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Abstract
·AIM: To assess the effectiveness of immunosuppressants

in the prophylaxis of corneal allograft rejection after high-risk
keratoplasty and normal-risk keratoplasty.

·METHODS: We searched the Cochrane Central Register of

Controlled Trials (CENTRAL), MEDLINE, EMBASE, CNKI, VIP
and reference lists of articles. Date of most recent search: 18
June, 2011. All randomised controlled trials (RCTs) assessing
the use of immunosupressants in the prevention of graft
rejection, irrespective of publication language. Two authors
assessed trial quality and extracted data independently. Only
dichotomous outcomes (clear graft survival, ratio of immune
reactions and side effects) were available and were expressed
as relative risk (RR) and 95% confidence intervals (CI).

·RESULTS: Seven studies were included in this review. In

the comparing of mycophenolate mofetil (MMF) with placebo,
the results showed MMF could significantly reduce immune
reactions compared with placebo (RR 1.08 95% Cl 0.95 to
1.21), but no effect on clear graft survival (RR 1.11 95% Cl
0.90 to 1.35). In clear graft survival and immune reactions,
MMF and cyclosporine A (CsA) showed similar effect (RR 1.11
95% Cl 0.90 to 1.35, and RR 1.48, 95% Cl 0.56 to 3.93,
respectively). Tacrolimus (FK506) and steroid showed similar
effects on clear graft survival and immune reactions (RR
0.32, 95% CI 0.02 to 6.21, and RR 1.00, 95%CI 0.88 to 1.14,
respectively). No drug relative side effect has been found.

·CONCLUSION: MMF may reduce immune reactions in both

normal-risk and high-risk rejection of penetrating
keratoplasty. CsA and FK506 showed similar effects as MMF.
However, due to the lack of large clinical trials, the evidence
remain weak, the quality of evidences were rated as very low
to moderate. Large, properly randomised, placebo-controlled,

double masked trials are needed to evaluate the effect of
immunosuppressants.
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INTRODUCTION

P enetrating keratoplasty is the corneal transplantation
procedure in which a full-thickness cornea from the

host is replaced by a graft from a donor. It has been
performed in many eye diseases including pseudophakic
corneal edema, keratoconus, aphakic corneal edema, and
stromal corneal dystrophies [1-3]. Penetrating keratoplasty
remains the most common tissue transplant procedure, the
reported number of corneal transplants performed increased
by 2.3% in 2009, from 41 652 to 42 606 cases in the United
States [4]. Survival of first-time grafts is 90% at five years
and 82% at 10 years with reported allograft rejection rates
following penetrating keratoplasty ranging from 5% to 18% [5].
Initial regrafts have significantly lower five-year and 10-year
survival rates, 53% and 41%, respectively [6]. Besides, the
survival of transplants depends upon the condition of the
recipient corneal bed. In high-risk corneal recipients, such
as those with inflamed or vascularized recipient beds and
large-diameter or eccentric transplants, the immune
privileges of the corneas are broken. In these cases, the
survival rates of transplants fall lower than normal people,
even with immune-suppression therapy.
The eye has properties that permit the long-term survival of
tissue grafts that are normally rejected at extraocular sites.
This ocular immune privilege was originally attributed to a
putative sequestration of antigens in the eye as a result of
the conspicuous absence of intraocular lymphatic drainage
channels[7]. However, a recent multivariate analysis suggests
no difference between the long-term outcomes of corneal
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transplantation and other forms of transplantation [8]. The
anterior segment of the eye is still regarded as an
immune-privileged site because of the absence of vascular
and lymphatic supply to the cornea. Cell-mediated immunity
in corneal allograft rejection can result from the activation
of limbal Langerhans cells and from T-cells activation by
antigens released in the aqueous humor of the anterior
chamber [9]. Nevertheless, the immunology of corneal
transplantation is not fully understood [10-12]. Furthermore,
corneal graft rejection remains the most common cause of
graft failure in the late postoperative period and prophylaxis
for allograft rejection is needed[13].
A variety of strategies to prevent corneal allograft rejection
have been explored. Strategies include the use of several
immunosuppressants through various delivery systems;
human leukocyte antigens (HLA) matching and manipulation
of antigen expression. Immunosuppressants include steroids,
cyclosporine A (CsA), tacrolimus, mycophenolate mofetil
(MMF), sirolimus and leflunomide. Topical and oral
steroids are currently the gold standard for routine use in the
prevention of graft rejection [5,14,15] and the use of topical
cyclosporine for routine management of high-risk grafts is
increasing [15]. CsA is a fungal protein that has a high degree
of specificity for T-cell lymphocytes and as a calcineurin
inhibitor prevents T-cell-mediated immune responses.
Systemic CsA is believed to significantly increase the rate of
graft survival in high-risk corneal transplantation when used
prophylactically following transplantation. But this therapy
also carries significant risks including hypertension, renal
toxicity, hepatotoxicity, neurotoxicity[16,17] and posttransplant
lymphoproliferative disorders [18]. Although evidence is
increasing on the effectiveness of topically administered
CsA in the prevention of graft rejection [19], studies have yielded
inconsistent results. For example, some investigators found
that a combination use of topical CsA and steroids is better
than steroids alone in preventing episodes of rejection [20-22].
However, other authors found topical CsA did not
demonstrate any significant improvement in preventing
corneal graft rejection[23,24].
Tacrolimus (FK 506) has been shown to be effective for
preventing corneal allograft rejection [25, 26] but uses a lower
dose[27]. Systematic adverse effects such as hypertension and
renal toxicity may be encountered with oral tacrolimus [26].
Mycophenolate mofetil (MMF) is thought to be a safe and
effective immunosuppressive agent following renal
transplantation due to less nephrotoxicity[28,29]. Mycophenolate
mofetil has been shown to be as effective as CsA in
preventing acute rejection following high risk corneal
transplantation [25,30], but inferior to systemic tacrolimus in
preventing graft rejection [27]. Rapamycin is a bacterial

macrolide with both antifungal and immunosuppressive
properties. It is commonly used in conjunction with CsA or
tacrolimus after solid-organ transplantation [28].
Totally, immunosuppressants are widely used for the
prophylaxis of corneal graft rejection after high-risk
keratoplasty and normal-risk keratoplasty. However, the
benefits and adverse reactions from their use have not yet
been systematically reviewed. Our primary objective was to
assess the effectiveness of immunosuppressants in the
prophylaxis of corneal allograft rejection after high-risk and
normal-risk keratoplasty.
MATERIALS AND METHODS
We searched the Cochrane Central Register of Controlled
Trials (CENTRAL) (which contains the Cochrane Eyes and
Vision Group Trials Register) (The Cochrane Library),
MEDLINE, EMBASE, VIP and China National Knowledge
Infrastructure (CNKI). We also searched the WHO
International Clinical Trials Registry Platform (WHO
ICTRP) Search Portal which included Austrlian New
Zealand Clinical Trials Registry, ClinicalTrials.gov, Current
Controlled Trials records. There were no date or language
restrictions in the electronic search for trials. Non-English
language papers will be translated so that they can be fully
assessed for inclusion in the review. All databases are
searched till 18 June, 2011.
We also searched the ISI Citation Index database, Science
and Social Science Citation Index/Web of Science Services
to find studies that had cited the identified trials. We were
unable to contact the primary investigators of identified
trials for details of additional trials and companies or
pharmaceutical firms that produce immunosuppressants used
for unpublished data they may possess.
Materials We scanned the titles, abstracts, and keywords of
every record retrieved to find any study that met our
inclusion criteria. Full articles were retrieved for further
assessment if the information given suggested that the
studies:1) included participants after penetrating
keratoplasty; 2) compared immunosuppressants such as
CsA, tacrolimus and MMF with corticosteroids only; 3)
assessed one or more relevant clinical outcome measures; 4)
used random allocation for the comparison groups. Where
randomisation was used, we were unable to contact the trial
authors for confirmation of this. We analyzed the data using
Review Manager 5.0. descriptively as different interventions
were used in the included studies and used subgroup
analyses based on different immunosuppressants and control
interventions. We have used 95% confidence intervals
throughout. The numbers of dropouts and lost-to-follow-up
for each study were summarized, if available, using
intention-to-treat analysis. We performed subgroup analyses
in the descriptive form.

Effects of immunosuppressants after penetrating keratoplasty
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Methods We included randomised controlled trials (RCT)
only. We included patients undergoing high-risk and
normal-risk keratoplasty and evaluated them as two separate
groups. We included trials in which immunosuppressants
such as CsA, tacrolimus, rapamycin and MMF were compared
to placebo, corticosteroids or other immunosuppressants.
Most outcomes were measured during a one-year, a two-
year, a five-year and a 10-year follow-up if it was possible.
For those studies where the aforementioned follow-up was
not available even after correspondence with the principal
investigator, we included the nearest point in time available
in the general and subgroup analyses. The primary outcome
if the proportion of graft survival at 12 months after
penetrating keratoplasty; secondary outcomes are as follows:
1) incidence of graft rejection at 12 months (Rejection is
defined as any immune reaction requiring a change in
therapy, involves both epithelial rejection and endothelial
rejection); 2) Best-correlated visual acuity; 3) Quality of life
(QoL). The instrument of assessment for QoL should be
evaluated by an international 'minimum standard checklist'
and should be participant based[31-34]; 4) Cost-effect analysis.
This includes the cost of the drugs and other palliative
medications; the need for bedrest or hospitalisation versus
outpatient care; the length of hospital stay.

Besides, we evaluated the Side effects: The incidence of
epithelial keratitis; The incidence of high intraocular
pressure; Major calcineurin-inhibitor toxicity (for example
new-onset diabetes or renal failure); Minor calcineurin-
inhibitor toxicity (for example tremor, gingivitis or
hirsutism); Dose reductions due to adverse events;
Withdrawals and dropouts.
RESULTS
A total of 6249 hits are yield by the search strategy. After
screening the title and abstracts, 40 trials were retrieved. Of
them, only seven studies measure up to the inclusion
criteria [ 35-41]. Four studies were found in the clinicalTrial.
gov, all of them were completed for enrolment of
participants, but the study report has not been searched out
in the databases. The other studies were excluded due to
they are not actually RCT.
MMF placebo Although there was no significant
difference in clear graft survival between the two groups in
pooled analysis of two studies (RR 1.08 95% Cl 0.95 to
1.21) (see Table 1), MMF could significantly reduce
immune reactions compared with placebo (RR 0.36 95% Cl
0.18 to 0.72, Table 2) in the combined analysis of these two
studies in both normal-risk and high-risk of graft rejection
patients.

Table 1 Clear graft survival
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MMF CsA There was no significant difference in clear
graft survival (RR 1.11 95% Cl 0.90 to 1.35, Table 1) and
immune reactions (RR 1.48 95% Cl 0.56 to 3.93)(Table 2)
between the two groups in one study [37]. These results
suggest that MMF and CsA have similar effect on clear
graft survival and immune reactions in the high-risk of
rejection patients.
One study [38] reported adverse events such as hepatotoxicity,
arterial hypertension, gingiva problems, neurovegetative
disorders, Hodgkin' s lymphoma, recurrence of acoustic
neurinoma, exacerbation of atopic dermatitis and there were
no significant differences between the two arms.
FK 506 steroid Reinhard [39] involving 32 patients
reported data on clear graft survival and immune reactions.
There was no significant difference in clear graft survival
and immune reactions between the two groups (RR 0.32,
95% CI 0.02 to 6.21, and RR 1.00, 95% CI 0.88 to 1.14)
(Table 1, 2). This study reported adverse events such as
superficial punctate keratitis, injection of the conjunctiva,
burning sensation, superficial opacification, erosion and
there were no significant differences between the two arms
(Table 3).
None of studies reported best-corrected visual acuity, quality
of life, major and minor calcineurin-inhibitor toxicity,

cost-effect analysis and the incidence of high intraocular
pressure.
CsA place One study [40] reported there was no
statistically significant difference in incidence of graft
rejection between the study and the control group: seven
participants experinced one graft rejection episodes in the
study group; one episode of graft rejection and one
participant had two episodes of graft rejection in the control
group. The mean duration after which the participants
developed graft rejection after keratophlasty (rejection-free
period) was 7.92 依1.45 months in study group and 6.50 依
2.72 months in control group ( =0.20). The mean duration
of reversal of rejection episode in the study group was
12.33依2.94 days and 13.5依3.10 days in the control group
( =0.56). The rejection-free time period in the eyes that had
rejection was more in the study group; however, the
difference was not statistically significant. These results
suggested that topical cyclosporine A 2% eye drops do not
prevent occurrence of graft rejection in high-risk
keratoplasty.
Six participants showed complete reversal of rejection in the
study group, four in the control group ( =0.03). The reversal
of rejection episode was seen in significantly greater number
of eyes in the study group ( =0.03). These results suggest

Table 2 Immune reactions

Effects of immunosuppressants after penetrating keratoplasty
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that the eyes receiving topical cyclosporine stand a better
chance of reversal of the episode of graft rejection.
The mean keratometric astigmatism in the clear grafts at the
end of 1 year was 3.69依1.37 diopters (D) in the study group
and 4.53依1.88 D in the control group ( =0.06). The mean

specular count was 1,365.33依471.63 in the study group and
1,151.18依293.31 in the control group at the end of year
( =0.06). Average corneal thickness was significantly
higher in the control group than study group at the end of 1
year ( =0.008).

Table 3 Side effects
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Visual acuity at 1 month after keratophlasty was 0.20依0.17
in the study group and 0.09依0.13 in the control group ( =
0.003). At the end of 1 year 0.31依0.18 in study group and
0.24依0.17 in control group, =0.14.
The authors of study Sinha 2010 recommended that
polyvinyl alcohol is an ideal vehicle because there was no
any adverse effects observed in the study.Study Javadi 2010
reported episodes of graft rejection 2.7 (1.8, range 0-5) in
group 1, 1.4 (1.2, range 0-4) in group 2, =0.03. Of these,
1.7(1.4, range 0-4) episodes occurred while the participants
of group 1 were receiving topical CsA, and 1.0 (0.9, range
0-3) episodes recurred in group 2 during the corresponding
period of receiving placebo, =0.14.
Rejection-free graft survival rate 34.8% in group 1, 31.7 in
group 2 at 20 months ( =0.89). The mean length of
rejection-free graft survival was 10.5 (0.5) months in group
1 and 14.2 (2.7) months in group 2 with a median of 8
months in both groups. For the episode of graft rejection in
which topical CsA or placebo was started, the participants
in groups 1 and 2 received 0.1% betamethasone eyedrop for
50.6 (10.6) (range 31-68) days and 60.3 (21.1) (range 36-
124) days, respectively ( =0.08). The episode took 25.6
(21.0) days in group 1 and 33.2 (16.7) days in group 2 to
completely resolve ( =0.22, Table 1, 2).
Study [41] reported an obvious reduction of reject events in 6
months in CsA group than placebo group (7/120 versus
17/120, =0.025), and the the incidence of adverse events
was similar in the CsA and placebo groups.
Pooled analysis of two studies [40,45] for clear graft survival
showed there is no benefit by using CsA (112/120 in CsA
group, 107/120 in placebo group, RR 1.03, 95%CI 0.96 to
1.10, =0.25, Table 1).
DISCUSSION
Immunosuppressants have the function of preventing
corneal graft rejection is based on inhibiting the immunity
of the host. The targets of different drugs acted on are some
different. The mechanism of CsA prophylaxis of corneal
graft rejection is mainly by selectively inhibit cellular
immunity, primarily inhibits the proliferation and action of
T cells [42]. MMF prevents the replication of T- and
B-lymphocytes by inhibiting the de novo pathway of purine
synthesis [43]. FK 506, also a calcineurin inhibitor, is a
macrolide antibiotic with potent immunosuppressive
activity [44]. Steroids have anti-proliferative function [45].
Based on the seven small RCTs, MMF may have an effect
on reducing immune reactions. MMF has a similar effect on
clear graft survival as CsA. There was no difference
between FK506 and steroid. However, the following factors

may affect the results. The review included studies
conducted in four countries include China, Germany, Iran
and India. Four studies [36,38,40,41] were well designed,
conducted and reported. Although, there were some
methodology shortcomings in other three studies [35,37,39], of
them, ineligible method was used to allocated the
participants in study [35,37,39] did not give information of
randomisation procedure in detail, and totally, the sample
size were not big enough, but the limited evidence from
these studies could be used to estimate the effect size of rate
of clear graft survival and immune reactions in normal risk
and high risk of rejection patients who need to accept
corneal penetrating keratoplasty in clinical practice.
Totally, the quality of evidence from included studies are
rated from very low to moderate. The likely publication bias
due to only one or two studies included in a outcome
measure and limitations on study design resulted downgrade
one level, respectively.
Four studies [36,38,40,41] were of higher methodological quality.
In these three studies, eligible randomisation procedure and
allocation concealment were performed. In one study [41],
intention-to-treat was used to calculate the effects. Other
three studies were rated as poor methodological quality.
Non of them provided information about randomisation
procedure, allocation concealment and masking. None of
these studies used 'intention-to-treat analysis' to test the
robustness of the results. There were some participants who
did not complete the study according to the protocol in all
three studies and the duration of follow up for every
participant was not the same. All the factors mentioned
above could lead to selection bias, performance bias, or
detection or incomplete data bias. This could result in false
positive findings. Javadi [36] reported the calculation of
the sample size, others did not, so whether the sample size
was sufficient or not is unknown. Three trials [37-39] failed to
report the information on interventions adequately. Dosage
and duration of therapy should be considered when
evaluating the effectiveness of immunosuppressants, but we
cannot do this due to the limited number of included trials.
The outcomes observed in the included trials are few that
we are unable to say whether immunosupressants have an
effect on other indexes that evaluate penetrating
keratoplasty, which contributes to the difficulty in analysing
the effect of immunosuppressants thoroughly. There were so
few trials identified and participants involved that we cannot
analyse many confounding variables, such as indications for
surgery, age, length of follow-up, route of administration,
dosage etc. Our searches were limited to English and

Effects of immunosuppressants after penetrating keratoplasty
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Chinese databases which could result in selection bias and
language bias. It is impossible for us to investigate
publication bias using a funnel plot in this review because of
the insufficient number of trials. Topical MMF had been
found is ineffective for prophylaxis of corneal graft rejection
in an experimental keratoplasty model [46], but we have not
find other review related to this topic.
The results suggest that MMF on the basis of fluocortolone
may reduce immune reactions in penetrating high-risk
keratoplasty, the effectiveness and safety of MMF, CsA,
topical FK506 and steroid are the same. Due to the small
number of RCTs and participants, there is insufficient
evidence currently to ascertain which immunosuppressant is
better for penetrating keratoplasty. Large,properly randomised,
placebo-controlled and double masked trials are needed to
evaluate the effectiveness of immunosuppressants. The
following factors should be taken into account in future
studies: sample size should be calculated before the start of
the study; report the procedure of randomisation and the
allocation concealment; apply masking and describe it in
detail; describe the baseline of participants in detail;
describe the manufacturer, composition, dosage and course
of treatment of the drugs; describe the standard of outcomes
and the time to measure them in detail; intention-to-treat
analysis should be applied to analyse the outcomes when
there are missing participants due to drop-out or loss of
follow-up.
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