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Introduction

Summary

mTOR inhibitors have been associated with wound complications and lympho-
celes. We systematically reviewed randomized controlled trials (RCTs) to com-
pare these outcomes for solid organ transplant recipients. Relevant medical
databases were searched to identify RCTs in solid organ transplantation com-
paring mTOR inhibitors with an alternative therapy reporting on wound com-
plications and/or lymphoceles. Methodological quality of RCTs was assessed.
Pooled analyses were performed to calculate odds ratios (OR) and 95% confi-
dence intervals (CI). Thirty-seven RCTs in kidney, heart, simultaneous pan-
creas-kidney and liver transplantation were included. Pooled analyses showed a
higher incidence of wound complications (OR 1.77, CI 1.31-2.37) and lympho-
celes (OR 2.07, CI 1.62-2.65) for kidney transplant recipients on mTOR inhibi-
tors together with calcineurin inhibitors (CNIs). There was also a higher
incidence of wound complications (OR 3.00, CI 1.61-5.59) and lymphoceles
(OR 2.13, CI 1.57-2.90) for kidney transplant recipients on mTOR inhibitors
together with antimetabolites. Heart transplant patients receiving mTOR inhib-
itors together with CNIs also reported more wound complications (OR 1.82,
CI 1.15-2.87). We found a higher incidence of wound complications and lym-
phoceles after kidney transplantation and a higher incidence of wound compli-
cations after heart transplantation for immunosuppressive regimens that
included mTOR inhibitors from the time of transplantation.

[2—4]. This antiproliferative effect on fibroblasts in the
healing wound is likely to be the explanation for compli-

The introduction of calcineurin inhibitors (CNIs) has sig-
nificantly improved the outcome of solid organ transplan-
tation. However, CNIs have been associated with
nephrotoxicity and other side-effects [1]. One alternative
to CNIs is a new class of immunosuppressants, sirolimus
(SRL) and everolimus (EVL) that inhibit the mammalian
target of rapamycin (mTOR inhibitors). Quite early after
the introduction of mTOR inhibitors into immunosup-
pressive regimens, it became apparent that the antiprolif-
erative actions of mTOR inhibitors might have an effect
on healing as evident by poor wound healing and the
occurrence of lymphoceles after renal transplantation

cations of healing [5]. In particular, tracheal dehiscence
was noted after lung transplantation [6].

In 2006, a Cochrane review by Webster et al. [7] evalu-
ated the efficacy and safety of mTOR inhibitors for kid-
ney transplant recipients in the immediate post-transplant
period. The authors found that patients treated with
mTOR inhibitors showed an increased risk of developing
lymphoceles when compared with patients treated with
CNIs or antimetabolites. They did not find an increased
risk for developing wound complications nor did they
find a difference when comparing lower versus higher
dose mTOR inhibitors or when comparing lower dose
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mTOR inhibitors plus standard CNIs versus higher dose
mTOR inhibitors plus lower dose CNIs. Their literature
search was done up to July 2005 and since then some of
the included conference abstracts have been published as
full articles and a number of additional, large RCTs have
been published that report on wound complications or
lymphoceles.

Therefore, the primary aim of the study was to evaluate
the occurrence of wound complications and lymphoceles
in solid organ transplant recipients receiving mTOR
inhibitors from the time of transplantation compared
with patients not receiving mTOR inhibitors. We tested
the null hypothesis that wound complications and lym-
phoceles do not occur more commonly in patients receiv-
ing mTOR inhibitors than in patients who do not receive
mTOR inhibitors.

As it has been suggested that steroid avoidance may
reduce the negative impact of mTOR inhibitors on
wound healing and lymphocele formation, a secondary
analysis was planned to review the effects of mTOR
inhibitors plus steroids versus mTOR inhibitors without
steroids on these outcomes [8,9].

Methods

Inclusion criteria

For the primary analysis, eligible studies included ran-
domized controlled trials (RCTs) in solid organ trans-
plantation that compared mTOR inhibitors given from
the time of transplantation with at least one alternative
non-mTOR inhibitor intervention arm. For the secondary
analysis, we included RCTs with mTOR inhibitors in both
arms and at least one steroid arm and one steroid-free
arm. Studies had to report on wound complications or
lymphoceles. Wound complications included (superficial
or deep) wound infection, (superficial) wound dehiscence,
fascial dehiscence, wound debridement, delayed/slow
wound healing, abnormal wound healing, partial wound
healing, haematoma, seroma, inflammation,
increased wound drainage, wound haemorrhage, wound
secretion or incisional hernia. Studies only reporting on
peripheral oedema, fluid overload and oedema were

wound

excluded.

Identification of studies

Full reports of RCTs were identified through searches of
the Transplant Library, Medline, Embase and the Cochra-
ne Central Register of Controlled Trials up to 24 March
2011 without language restrictions. Search terms in Med-
line and Cochrane included all MeSH terms for solid
organ transplantation and other generic transplantation
MeSH terms. The Cochrane highly sensitive search strat-
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egy was used to identify RCTs in Medline. Other specific
search terms included sirolimus, rapamycin, rapamune,
everolimus, ay 22-989, SDZ RAD and Certican. When
there was more than one report of the same trial, all
reports that reported on wound complications or lym-
phoceles were included in the review. The reference lists
of identified RCTs or reviews were inspected for addi-
tional references. Conference abstracts were not included.

Data extractions and methodological quality

The following data were extracted from eligible articles
by one reviewer: type of organ, intervention arms, induc-
tion therapy, mTOR inhibitor dose, steroid dose, number
of participants, follow-up period, description and inci-
dence of wound complications and/or lymphoceles.
Methodological quality was assessed independently by
two reviewers using both the Jadad score and the items
allocation concealment and intention to treat [10,11].
The Jadad score addresses the items randomization,
blinding and description of withdrawals and dropouts.
The total Jadad score ranges from 0 to 5 with RCTs scor-
ing at least 3 of 5 being considered to be consistent with
sound methodological quality. However, also the use of
allocation concealment and intention to treat were part
of the overall assessment of quality. Intention to treat
was defined as an analysis including all randomized par-
ticipants, that was based on the groups to which partici-
pants were originally randomly assigned regardless of
whether they satisfied the entry criteria, the treatment
actually received and subsequent withdrawal or deviation
from the protocol.

Analysis

The RCTs were analysed according to organ and con-
comitant therapy, i.e. mTOR inhibitors together with
CNIs or antimetabolites. If there was more than one
RCT with similar interventions, a meta-analysis was per-
formed for the incidence of wound complications or
lymphoceles. Data were extracted by two reviewers using
a spreadsheet. Review Manager (RevMan) [Computer
program] version 5.1.1 (Copenhagen: The Nordic Coch-
rane Centre, The Cochrane Collaboration, 2011) was
used to pool the incidence of wound complications or
lymphoceles among studies. We pooled all data irrespec-
tive of the length of follow-up, as most complications
would develop within the first few months after trans-
plantation. A subgroup analysis was also performed for
studies considered to be of good methodological quality,
i.e. studies that used adequate allocation concealment or
scored at least 3 points on the Jadad scale. The Mantel—
Haenszel random effects model was used to calculate
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odds ratios (OR). For trials with more than two arms,
the incidences of wound complications or lymphoceles
for the mTOR inhibitor or control arms were grouped
and compared collectively with the comparator. If there
were no events in both arms, the RCT was excluded
from the quantitative analysis. Statistical heterogeneity
was tested using the I” statistic. A secondary analysis was
performed to assess whether complications occur more
commonly in patients receiving concomitant steroids
compared with no steroids. To assess possible publication
bias, funnel plots were created for comparisons that

Pengel et al.

Results

Included studies

The literature search identified a total of 518 unique ref-
erences of which 37 RCTs met the inclusion criteria for
the qualitative analysis (Fig. 1). One study was omitted
from the quantitative primary and secondary analyses, as
it was reported that no events occurred in either study
arms [13]. Thirty-one RCTs evaluated sirolimus whereas
six RCTs evaluated everolimus. For the primary quanti-
tative analysis, a total of 28 RCTs were published on

included at least 10 trials [12]. kidney transplantation reporting on 8916 patients
Database searches
References retrieved Medline: n = 295
n=1258 EMBASE: n = 454
Central: n =252
Transplant Library: n = 257
Duplicates
n =740
Unique
references for
review
n=518 Excluded: n =482
Main reasons for exclusion were:

« no non-mTOR inhibitor arm

« not reporting wound complications or
lymphoceles

« late introduction of mTOR inhibitors

Studies included in
qualitative synthesis

n=37
Excluded
n =1 (kidney)
Studies included in
quantitative synthesis
(meta-analysis)
n=36
Primary analysis: Secondary analysis:
mTOR-I vs alternative steroids vs no steroids
n=34 All receiving mTOR-I
| n=2
Kidney Heart SPK Liver Kidney
n=28 n=4 n=1 n=1 n=2

Figure 1 Flowchart of the selection of articles. SPK, simultaneous pancreas-kidney; mTOR-I, mTOR inhibitors.
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(Tables 1 and 2, Table SI1), [13-43] four RCTs were
published on heart transplantation reporting on 1289
patients (Table S2), [44-47] one RCT [48] was pub-
lished on liver transplantation reporting on 78 patients
(Table S3) and one RCT [49] was published on simulta-
neous kidney and pancreas transplantation reporting on
123 patients (Table S4). In kidney transplantation, 14
RCTs evaluated mTOR inhibitors together with CNIs, 13
RCTs evaluated mTOR inhibitors together with antime-
tabolites and 1 RCT evaluated an mTOR inhibitor
together with belatacept. For all RCTs in heart trans-
plantation, mTOR inhibitors were given together with
CNIs. For the secondary quantitative analysis, i.e. evalua-
tion of the possible impact of mTOR inhibitors com-
bined with steroids versus no steroids, two RCTs on
kidney transplantation were identified (Table S5)
[50,51]. Most trials on kidney transplantation reported
on both wound complications and lymphoceles (Table
S6).

Methodological quality

For the primary analysis, nearly half of all RCTs (46%)
were considered to be of good methodological quality
according to the Jadad scale. Of the 35 RCTs, 14 trials
described an appropriate method to generate the ran-
domization sequence. Five trials were double-blinded,
four of which adequately described the method of dou-
ble-blinding. An adequate description of withdrawals and
dropouts was given for 31 of 35 trials. More than half
of all RCTs (63%) used intention to treat to analyse
data and about one-third (37%) of trials adequately
described allocation concealment. For the secondary
analysis, the Jadad score of the two trials was inade-
quate. Only Montagnino et al. [50] adequately described
allocation concealment and analysed the data according
to intention to treat.

Wound complications and lymphoceles

Kidney transplantation

Pooled analyses showed that kidney transplant patients
receiving mTOR inhibitors together with CNIs reported
more wound complications (12 trials, n = 4787; OR 1.77,
95% confidence interval (CI) 1.31-2.37) and more lym-
phoceles (11 trials, n = 5370; OR 2.07, CI 1.62-2.65) than
patients not receiving mTOR inhibitors (Figs 2 and 3).
The heterogeneity was minimal (I* = 0% for both analy-
ses). A subgroup analysis of RCTs considered to be of
good methodological quality also showed a higher inci-
dence of wound complications and lymphoceles for
patients on mTOR inhibitors (Table S7). The funnel plot
for both analyses showed asymmetry suggesting that
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smaller studies with and without significant effects could
have remained unpublished.

Kidney transplant patients receiving mTOR inhibitors
together with antimetabolites reported more wound com-
plications (13 trials, n = 2757; OR 3.00, CI 1.61-5.59)
and lymphoceles (8 trials, n = 2372; OR 2.13, CI 1.57-
2.90) than patients not receiving mTOR inhibitors (Figs 3
and 4 & Figure S1). The heterogeneity for the incidence
of wound complications was substantial (I* = 59%) but
not for the incidence of lymphoceles (I = 0%). The sub-
group analysis of RCTs considered to be of good method-
ological quality also showed a higher incidence of wound
complications for patients on mTOR inhibitors (Table
S7). The substantial heterogeneity of 60% was thereby
reduced to 0% in the subgroup analysis indicating that
heterogeneity could have been due to differences in meth-
odological quality. The subgroup analysis for the inci-
dence of lymphoceles found a higher incidence for
patients on mTOR inhibitors when the Jadad score was at
least 3, however, this was not found for studies using
concealed allocation. The funnel plot for the analysis of
wound complications showed asymmetry suggesting that
small studies without significant effects could have
remained unpublished.

For both the analyses, i.e. mTORs together with either
CNIs or antimetabolites, there was no increase or
decrease of the incidence of wound complications or lym-
phoceles over time.

One RCT evaluated wound complications and lympho-
celes in 89 kidney transplant recipients comparing mTOR
inhibitors together with belatacept versus belatacept and
MMF versus tacrolimus and MMF [43]. There were no
cases of wound dehiscence in the mTOR group versus
three cases of wound dehiscence in the non-mTOR
groups and one case of lymphoceles in the mTOR group
versus one case of lymphoceles in the non-mTOR groups.

Heart transplantation

Heart transplant patients receiving mTOR inhibitors
together with CNIs reported more wound complications
(four trials, n =1278; OR 1.82, CI 1.15-2.87) than
patients not receiving mTOR inhibitors (Supplemental
Figure S2) [44-46]. Heterogeneity was minimal
(I = 5%).

Liver transplantation

One RCT evaluated wound complications in 78 liver
transplantation receiving either everolimus with early CsA
withdrawal versus standard CsA and MMF [48]. Forty-six
per cent of patients in the everolimus arm versus 27% of
patients in the CsA arm experienced incisional hernias
(P = 0.16) and 21% versus 31% experienced biliary com-
plications (P = 0.51).
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SPK transplantation

One trial evaluated wound complications in 123 SPK
transplant patients receiving sirolimus together with ta-
crolimus versus MMF together with tacrolimus [49].
Impaired wound healing occurred in 13 patients of the si-
rolimus group versus 10 patients in the MMF group.
There were four cases of lymphoceles in the sirolimus
group versus three cases of lymphoceles in the MMF

group.

TT
Yes

Methodological
Quality

Jadad

(0-5) AC

3 Yes

complications

Subgroup analysis: Steroid avoidance

Sandrini et al. [51] compared early steroid withdrawal at
day 5 with late steroid withdrawal at month 6. Montagni-
no et al. [50] compared early steroid withdrawal at day 7
with continued low dose steroid use. Sandrini et al. found
a higher incidence of wound healing complications in the
late steroid withdrawal group compared with the early
steroid withdrawal group (21% vs. 4%, P = 0.02). A
pooled analysis of the two RCTs for the incidence of lym-
phoceles showed that patients in the early steroid with-
drawal groups experienced less lymphoceles compared
with the late steroid withdrawal and continued low dose
steroid groups (n = 229; OR 0.19, CI 0.04-0.88). Hetero-
geneity was minimal (I* = 0%).

Outcomes
Wound

Study period
12 months

1. 200 mg/day. Tapered
to 30 mg/day by day 7
and 10 mg/day by

Day 0: 500 mg. From day
month 6

Pred maintenance dose

Discussion

Meta-analysis of the available data showed a higher inci-
dence of wound complications and lymphoceles after kid-
ney transplantation and a higher incidence of wound
complications after heart transplantation for immunosup-
pressive regimens that included mTOR inhibitors versus
regimens that did not include mTOR inhibitors from the
time of transplantation.

Wound complications and lymphoceles typically appear
within the first few months after transplantation and thus,
mTOR inhibitors should be avoided from the time of
transplantation for probably 3 months to prevent such
problems. However, one RCT comparing immediate
introduction of everolimus with delayed introduction
after 4 weeks in kidney transplantation found no differ-
ences in wound healing complications at 3 months or
12 months [52,53]. A number of RCTs have evaluated the
late conversion to sirolimus at 3 months post-transplant
but none of these studies report on the occurrence of
wound complications or lymphoceles possibly because
these problems are unlikely to occur after such time per-
iod [54-56].

As a result of its anti-inflammatory effect, steroid use
can lead to poor wound healing [57]. This systematic
review identified one RCT that showed a higher
incidence of poor wound healing for late steroid
withdrawal compared with early steroid withdrawal in

months 0-2; 15 ng/ml

day. Adjusted to reach
thereafter

Started at 8-12 mg/m?%/
30 ng/ml during

Maintenance

16-24 mg/m?/day

mTOR-I dose
Loading

Induction
None

I. SRL, AZA, pred
Il CsA, AZA, pred

Comparison (n)

n
83

ATG, antithymocyte globulin; MMF, mycophenolate mofetil; SLR, sirolimus; AZA, azathioprine; Tac, tacrolimus; Pred, prednisolone; AC, allocation concealment; ITT, intention to treat.

Table 2. continued

Reference
Groth [25]
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mTOR-I Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anil Kumar (2005) 2 75 3 75 26% 0.66 [0.11, 4.05] I
Anil Kumar (2008) 6 100 5 100 5.9% 1.21[0.36, 4.11] I
Ciancio (2004) 5 100 2 50 3.1% 1.26 [0.24, 6.75] I
Kahan (1999) 32 124 3 25 5.4% 2.55[0.72,9.10] T
Kahan (2000) 41 550 8 159 14.4% 1.52[0.70, 3.31] T
Kandaswamy (2005) 33 154 7 85 11.7% 3.04 [1.28,7.21] —_—
MacDonald (2001) 47 446 11 130 18.5% 1.27 [0.64, 2.53] I
Machado (2004) 20 35 8 35 8.2% 4.50 [1.60, 12.66] -
Sampaio (2008) 7 50 3 50 4.4% 2.55[0.62, 10.49] -,
Tedesco Silva (2010) 29 556 7 277 12.4% 2.12[0.92,4.91] T
Van Gurp (2010) 4 318 1 316 1.8% 4.011[0.45, 36.10] 7
Vitko (2006) 15 650 8 327 11.6% 0.94 [0.40, 2.25] T
Total (95% Cl) 3158 1629 100.0% 1.77 [1.31, 2.37] *
Total events 241 66
Heterogeneity: 12 = 0.00; %2 = 10.65, df = 11 (P = 0.47); 2= 0% o 5005 051 150 260

Test for overall effect: Z = 3.7 (P = 0.0002) Higher incidence control  Higher incidence mTOR-|

Figure 2 Forest plot indicating the odds ratio of the occurrence of wound complications in kidney transplant recipients on mTOR inhibitors plus
calcineurin inhibitors.

mTOR-I Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Anil Kumar (2005) 2 75 1 75 1.0% 2.03[0.18, 22.85]
Ciancio (2004) 15 100 3 50 3.7% 2.76[0.76, 10.04] ]
Kahan (2000) 74 550 5 159 71% 4.79[1.90, 12.06] I
Lorber (2005) 67 387 24 196 24.2% 1.50[0.91, 2.48] T
MacDonald (2001) 57 446 7 130 93% 2.57[1.14,5.79] e
Machado (2004) 4 35 1 35 1.2% 4.39[0.46, 41.40]
Sampaio (2008) 4 50 1 50 1.2% 4.26 [0.46, 39.54]
Tedesco Silva (2010) 49 556 14 277 16.2% 1.82[0.98, 3.35] —
Van Gurp (2010) 21 318 11 316 10.9% 1.96 [0.93, 4.14] T
Vitko (2005) 41 392 8 196 10.1% 2.75[1.26, 5.98] -
Vitko (2006) 42 650 13 327 15.0% 1.67[0.88, 3.15] T
Total (95% Cl) 3559 1811 100.0% 2.07 [1.62, 2.65] <
Total events 376 88

Heterogeneity: 2= 0.00; %2 = 7.31, df = 10 (P = 0.70); I?= 0% t t } }
Test for overall effect: Z = 5.77 (P < 0.00001) 005 0.2 5 20

Higher incidence control  Higher incidence mTOR-|

Figure 3 Forest plot indicating the odds ratio of the occurrence of lymphoceles in kidney transplant recipients on mTOR inhibitors plus calcineurin
inhibitors.

mTOR-I Control Odds ratio Odds ratio
Study or subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Barsoum (2007) 14 76 3 37 9.5% 2.56[0.69, 9.53] T
Buchler (2007) 5 71 0 74 3.6% 12.32[0.67, 227.10] 7
Dean (2004) 30 64 2 59  8.5% 25.15[5.65, 111.92] e
Durrbach (2008) 3 33 1 36  5.0% 3.50 [0.35, 35.44] I
Ekberg (2007) 72 380 149 1195 15.9% 1.64[1.21, 2.23] -
Flechner (2007, 2002) 6 31 3 30 85% 2.16 [0.49, 9.57] -
Franz (2010) 2 63 1 64  47% 2.07[0.18, 23.37] I
Glotz (2010) 8 71 0 70  3.6% 18.87 [1.07, 333.63] -
Groth (1999) 4 41 2 42 71% 2.16[0.37, 12.51] -1
Guba (2010) 7 70 8 7 111% 0.88 [0.30, 2.56] I
Kreis (2000) 2 40 3 38 6.7% 0.611[0.10, 3.89] L R
Martinez-Mier (2006) 4 20 2 21 6.8% 2.38[0.38, 14.70] -1
Pescovitz (2007) 18 30 3 30 9.0% 13.50 [3.33, 54.67] -
Total (95% CI) 990 1767 100.0% 3.00 [1.61, 5.59] L 4
Total events 175 177
Heterogeneity: 12 = 0.61; %2 = 29.04, df = 12 (P = 0.004); 12 = 59% o 0505 051 150 2(5)0

Test for overall effect: Z = 3.47 (P = 0.0005) Higher incidence control  Higher incidence mTOR-|

Figure 4 Forest plot indicating the odds ratio of the occurrence of wound complications in kidney transplant recipients on mTOR inhibitors plus
antimetabolites.
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kidney transplantation. A pooled analysis of two RCTs
showed less lymphoceles for early steroid withdrawal
compared with late steroid withdrawal or continued use
of low dose steroids in kidney transplantation. A non-
randomized study on kidney transplantation comparing
sirolimus without steroids with historical controls on
long-term maintenance steroids also showed a lower
incidence of lymphoceles for the steroid avoidance
group but no differences between groups for wound
hernia or wound dehiscence [8]. However, because of
insufficient level 1 evidence, we cannot draw a definitive
conclusion regarding the impact of steroids on wound
healing and lymphoceles.

Several studies have evaluated risk factors for impaired
wound healing. Knight ef al. [58] conducted a retrospec-
tive review of wound complications in kidney transplan-
tation. They found that older recipient age, obesity,
Caucasian race, thymoglobulin induction and cumulative
use of at least 35 mg sirolimus within 4 days post-trans-
plant were independent risk factors for wound complica-
tions, which also included lymphoceles. Flechner et al.
[59] divided a cohort of 513 consecutive patients into
three groups according to their immunosuppression.
Multivariate analysis showed that body mass index (BMI)
and delayed graft function were risk factors for wound
complications. Tiong et al. [60] aimed to develop a sys-
tematic approach to reduce wound complications in sirol-
imus-treated kidney transplant recipients. They concluded
that for wound complications or wound complications
needing surgery, a BMI > 32 was the strongest indepen-
dent predictor. For lymphocele formation and lymphoce-
les needing treatment, a BMI > 32 and acute rejection
were independent risk factors. Thus, even though none of
these risk factors were identified from randomized con-
trolled trials, these studies indicate that patient character-
istics could also contribute to wound complications and
lymphocele formation.

In conclusion, immediate use of mTOR inhibitors leads
to a higher incidence of wound complications and lym-
phoceles. Therefore, mTOR inhibitors should be avoided
in the first few months after transplantation.
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Supporting information

Additional Supporting Information may be found in the
online version of this article:

Figure S1 Forest plot indicating the odds ratio of the
occurrence of lymphoceles in kidney transplant recipients
on mTOR inhibitors plus antimetabolites.

Figure S2 Forest plot indicating the odds ratio of the
occurrence of wound complications in heart transplant
recipients on mTOR inhibitors plus CNIs.

Table S1. mTOR inhibitors plus belatacept in kidney
transplantation (n = 1).

Table S2. mTor inhibitors plus CNIs for heart transplan-
tation (n = 4).

Table S3. mTOR inhibitors in liver transplantation
(n=1).

Table S4. mTor inhibitors in simultaneous pancreas kid-
ney transplantation (n = 1).

Table S5. RCTs that investigated mTOR inhibitors com-
bined with steroids versus no steroids in kidney trans-
plantation (n = 2).

Table S6. Description of wound-related events and
whether lymphoceles reported for each RCT
included in the systematic review.

were

Table S7. Subgroup analysis for RCTs of good metho-
dological quality, i.e., adequate allocation concealment or
a total Jadad score of at least three for RCTs in kidney
transplantation. The number of trials refers to the
number of RCTs that were of good methodological
quality according to each of the quality criteria including
the total number of patients included in the analysis.

Please note: Wiley-Blackwell are not responsible for the
content or functionality of any supporting materials sup-
plied by the authors. Any queries (other than missing
material) should be directed to the corresponding author
for the article.

References

1. Russel NKI, Knight SR, Morris PJ. Cyclosporine. In: Mor-
ris PJ, Knechtle SJ, eds. Kidney Transplantation: Principles
and Practice, 6th edn. Philadelphia: Saunders Elsevier,
2008: 234-258.

2. Langer RM, Kahan BD. Incidence, therapy, and conse-
quences of lymphocele after sirolimus-cyclosporine-
prednisone immunosuppression in renal transplant
recipients. Transplantation 2002; 74: 804.

3. Stallone G, Infante B, Grandaliano G, Gesualdo L.
Management of side effects of sirolimus therapy.
Transplantation 2009; 87: S23.

4. Flechner SM. Sirolimus in kidney transplantation indica-
tions and practical guidelines: de novo sirolimus-based

Transplant International © 2011 European Society for Organ Transplantation 24 (2011) 1216-1230 1227



Wound complications and/or lymphoceles following mTOR inhibitors

10.

11.

12.

13.

14.

15.

16.

17.

18.

1228

therapy without calcineurin inhibitors. Transplantation
2009; 87: S1.

. Terada N, Lucas JJ, Szepesi A, Franklin RA, Domenico J,

Gelfand EW. Rapamycin blocks cell cycle progression of
activated T cells prior to events characteristic of the middle
to late G1 phase of the cycle. J Cell Physiol 1993; 154: 7.

. King-Biggs MB, Dunitz JM, Park §J, Kay Savik S, Hertz

MI. Airway anastomotic dehiscence associated with use of
sirolimus immediately after lung transplantation. Trans-
plantation 2003; 75: 1437.

. Webster AC, Lee VW, Chapman JR, Craig JC. Target of

rapamycin inhibitors (TOR-I; sirolimus and everolimus)
for primary immunosuppression in kidney transplant
recipients. Cochrane Database Syst Rev 2006; 2: CD004290.

. Rogers CC, Hanaway M, Alloway RR, et al. Corticosteroid

avoidance ameliorates lymphocele formation and wound
healing complications associated with sirolimus therapy.
Transplant Proc 2005; 37: 795.

. Sandrini S, Setti G, Bossini N, et al. Steroid withdrawal

five days after renal transplantation allows for the preven-
tion of wound-healing complications associated with siroli-
mus therapy. Clin Transpl 2009; 23: 16.

Jadad AR, Moore RA, Carroll D, et al. Assessing the qual-
ity of reports of randomized clinical trials: is blinding nec-
essary? Control Clin Trials 1996; 17: 1.

Pengel LH, Barcena L, Morris PJ. The quality of reporting
of randomized controlled trials in solid organ transplanta-
tion. Transpl Int 2009; 22: 377.

Higgins JPT, Green S. Cochrane Handbook for Systematic
Reviews of Interventions. Chichester: John Wiley & Sons
Ltd, 2008.

van Hooff JP, Squifflet JP, Wlodarczyk Z, Vanrenterghem
Y, Paczek L. A prospective randomized multicenter study
of tacrolimus in combination with sirolimus in renal-
transplant recipients. Transplantation 2003; 75: 1934.

Anil Kumar MS, Heifets M, Fyfe B, et al. Comparison of
steroid avoidance in tacrolimus/mycophenolate mofetil
and tacrolimus/sirolimus combination in kidney transplan-
tation monitored by surveillance biopsy. Transplantation
2005; 80: 807.

Anil Kumar MS, Saeed MI, Ranganna K, et al. Compari-
son of four different immunosuppression protocols with-
out long-term steroid therapy in kidney recipients
monitored by surveillance biopsy: 5-year outcomes.
Transpl Immunol 2008; 20: 32.

Barsoum RS, Morsey AA, Iskander IR, et al. The Cairo
Kidney Center Protocol for Rapamycin-based Sequential
Immunosuppression in Kidney Transplant Recipients:
2-Year Outcomes. Exp Clin Transpl 2007; 5: 649.

Buchler M, Caillard S, Barbier S, et al. Sirolimus Versus
Cyclosporine in Kidney Recipients Receiving Thymoglobu-
lin, Mycophenolate Mofetil and a 6-Month Course of Ste-
roids. Am J Transplant 2007; 7: 2522.

Ciancio G, Burke GW, Gaynor JJ, et al. A randomized
long-term trial of tacrolimus/sirolimus versus tacrolimus/

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

© 2011 The Authors

Pengel et al.

mycophenolate mofetil versus cyclosporine (NEORAL)/
sirolimus in renal transplantation. II. Survival, function,
and protocol compliance at 1 year. Transplantation 2004;
77: 252.

Dean PG, Lund WJ, Larson TS, et al. Wound-healing
complications after kidney transplantation: a prospective,
randomized comparison of sirolimus and tacrolimus.
Transplantation 2004; 77: 1555.

Durrbach A, Rostaing L, Tricot L, et al. Prospective
comparison of the use of sirolimus and cyclosporine in
recipients of a kidney from an expanded criteria donor.
Transplantation 2008; 85: 486.

Ekberg H, Tedesco-Silva H, Demirbas A, et al. Reduced
exposure to calcineurin inhibitors in renal transplantation.
N Engl ] Med 2007; 357: 2562.

Flechner SM, Goldfarb D, Solez K, et al. Kidney transplan-
tation with sirolimus and mycophenolate mofetil-based
immunosuppression: 5-year results of a randomized pro-
spective trial compared to calcineurin inhibitor drugs.
Transplantation 2007; 83: 883.

Franz S, Regeniter A, Hopfer H, Mihatsch M, Dickenmann
M. Tubular toxicity in sirolimus- and cyclosporine-based
transplant immunosuppression strategies: an ancillary
study from a randomized controlled trial. Am ] Kidney Dis
2010; 55: 335.

Glotz D, Charpentier B, Abramovicz D, et al. Thymoglob-
ulin Induction and Sirolimus Versus Tacrolimus in Kidney
Transplant Recipients Receiving Mycophenolate Mofetil
and Steroids. Transplantation 2010; 89: 1511.

Groth CG, Backman L, Morales JM, et al. Sirolimus
(rapamycin)-based therapy in human renal transplantation:
similar efficacy and different toxicity compared with cyclo-
sporine. Sirolimus European Renal Transplant Study
Group. Transplantation 1999; 67: 1036.

Guba M, Pratschke J, Hugo C, et al. Renal Function,
Efficacy, and Safety of Sirolimus and Mycophenolate
Mofetil After Short-Term Calcineurin Inhibitor-Based
Quadruple Therapy in De Novo Renal Transplant
Patients: 1-Year Analysis of a Randomized Multicenter
Trial. Transplantation 2010; 90: 175.

Kahan BD. Efficacy of sirolimus compared with azathio-
prine for reduction of acute renal allograft rejection:

a randomised multicentre study. The Rapamune US Study
Group. Lancet 2000; 356: 194.

Kahan BD. Two-year results of multicenter phase IIT trials
on the effect of the addition of sirolimus to cyclosporine-
based immunosuppressive regimens in renal transplanta-
tion. Transplant Proc 2003; 35: 37S.

Kahan BD, Camardo JS. Rapamycin: clinical results

and future opportunities. Transplantation 2001; 72:

1181.

Kahan BD, Julian BA, Pescovitz MD, Vanrenterghem Y,
Neylan J. Sirolimus reduces the incidence of acute
rejection episodes despite lower cyclosporine doses in
caucasian recipients of mismatched primary renal

Transplant International © 2011 European Society for Organ Transplantation 24 (2011) 1216-1230



Pengel et al.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

allografts: a phase II trial. Rapamune Study Group.
Transplantation 1999; 68: 1526.

Kandaswamy R, Melancon JK, Dunn T, et al. A prospec-
tive randomized trial of steroid-free maintenance regimens
in kidney transplant recipients—an interim analysis. Am J
Transplant 2005; 5: 1529.

Kreis H, Cisterne JM, Land W, et al. Sirolimus in associa-
tion with mycophenolate mofetil induction for the preven-
tion of acute graft rejection in renal allograft recipients.
Transplantation 2000; 69: 1252.

Lorber MI, Mulgaonkar S, Butt KM, et al. Everolimus
versus mycophenolate mofetil in the prevention of rejec-
tion in de novo renal transplant recipients: a 3-year ran-
domized, multicenter, phase III study. Transplantation
2005; 80: 244.

MacDonald AS, Rapamune Global Study Group. A
worldwide, phase III, randomized, controlled, safety and
efficacy study of a sirolimus/cyclosporine regimen for
prevention of acute rejection in recipients of primary
mismatched renal allografts. Transplantation 2001; 71:
271.

Machado PG, Felipe CR, Hanzawa NM, et al. An open-
label randomized trial of the safety and efficacy of siroli-
mus vs. azathioprine in living related renal allograft recipi-
ents receiving cyclosporine and prednisone combination.
Clin Transpl 2004; 18: 28.

Martinez-Mier G, Mendez-Lopez MT, Budar-Fernandez
LF, et al. Living Related Kidney Transplantation Without
Calcineurin Inhibitors: initial Experience in a Mexican
Center. Transplantation 2006; 82: 1533.

Pescovitz MD, Vincenti F, Hart M, et al. Pharmacokinet-
ics, safety, and efficacy of mycophenolate mofetil in com-
bination with sirolimus or ciclosporin in renal transplant
patients. Br J Clin Pharmacol 2007; 64: 758.

Sampaio EL, Pinheiro-Machado PG, Garcia R, et al.
Mycophenolate mofetil vs. sirolimus in kidney transplant
recipients receiving tacrolimus-based immunosuppressive
regimen. Clin Transpl 2008; 22: 141.

Tedesco Silva H, Cibrik D, Johnston T, et al. Everolimus
plus reduced-exposure CsA versus mycophenolic acid plus
standard-exposure CsA in renal-transplant recipients. Am |
Transplant 2010; 10: 1401.

Van Gurp E, Bustamante J, Franco A, et al. Comparable
renal function at 6 months with tacrolimus combined with
fixed-dose sirolimus or mmf: results of a randomized mul-
ticenter trial in renal transplantation. J Transplant 2010;
Epub 2010 Oct 5.

Vitko S, Margreiter R, Weimar W, et al. Three-year effi-
cacy and safety results from a study of everolimus versus
mycophenolate mofetil in de novo renal transplant
patients. Am | Transplant 2005; 5: 2521.

Vitko S, Wlodarczyk Z, Kyllonen L, ef al. Tacrolimus com-
bined with two different dosages of sirolimus in kidney
transplantation: results of a multicenter study. Am J Trans-
plant 2006; 6: 531.

© 2011 The Authors

Transplant International © 2011 European Society for Organ Transplantation 24 (2011) 1216-1230

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Wound complications and/or lymphoceles following mTOR inhibitors

Ferguson R, Grinyo J, Vincenti F, et al. Immunosuppres-
sion with belatacept-based, corticosteroid-avoiding regi-
mens in de novo kidney transplant recipients. Am |
Transplant 2011; 11: 66.

Eisen HJ, Tuzcu EM, Dorent R, et al. Everolimus for

the prevention of allograft rejection and vasculopathy

in cardiac-transplant recipients. N Engl ] Med 2003; 349:
847.

Keogh A, Richardson M, Ruygrok P, et al. Sirolimus in

de novo heart transplant recipients reduces acute rejection
and prevents coronary artery disease at 2 years: a random-
ized clinical trial. Circulation 2004; 110: 2694.
Kobashigawa JA, Miller LW, Russell SD, et al. Tacrolimus
with mycophenolate mofetil (MMF) or sirolimus vs. cyclo-
sporine with MMF in cardiac transplant patients: 1-year
report. Am J Transplant 2006; 6: 1377.

Lehmkuhl HB, Arizon J, Vigano M, et al. Everolimus with
reduced cyclosporine versus MMF with standard cyclo-
sporine in de novo heart transplant recipients. Transplan-
tation 2009; 88: 115.

Masetti M, Montalti R, Rompianesi G, et al. Early with-
drawal of calcineurin inhibitors and everolimus monother-
apy in de novo liver transplant recipients preserves renal
function. Am J Transplant 2010; 10: 2252.

Girman P, Lipar K, Koznarova R, et al. Similar early com-
plication rate in simultaneous pancreas and kidney recipi-
ents on tacrolimus/mycophenolate mofetil versus
tacrolimus/sirolimus immunosuppressive regimens. Trans-
plant Proc 2010; 42: 1999.

Montagnino G, Sandrini S, Iorio B, et al. A randomized
exploratory trial of steroid avoidance in renal transplant
patients treated with everolimus and low-dose cyclospor-
ine. Nephrol Dial Transplant 2008; 23: 707.

Sandrini S, Setti G, Bossini N, et al. Early (fifth day) vs.
late (sixth month) steroid withdrawal in renal transplant
recipients treated with Neoral((R)) plus Rapamune((R)):
4-yr results of a randomized monocenter study. Clin
Transpl 2010; 24: 669.

Albano L, Berthoux F, Moal M, et al. Incidence of delayed
graft function and wound healing complications after
deceased-donor kidney transplantation is not affected by
de novo everolimus. Transplantation 2009; 88: 69.

Dantal J, Berthoux F, Moal MC, et al. Efficacy and
safety of de novo or early everolimus with low
cyclosporine in deceased-donor kidney transplant
recipients at specified risk of delayed graft function:
12-month results of a randomized, multicenter trial.
Transpl Int 2010; 23: 1084.

Lebranchu Y, Thierry A, Toupance O, et al. Efficacy on
renal function of early conversion from cyclosporine to
sirolimus 3 months after renal transplantation: concept
study. Am | Transplant 2009; 9: 1115.

Pankewycz O, Said M, Feng L, et al. Conversion to Low
Dose Tacrolimus or Rapamycin 3 Months After Kidney
Transplant: A Prospective, Protocol Biopsy Guided Study.

1229



Wound complications and/or lymphoceles following mTOR inhibitors

56.

57.

58.

1230

Vancouver, Canada: XXIII International Congress of The
Transplantation Society, August 15-19, 2010.
Medina-Pestana J, Garcia V, David-Neto E, et al. Conver-
sion From Tacrolimus to Sirolimus-Based Immunosuppres-
sive Regimen in Kidney Transplant Recipients. Preliminary
Results. Vancouver, Canada: XXIIT International Congress
of The Transplantation Society, August 15-19 2010, 2010.
Morris PJ, Knechtle SJ. Kindney Transplantation: Principles
and Practice, 6th edn. Philadelphia: Saunders Elsevier,
2008.

Knight RJ, Villa M, Laskey R, et al. Risk factors for
impaired wound healing in sirolimus-treated renal
transplant recipients. Clin Transpl 2007; 21: 460.

59.

60.

© 2011 The Authors

Pengel et al.

Flechner SM, Zhou L, Derweesh 1, et al. The impact of
sirolimus, mycophenolate mofetil, cyclosporine,
azathioprine, and steroids on wound healing in 513
kidney-transplant recipients. Transplantation 2003; 76:
1729.

Tiong HY, Flechner SM, Zhou L, et al. A systematic
approach to minimizing wound problems for de novo
sirolimus-treated kidney transplant recipients.
Transplantation 2009; 87: 296.

Transplant International © 2011 European Society for Organ Transplantation 24 (2011) 1216-1230



