Tacrolimus plus 

steroids
110 10-15 (first 6 wk) and 5-10 thereafter 100 mg on day 1 to 12 mg 

on day 14 in both groups 
and placebo in monotherapy 

group 2 wk later
Chau et al[21] 2001 Great Britain Tacrolimus 

monotherapy
Triple therapy   24 5-15 NS prednisone 1 mg/kg per 

day and NS in monotherapy 
group

Moench et al[22] 2007 Germany Tacrolimus 
monotherapy

Tacrolimus plus 
steroids

110 10-15 (between day 0 and 42)
5-10 thereafter

Methylprednisolon 100 mg at 
day 1, 75 mg at day 2, 48 mg 
at day 3 and 4, 36 mg at day 

5 and 6, 24 mg at day 7 and 8, 
16 mg from day 9 to 13 and 12 
mg at day 14 and then placebo 
in monotherapy group 2 wk 

later
Eason et al[23] 2003 United 

States
Tacrolimus 

monotherapy + 
ATG

Tacrolimus plus 
steroids

119 10-12 NS NS

Samonakis et al[12] 2006 Great Britain Tacrolimus 
monotherapy

Tacrolimus, aza-
thioprine, and 
prednisolone

  56 5-14 Methylprednisolone
(16 mg/d Ⅳ) until oral intake 

was established
when 20 mg/d prednisolone 

and NS in monotherapy 
group

Margarit et al[13] 2005 Spain Tacrolimus 
monotherapy

Tacrolimus plus 
steroids

  60 10-15 over the first few weeks and 
between 8 and 12 thereafter

100 mg b.i.d. of methylpred-
nisolone post-LT day 1 and 
decreasing to 20 mg/d by 

day 6 patients were weaned 
off prednisone, if possible, 

within 3 mo post-LT and NS 
in monotherapy group

Manousou et al[14] 2009 Great
Britain

Tacrolimus 
monotherapy

Tacrolimus, aza-
thioprine, and 
prednisolone

103 3-26 over the 
first few week

8 at 1 mo
7 at 2 mo
8 at 3 mo

2.5-14 over the 
first few weeks

8.4 at 1 mo
7.5 at 2 mo
7 at 3 mo

Methylprednisolone (16 mg/d 
intravenously) was given un-
til oral intake was established; 
then, 20 mg/d prednisolone 

and NS in monotherapy 
group

Belli et al[24] 1998 Italy Cyclosporine 
monotherapy

Cyclosporine 
plus steroids

  88 200-300 (1 mo POT) Methylprednisolone
150-250 thereafter at a dose of 200 mg/d on post-

operative day 1, and tapered 
to 20 mg/d of prednisone by 

postoperative day 6; 5 mg 
reductions every 2 wk) to a 

maintenance dose of 0.1 mg/
kg per day and withdraw in 

monotherapy group 90 d later
De Carlis et al[25] 1997 Italy Cyclosporine 

monotherapy
Cyclosporine 
plus steroids

100 200-300 (1 mo POT)
150-250 thereafter

Continued with methylpred-
nisolone at a dose of 200 

mg/d on postoperative day 
1, and tapered to 20 mg/d of 
prednisone by postoperative 
day 6; 5 mg reductions every 
2 wk) to a maintenance dose 

of 0.1 mg/kg per day and 
withdraw in monotherapy 

group 3 mo later
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Table 2  Methodological quality of including randomized cohort studies

initially given intravenously until the patients were able 
to eat, and then orally at a dosage that was adjusted to 
maintain therapeutic levels (RiaMonokit-Whole Blood 
Trough Levels) between 200 and 300 ng/mL for the first 
month, and 150-250 ng/mL thereafter. Mycophenolate 
mofetil was introduced in stages: 250 mg twice daily in 
the first week; 500 mg twice daily in the 2nd week; 750 
mg twice daily in the 3rd week; and a final dose of  1000 
mg twice daily from the fourth week onwards. Anti-
thymocyte globulins (ATG) were used with immunosup-
pression monotherapy in 5 RCTs[18,19,24-26].

Quality of included trials
The randomized studies (full-text abstracts) adhered to 
the majority of  the guidelines, and had a mean score of  3.7 
(range: 3-6) on the quality scales. Twelve RCTs[12-14,18,19,21-27] 
included details of  drug dose and target whole-blood 
trough levels. The remaining studies did not explicitly de-

scribe methods of  drug selection or the usage (n = 2)[20,28]. 
The methodological quality of  the RCTs was assessed us-
ing a validated tool as described above (Table 2).

Risk bias within and across studies
Those studies without detailed information on drug dos-
es or which used various doses of  immunosuppression 
were deemed to have at least a moderate risk of  bias. And 
in few monotherapy groups, using of  ATG was deemed 
to have at least a moderate risk of  bias too.

Meta-analysis of immunosuppression as monotherapy
Effects of  tacrolimus monotherapy on graft rejec-
tion: A total of  1214 patients were included in 8 articles 
about graft rejection. There were no significant effects 
on acute rejection with tacrolimus monotherapy (RR = 
1.04, 95%CI: 0.89-1.22, Z = 0.48, P = 0.629). Tacrolimus 
monotherapy did not increase the risk of  acute rejection, 
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Chau et al[21] 2001 Great Britain Cyclosporine 
monotherapy

Triple therapy   26 100-300 Prednisone 1 mg/kg per 
day and NS in monotherapy 

group
Romani et al[26] 1994 Italy Cyclosporine 

monotherapy
Cyclosporine 
plus steroids

  59 200-300 (1 mo POT) Methylprednisolone

150-250 thereafter at a dose of 200 mg/d on 
postoperative day 1 and 5 mg 

reductions every 2 wk) to a 
maintenance dose of 0.1 mg/
kg per day and withdraw in 

monotherapy group 90 d later
Schlitt et al[27] 2001 Germany Mycophenolate 

Mofetil Mono-
therapy

Mycophenolate 
Mofetil plus 

CNIs

  28 500 mg/d in the first week; 1000 
mg/d in the second week; 1500 mg/
d in the third week; final dose: 2000 

mg/d

CNIs dose was reduced by 
25% of the initial dose every 
week in monotherapy group

Schmeding et al[28] 2011 Germany Mycophenolate 
Mofetil Mono-

therapy

Mycophenolate 
Mofetil plus 

CNIs + steroids

142 500 mg/d at 1 wk; 1000-1500 mg/d 
at 2-3 wk; 2000 mg/d thereafter

CNI dose was withdraw 
completely in 12 wk later

Ref. Selection criteria 
specified

Study design Jadad scale 
score

Other causing 
of death report

Dropouts 
explained

Funding

Benítez et al[18] Adequate RCT 4 Adequate Yes Supported by grants from Fresenius Biotech 
GmbH, Spain

Boillot et al[19] Adequate RCT 4 Adequate Adequate Supported by Fujisawa GmbH, Munich, Germany
Weiler et al[20] Adequate RCT 3 Adequate Adequate NS
Chau et al[21] Adequate RCT 3 NS NS NS
Moench et al[22] Adequate RCT 6 Adequate Adequate Supported by Astellas Pharma Munich, Germany
Eason et al[23] Adequate RCT 4 NS Adequate Supported by unrestricted educational grants from 

Sangstat and Fujisawa
Samonakis et al[12] Adequate RCT 3 NS Ns Support from Fujisawa for some of the personnel 

involved in this investigator-led study
Margarit et al[13] Adequate RCT 4 Adequate Adequate Supported, in part, by a grant from Fujisawa GM
Manousou et al[14] Adequate RCT 6 Adequate Adequate NS
Belli et al[24] Adequate RCT 3 Adequate Adequate NS
De Carlis et al[25] Adequate RCT 4 Adequate Adequate NS
Romani et al[26] Adequate RCT 4 Adequate Adequate NS
Schlitt et al[27] Adequate RCT 4 Adequate Adequate NS
Schmeding et al[28] Adequate RCT 4 Adequate Adequate Funding for patient monitoring and laboratory di-

agnostics and data analysis was partially provided 
by Roche Pharmaceutical Company, Grenzach-

Wyhlen, Germany

Lan X et al . Immunosuppression monotherapy to prevent rejection
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Figure 2.

Impact of  tacrolimus monotherapy on adverse 
events: A total of  964 patients were included in 4 articles 
on cytomegalovirus (CMV) infection. A total of  1084 pa-
tients were included in 5 articles on drug-related diabetes 
mellitus (DM), and a total of  965 patients were included 
in 4 articles on drug-related hypertension (HP). There 
were no significant effects on the drug-related HP with 
tacrolimus monotherapy (RR = 0.95, 95%CI: 0.77-1.18, Z 
= 0.46, P = 0.646). There were significant effects on the 
CMV infection (RR = 0.48, 95%CI: 0.33-0.70, Z = 3.86, 
P = 0.000) and drug-related DM (RR = 0.54, 95%CI: 
0.42-0.69, Z = 4.75, P = 0.000) with tacrolimus mono-
therapy. More adverse events were observed in the immu-
nosuppression combination therapy groups, Figure 3.

Impact of  tacrolimus monotherapy on HCV recur-
rence: Based on our selection criteria, the effect of  tacroli-
mus monotherapy on HCV recurrence rates was reported 
in 5 studies including 285 patients. The overall pooled 
incidence of  HCV recurrence was 1.03 (95%CI: 0.86-1.24, 
Z = 0.32, P = 0.752). No significant effects were observed, 
Figure 4.

Impact of  cyclosporine monotherapy on graft rejec-
tion and adverse events: Four studies including 273 pa-
tients reported the impact of  cyclosporine monotherapy 
on graft rejection. Three studies including 262 patients 
reported the postoperative incidence of  complications 
such as drug-related DM. There were no significant ef-
fects on acute rejection rates with cyclosporine mono-
therapy (RR = 0.89, 95%CI: 0.40-1.98, Z = 0.29, P = 
0.771). There were significant effects on drug-related 
DM (RR = 0.26, 95%CI: 0.13-0.56, Z = 3.50, P = 0.000) 
with cyclosporine monotherapy, Figure 5A and B.

Impact of  MMF monotherapy on graft rejection: Based 
on our selection criteria, the impact of  MMF monother-
apy on graft rejection was reported in 2 studies including 

170 patients. The overall pooled incidence of  acute rejec-
tion was 4.54 (95%CI: 1.19-17.10, Z = 2.21, P = 0.027). 
MMF monotherapy led to significantly more acute rejec-
tion events. Heterogeneity was tested and was found to be 
not statistically significant (χ 2 = 0.13, P = 0.77) (Figure 6).

Meta-regression assessment for heterogeneity: To as-
sess heterogeneity in the test performance, meta-regres-
sion assessment was performed in those studies in which 
P value of  statistical heterogeneity were below 0.1.

P value of  statistical heterogeneity below 0.1 was ob-
served in 2 meta-analyses (Figures 3C and 4). The results 
of  meta-regression showed that the publication year (Z 
= -0.17, P = 0.87) and immunosuppression dosage (Z 
= 0.77, P = 0.44) had no effect on heterogeneity about 
tacrolimus monotherapy on drug-related DM. The pub-
lication year (Z = 1.90, P = 0.05) and immunosuppres-
sion dosage (Z = 1.99, P = 0.04) may have a significant 
effect on heterogeneity about tacrolimus monotherapy 
on HCV recurrence.

DISCUSSION
The current study, derived from 14 randomized stud-
ies, is to our knowledge, the first meta-analysis that has 
evaluated data from multiple studies to assess the effect 
on graft rejection of  an immunosuppression with or 
without corticosteroids. This meta-analysis shows that 
the tacrolimus and cyclosporine monotherapy may be as 
effective as immunosuppression by steroid-based com-
bination therapy for liver transplantation, and is associ-
ated with fewer complications. Mycophenolate mofetil 
monotherapy is not recommended post-transplantation 
because of  a high rate of  acute rejection events. Tacro-
limus monotherapy did not increase HCV recurrence in 
HCV-infected liver transplant recipients.

Recent refinements in immunosuppression therapy 
have led to a progressively increased survival rate after 
liver transplantation during the last decade[29,30]. None-
theless, there is still a need to define the most effective 
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Study Risk ratio 95%CI % weight

C. E. Bentez 2.13 (0.97, 4.69)   3.0

Olivier Boillot 0.97 (0.76, 1.23) 52.0

Nina Weiler 1.22 (0.69, 2.15)   8.0

Chau TN 0.79 (0.16, 3.90)   1.4

C. Moencha 1.37 (0.87, 2.15) 10.1

JAMES D. EASON 0.82 (0.46, 1.47)   9.5

D.N. Samonakis 0.78 (0.54, 1.14) 11.1

Carlos Margarit 1.26 (0.63, 2.51)   4.9

Overall (95%CI) 1.04 (0.89, 1.22)

0.1                            1                            10

Figure 2  Meta-analysis of randomized cohort studies comparing the effect of tacrolimus monotherapy on graft acute rejection. Heterogeneity was tested 
and was found to be not statistically significant (χ 2 = 8.58, P = 0.284).

Risk ratio
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immunosuppression with the minimum long-term side 
effects in order to improve the quality of  life in solid 
organ transplant recipients. In particular, steroids cause 
undesirable metabolic effects such as post-transplant 
diabetes mellitus and hypertension leading to increased 
infection rates, osteoporosis, and potentially HCV recur-
rence[31,32]. The argument for complete withdrawal of  ste-
roids from chronic immunosuppression protocols gained 
force in the early nineties[33,34], although it was previously 
proposed for children in the late 1980s[7]. It seems logical 
to try to eliminate steroids from chronic immunosup-
pression, considering the following facts: steroid therapy 
has a non-specific and largely unelucidated immuno-
suppression effect (empirical use); steroid dosage can 

be reduced. In addition, reducing immunosuppression 
combination therapy after liver transplantation is justifi-
able to avoid various side effects of  immunosuppression 
drugs[35,36]. A number of  studies have been performed 
to identify an immunosuppression regimen with mini-
mal adverse effects and maximum safety[37-39]. However, 
steroid-based immunosuppression combination therapy 
is routinely and generally used for liver transplantation.

Although steroid adjuvant and immunosupressive 
combination therapy are still the most popular strate-
gies because of  fewer acute rejection events, the current 
meta-analysis indicates that calcineurin-inhibitors alone 
are effective, and have fewer adverse events after liver 
transplantation.
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Study Risk ratio 95%CI % weight

C.E. Bentez 0.76 (0.18, 3.29)   3.1

Olivier Boillot 0.89 (0.61, 1.29) 45.4

Nina Weiler 1.12 (0.83, 1.51) 28.5

C. Moencha 0.89 (0.58, 1.36) 23.0

Overall (95%CI) 0.95 (0.77, 1.18)

A

B Study Risk ratio 95%CI % weight

C.E. Bentez 0.76 (0.05, 11.27)   1.5

Olivier Boillot 0.44 (0.26, 0.76) 54.5

C. Moencha 0.75 (0.42, 1.35) 24.8

JAMES D. EASON 0.21 (0.06, 0.70) 19.1

Overall (95%CI) 0.48 (0.33, 0.70)

Study Risk ratio 95%CI % weight

C.E. Bentez 0.46 (0.13, 1.64)   4.5

Olivier Boillot 0.37 (0.23, 0.61) 42.3

Nina Weiler 0.57 (0.35, 0.90) 23.4

C. Moencha 0.57  (0.35, 0.90) 23.4

JAMES D. EASON 1.48 (0.65, 3.35)   6.4

Overall (95%CI) 0.54 (0.42, 0.69)

0.1                            1                            10

Risk ratio

C

Figure 3  Meta-analysis of andomized cohort studies comparing the effect of tacrolimus monotherapy. A: Drug-related hypertension. Heterogeneity was tested 
and was found to be not statistically significant (χ 2 = 4.21, P = 0.240); B: Cytomegalovirus infection. Heterogeneity was tested and was found to be not statistically 
significant (χ 2 = 1.44, P = 0.696). C: Drug-related diabetes mellitus. Heterogeneity was tested and was found to be not statistically significant (χ 2 = 8.10, P = 0.088).
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Strengths
The strengths of  our review include a focus on immuno-
supression strategy, the search strategy, duplicate study 
elimination, and data extraction, a comprehensive search 
methodology, inclusion of  randomized studies, the re-
porting of  inclusion and exclusion criteria, and detailed 
assessment of  the factors that influence the confidence 
in the results. In addition, we excluded case-control 
and cohort studies to guarantee the quality of  included 
articles. The study provides data on various immuno-
supressives (tacrolimus, cyclosporine and MMF), meta-
regression and drug-related adverse events that were not 

available from previous studies.

Limitations
There are limitations of  the study. The lack of  stan-
dardization of  immunosupression dosage is one of  
them. Even the meta-regression here suggested that the 
dosage had significant effects on heterogeneity about 
tacrolimus monotherapy on drug-related DM. The oral 
dosage was not completely consistent in all 14 articles. 
Dosages can vary in many ways, including drug discon-
tinuation because of  severe complications, changes in 
the immunosupression scheme because of  acute rejec-
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Study Risk ratio 95%CI % weight

Nina Weiler 1.90 (0.93, 3.89)   7.2

JAMES D. EASON 0.88 (0.63, 1.25) 28.2

D.N. Samonakis 0.82 (0.61, 1.09) 30.8

Carlos Margarit 0.91 (0.72, 1.14) 20.5

Pinelopi Manousou 0.54 (0.78, 3.04) 13.4

Overall (95%CI) 1.03 (0.86, 1.24)

0.1                            1                            10

Risk ratio

Figure 4  Meta-analysis of andomized cohort studies comparing the effect of tacrolimus monotherapy on hepatitis C virus recurrence. Heterogeneity was 
tested and was not statistically significant (χ 2 = 8.63, P = 0.071).

Study Risk ratio 95%CI % weight

LUCA S. BELLI 0.48 (0.09, 2.75) 32.5

L. De Carlis 0.59 (0.10, 3.39) 29.7

Chau TN 1.67 (0.50, 5.57) 28.0

F.Romani  0.90 (0.06, 13.77)   9.8

Overall (95%CI) 0.89 (0.40, 1.98)

0.1                     1                     10

Risk ratio

Study Risk ratio 95%CI % weight

LUCA S. BELLI 0.23 (0.07, 0.77) 42.7

L. De Carlis 0.22 (0.07, 0.74) 43.6

F.Romani 0.05 (0.10, 2.54) 13.7

Overall (95%CI) 0.26 (0.13, 0.56)

0.1                       1                       10

Risk ratio

A

B

Figure 5  Meta-analysis of randomized cohort studies comparing the effect of cyclosporine monotherapy. A: Graft rejection. Heterogeneity was tested and was 
found to be not statistically significant (χ 2 = 1.72, P = 0.632); B: Drug-related diabetes mellitus. Heterogeneity was tested and was found to be not statistically signifi-
cant (χ 2 = 1.72, P = 0.697).
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tion, and the compliance of  patients. The drug whole-
blood trough levels resulting from various dosages have 
effects on immunological rejection. Only a few studies 
explored dosage differences. Another limitation of  this 
study was the varying times for steroids withdrawal after 
liver transplantation. The inclusion of  various immu-
nosuppression combinations increased the risk for bias. 
For example, studies included tacrolimus monotherapy 
vs tacrolimus, cyclosporine, and azathioprine triple thera-
py instead of  tacrolimus monotherapy vs tacrolimus with 
steroid in one study[21]. In 5 articles, the immunosup-
pression scheme of  monotherapy group was tacrolimus 
or cyclosporine with ATG or other globulin[18,19,24-26]. 
Finally, there was publication bias as well, and some of  
the randomized studies included in our analysis were 
not well designed: small sample size, patient withdrawals 
and switching between control and monotherapy group 
because of  adverse events. The scarcity of  such trials 
necessitated the inclusion of  other types of  studies in 
our analysis. There were a limited number of  studies 
with long-term follow-up. We cannot deny the possibil-
ity of  bias introduced by the tendency of  subjects to 
dropout of  studies employing lengthy follow-up periods. 
It is possible that unsuccessful cases were less likely to 
remain in these studies.

Clinical implications
There are several reports about the relationship between 
recurrences and immunosuppression for liver transplan-
tation due to HCC[40-43]. They claim that the negative 
impact of  immunosuppression is limited. However, other 
reports suggest that intense treatment is a major risk fac-
tor for cancer recurrence, especially among renal trans-
plant patients[44,45]. Medical management of  transplant pa-
tients has consistently changed in the past few years be-
cause of  increased clinical experience. In particular, one 
of  the possible key factors in controlling the response 
to neoplasms, pharmacologic immunosuppression, is 
now handled with more confidence, aiming to reduce the 
administration schedule to the minimum in the shortest 
time possible.

In conclusion, the current meta-analysis found that 
tacrolimus and cyclosporine monotherapy may be as ef-
fective as the immunosuppression combination therapy 

after transplantation and effectively reduce immuno-
suppression-related complications. However, mycophe-
nolate mofetil monotherapy results failed to show an 
association between immusupression monotherapy and 
the graft survival rate, the patient long term survival 
rate. Some of  analysis on adverse events included only a 
few studies (less than 5). There were only two random-
ized studies on MMF monotherapy and graft rejection. 
More multi-center randomized controlled studies will be 
needed. It is critical to study the relationship between 
immusupression monotherapy and patient economic 
benefits. This review highlights the need for more data 
from longitudinal studies involving measurements of  pa-
tient costs for immusupression therapies. Further studies 
are required to improve our understanding of  the under-
lying mechanisms linking immune response to immuno-
suppression.
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Figure 6  Meta-analysis of randomized cohort studies comparing the effect of  mycophenolate mofetil monotherapy on acute rejection. Heterogeneity was 
tested and was found to be not statistically significant (χ 2 = 0.13, P = 0.77).
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