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Background. Preconditioning deceased organ donors with calcineurin inhibitors (CNIs) may reduce ischemia—reperfu-
sion injury to improve transplant outcomes. Methods. We searched MEDLINE, EMBASE, Cochrane Library, and con-
ference proceedings for animal models of organ donation and transplantation, comparing donor treatment with CNlIs with
either placebo or no intervention, and evaluating outcomes for organ transplantation. Reviewers independently screened
and selected studies, abstracted data, and assessed the risk of bias and clinical relevance of included studies. Where pos-
sible, we pooled results using meta-analysis; otherwise, we summarized findings descriptively. Results. Eighteen studies
used various animals and a range of CNI agents and doses and evaluated their effects on a variety of transplant outcomes.
The risk of bias and clinical applicability were poorly reported. Pooled analyses suggested benefit of CNI treatment on early
graft function in renal transplants (3 studies; serum creatinine: ratio of means [RoM] 0.54; 95% confidence interval [Cl],
0.34-0.86) but not for liver transplants (2 studies; serum alanine transaminase: RoM 0.61; 95% Cl, 0.30-1.26; and serum
aspartate aminotransferase: RoM 0.58; 95% Cl, 0.26-1.31). We found no reduction in graft loss at 7 d (2 studies; risk ratio
0.54; 95% ClI, 0.08-3.42). CNI treatment was associated with reduced transplant recipient levels of interleukin-6 (4 studies;
RoM 0.36; 95% Cl, 0.19-0.70), tumor necrosis factor-alpha (5 studies; RoM 0.36; 95% Cl, 0.12-1.03), and cellular apoptosis
(4 studies; RoM 0.30; 95% Cl, 0.19-0.47). Conclusions. Although this compendium of animal experiments suggests
that donor preconditioning with CNIs may improve early kidney graft function, the limited ability to reproduce a true clinical
environment in animal experiments and to assess for risk of bias in these experiments is a serious weakness that precludes

current clinical application.
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INTRODUCTION

Organ transplantation saves lives every day; however, the
lifesaving potential is limited, in part, by the viability of
transplant grafts. With organ demand universally exceed-
ing supply, organs accepted for transplantation increas-
ingly push the boundaries of suitability in terms of donor
age and comorbidities.! Ischemia-reperfusion injury (IRI),
an unavoidable consequence of transplantation, represents
the cellular dysfunction and cell death that occur when
blood flow is restored to a transplant graft.? At the time of
retrieval, arterial clamping causes ischemia, which leads to
ATP depletion, mitochondrial failure, osmotic disequilib-
rium, and cell membrane decay.? Ischemia amplifies genetic
transcription of destructive inflammatory cytokines. The
restoration of oxygen supply on transplantation catalyzes
the production of reactive oxygen species and recruits
inflammatory cells into the graft, accelerating cell death
and tissue necrosis.* This response precipitates inflamma-
tion within the graft, contributing to early graft dysfunc-
tion,® which is directly associated with acute and chronic
disease in the transplant graft and graft rejection and graft
loss.>®

Interventions that attenuate IRI can improve graft viability.
Clinical trials support many of these interventions, including
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specific operative procedures at the time of organ procure-
ment (eg, preservation solution, normothermic regional perfu-
sion),”® ex situ treatments (eg, pulsatile machine perfusion, ex
vivo lung perfusion),”'! and posttransplant therapies (nitric
oxide, mannitol).'>'> However, interventions directed specifi-
cally to the donor provide a unique opportunity to precon-
dition organs against IRL. In theory, the upstream nature of
donor interventions maximizes the opportunity for prophy-
laxis against IRI for all organ transplants and represents a
new frontier for optimizing graft viability.

Emerging evidence suggests that donor preconditioning
with calcineurin inhibitors (CNIs) can mitigate IRI. This is in
addition to their key role in maintaining immunosuppression.
CNIs (ie, cyclosporine, tacrolimus) are routinely administered
posttransplantation to prevent graft rejection for kidneys,
liver, lungs, heart, and pancreas.'*'” These agents have mul-
tiple immune and anti-ischemic effects that align well with
many molecular pathways of IRI, potentially reducing the risk
of IRL.'$2! Among these effects, CNIs bind to the calcineurin—
calmodulin complex to prevent activation of the nuclear factor
of activated T cells (NF-AT), thus inhibiting interleukin (IL)-2
production.?> Moreover, they inhibit endothelin-1 and induc-
ible nitric oxide synthase, which improve microcirculation.??

Early animal studies suggested that donor calcineurin inhi-
bition can reduce inflammatory cytokines posttransplanta-
tion,? attenuate graft necrosis,” and improve early graft
function.” However, CNIs have long been associated with
putative side effects in recipients that may be associated with
vascular injury (ie, arteriolar hyalinosis).?® Thus, it is impor-
tant to systematically assess the animal literature related to
CNI administration to donors before conducting clinical
investigations.

MATERIALS AND METHODS

This systematic review was exempt from the Research
Ethics Board approval.

Eligibility Criteria

We included published studies and abstracts from animal
models of organ transplantations. Models of allotransplanta-
tion (ie, organs transplanted to a different animal of the same
species) and autotransplantation (ie, organs retransplanted to
the donor animal) were eligible because both models resulted
in IRI. We included studies, for all organ types, that compared
the administration of CNIs (ie, cyclosporine or tacrolimus)
with placebo or with no intervention and reported on any of
the following recipient outcomes: (1) early posttransplant graft
function, (2) graft loss, (3) serum proinflammatory cytokines,
and (4) graft histology. We accepted the range of authors’ defi-
nitions and measurements for each outcome. Considering a
theoretical risk that any organ graft could conceivably carry a
small amount of donor tacrolimus to the organ recipient, with
an associated risk of adverse effects (eg, acute kidney injury)
in that recipient, we reported kidney function in the nontrans-
planted organs of recipients whenever available.

Search Strategy

With the assistance of a medical librarian, we searched
Cochrane Central, EMBASE, and MEDLINE from incep-
tion to December 2022 (File S1, SDC, http:/links.lww.
com/TXD/A555) and conference proceedings from the
International Society of Organ Donation and Procurement,
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The Transplantation Society, the Canadian Society of
Transplantation, American Transplant Congress, and
European Society of Transplantation over the past 5 y. After
importing references in Endnote (version X8.0.1), 2 reviewers
independently and in duplicate screened titles and abstracts
for eligibility and reviewed full-text articles in a second stage.
We documented reasons for the exclusion of each study,
where applicable.

Data Extraction

Two reviewers independently extracted data from each
study using pretested and calibrated data collection forms.
We recorded information on the animal models, study inter-
ventions (eg, specific CNI, dose, timing of administration),
control interventions, and outcomes (eg, recipient vital status,
graft function, anatomical and histological findings, serum
inflammatory markers). We resolved disagreements through
discussion. When available, we collected data on warm and
cold ischemic times (CITs) because they are widely viewed as
strong predictors of graft dysfunction.?”-?$

Clinical Relevance and Risk of Bias Assessments

To determine and describe the clinical relevance of each
preclinical model, 2 reviewers applied in duplicate a published
framework to evaluate the following items: (1) relevance of
animal age, size, and comorbidities; (2) administration of
the therapy before organ retrieval; and (3) supportive care
for donors and recipients that mimics clinical care (ie, fluids,
antibiotics).?” Reviewers rated each item as “yes,” “no,” or
“unclear.”

We used the SYRCLE tool to assess the risk of bias in
included studies.’® This system assesses 10 domains: (1)
sequence generation (ie, methods used to generate the alloca-
tion sequence), (2) comparability of study groups at baseline,
(3) allocation concealment, (4) random housing (ie, the extent
to which intervention and control animals are randomly
assigned to various laboratory spaces during the study), (5)
investigator blinding, (6) random outcome assessments (ie,
the random selection of animals for assessment of specific out-
comes), (7) blinding of outcome assessments, (8) completeness
of outcome data, (9) selective reporting of outcomes, and (10)
other sources of bias. In terms of baseline characteristics, we
compared animal sex, age, and CITs between groups. To assess
selective outcome reporting, we compared outcomes described
in the Methods section to those reported in the Results sec-
tions for each article or published protocol, if available. As
other potential sources of bias, reviewers assessed industry
funding and potential confounding treatments that differed
between study groups. In duplicate, 2 reviewers rated each
domain for each study as having “high,” “low,” or “unclear”
risk on the overall risk of bias for each study. We resolved
disagreements by consensus.?!

Statistical Analysis

We calculated chance-corrected agreement for eligibil-
ity decisions using the K statistic.’! We conducted descrip-
tive analyses and reported means with SD or proportions, as
appropriate. We pooled outcome data across studies, across
the range of animal models, interventions, and outcomes
measured. Specifically, we planned to pool data across ani-
mal types (eg, rats, pigs), across organ types (and also pooled
for specific organs), and across interventions (eg, we included
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studies of tacrolimus and cyclosporine together). If an out-
come was measured at >1 time interval, we analyzed the most
protracted measurements. Where data were deemed too clini-
cally heterogenous to pool, we provided narrative summaries.

Using RevMan (version 5.4)3? and R (version 4.0.5; pack-
age metaphor)® software, we pooled continuous outcomes
using the ratio of weighted means (RoM) with inverse vari-
ance method and reported with 95% confidence interval
(CI).>* We used ratio because it eliminates the units of meas-
urement in the outcomes to provide a more meaningful sum-
mary of treatment effects across measures than the use of a
standardized mean difference.’> We pooled dichotomous
outcomes using the risk ratio with a corresponding 95% CL
We applied Mantel-Haenszel random-effects models®** and
measured statistical heterogeneity using the I? statistic, visual
inspection of the forest plots, and the chi-square test. There
were too few studies to address publication bias.?!

RESULTS

Study Selection

From 1267 citations, 18 studies were eligible for this
review (Figure 1) and included descriptions of >500 animals
(Table 1).2325375! k¢ agreement for study selection was 0.77.
All studies were published between 1991 and 2020.

Study Characteristics

Most studies (16/18; 89%) used rat models of organ
transplantation,?32538-46:48-51 - wwhereas 2 studies used pigs
(Table 1).37*” The specific organ of interest varied and included
kidney (8 studies),?>*>3742 liver (6 studies),**** bowel (3 stud-
ies), %! and lung (1 study).*

Table 1 lists the CNI regimens. Eleven studies (61%)
tested tacrolimus,?32438:40:42:4446:49-51 ¢ srudies tested cyclospor
ine’73%#:43.4748, and 1 tested both medications (Table 1).%° The
range of doses was 5 to 10 mg/kg for cyclosporine?37:3%41:43:47:48
and 0.01 to 1mg/kg for tacrolimus.?3-2538:40,4244-46:49-51 Eleyen
studies (61%) administered a single dose.>*2°:38:40-43:46,48,50,51

The principal routes of administration were intrave-
nous (8/18 studies; 44 %),232438:4042:46,5051 enteral (4 studies;
22%),373%4348 intraperitoneal (2 studies; 11%),2%*! and intra-
muscular (2 studies; 11%).4*” The timing of CNI therapy
initiation varied between studies. CNIs were administered

1267 citations screened

» 1221 citations excluded

v

46 full-text articles
assessed

28 articles excluded:

Not organ donation (15)
Not CNI administration (4)
No recipient outcomes (4)
Ex-vivo intervention (3)
Duplicate reporting (2)

A4

18 articles included

FIGURE 1. PRISMA flow diagram. CNI, calcineurin inhibitor;
PRISMA, Preferred Reporting Items for Systematic Reviews and
Meta-Analyses.
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Study characteristics grouped by organ type

Author, year Species (n) Calcineurin inhibitors? Outcome
Timing of
administration Time of meas-
before organ urement after
Agent Dose retrieval transplant All reported effects of CNI
Kidney
Abbasi Dezfouli, 2020%" Pigs CSA 10mg/kg Retrieval D5 Similar creatinine, BUN [tissue TNF-o.
(26) Similar cortical necrosis
Cicora, 2012% Rats TAC 0.3mg/kg 12h 24h |Creatinine, BUN, tubular necrosis, tissue TNF-ca,
(24) IL-6, apoptosis
Cicora, 2011 Rats TAC 0.3mg/kg 12h 24 h | Creatinine, urea, tubular necrosis, apoptosis, tissue
(31) TNF-a, IL-6
Martinez-Pilli, 2011% Rats CSA 5mg/kg 24hand6h 24h Similar creatinine, tubular necrosis, tissue TNF-o.
(25)
Cicora, 2010% Rats TAC 0.3mg/kg 12hto6h 24h | Creatinine, urea, tubular necrosis, apoptosis
(30)
Shihab, 20104 Rats CSA 10mg/kg 7dor24h D | Creatinine, tubular necrosis
(40)
Shihab, 2009% Rats TAC 1mg/kg 7dor Day 3 | Creatinine, tubular necrosis
(48) CSA 10mg/kg 24 h
Reutze-Selke, 2003 Rats TAC 0.3 mg 24hort1h 6 mo | Proteinuria,
(NR) glomerulosclerosis
Liver
Tarrab, 20124 Rats CSA 5mg/kg 24h, 4h Similar ALT, AST, bilirubin, necrosis
(17)
Huser, 2009 Rats TAC 1or 3d D3 L ALT, necrosis
(41) 0.01mg/kg (daily)
Sasaki, 20044 Rats TAC 1mg/kg 4d 6handd14 | ALT, LDH, plasma IL-6, TNF-a
(102) (daily) Similar AST, graft loss
Kawano, 1996 Rats TAC 1mag/kg 16h 24handd7 | AST
(NR) Similar graft loss
Yamanoi, 19944 Pigs CSA 10mg/kg 3d D3 L ALT, LDH
(14) (daily)
Goto, 19914 Rats CSA 10mg/kg 3d D7 Similar graft loss
(59) (daily)
Lung
Bayer, 2013% Rats TAC 6.4 mg 1h 4h 1 Pao,
(12) Similar tissue IL-1,-2, -6,-18, TNF-a.
Bowel
Oltean, 2007 Rats TAC 0.3mg/kg 6h 24h | Tissue ICAM-1
(60) Similar necrosis
Oltean, 2006°' Rats TAC 0.3mg/kg 6h 12h | Plasma IL-6, necrosis
(20) Similar TNF-o
Oltean, 2005% Rats TAC 0.3mg/kg 6h 6h | Tissue ICAM-1, necrosis, apoptosis
(14) Similar caspase-3

Al groups are compared with the control group.

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BUN, blood urea nitrogen; CNI,

calcineurin inhibitor; CSA, cyclosporine; ICAM, intercellular adhesion molecule; IL, interleukin; LDH,

lactate dehydrogenase; NR, not reported; Pao,, Po,; TAC, tacrolimus; TNF-a, tumor necrosis factor-alpha.

within 12 h of organ retrieval in 9 studies (50 % )?32437:38:40:42,49-
S1'and between 1 and 7 d in 8 studies (44 % ).253%42:44:45,47.48

The timing of outcome measures ranged from 4h to 7 d
posttransplantation, although 1 study assessed transplant
graft histology 6 mo after transplantation.*

Clinical Relevance

Table 2 summarizes the clinical relevance of these studies.
Thirteen studies (72%) did not report animal age (ie, adult
or pediatric), whereas the remainder studied only adult ani-
mals,23:2437-4044-46:48-51 Ten studies reported animal sex and
studied exclusively males.?32537:38:40:41.43.45,4849 None of the

animal models included animals with comorbidities (eg,
hypertension, diabetes). All but 1 study used an allotransplant
model.?* According to the eligibility for this review, all studies
administered the study drug to donors before organ retrieval.
One study created a model of neurologically deceased donor
animals.’” All studies included a CIT of >2h. In kidney
transplant studies, the mean (SD) CIT was 7.9 (9.5) h,23537
394142 and the mean (SD) warm ischemic time was 29 (15.6)
min.?5373%4 In liver transplantation, the mean (SD) CIT was
9.4 (10.8) h,** and warm ischemic time was 28.7 (27.2)
min.** Nine studies (50%) did not report supportive care
for recipients.?3243%42:44:46:49-51 When reported, 3 studies (17%)
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Potential clinical relevance of preclinical model

Relevance of model

Relevance of illness

Relevance of therapy

>2h of cold
ischemic time

Comor-

Author, year Adult bidities Size

Hetero (vs auto) Therapy initiated
transplant

Adequate supportive care

CNI dose analo-
gous to usual

Recip-

before retrieval Donor ient

Kidney
Abbasi Dezfouli, 2020%
Cicora, 2012%
Cicora, 2011%
Martinez-Pilli, 2011%
Cicora, 2010%
Shihab, 2010+
Shihab, 2009
Reutze-Selke, 2003%

Liver
Tarrab, 2012%
Hiiser, 2009*
Sasaki, 2004
Kawano, 1996
Yamanoi, 19944
Goto, 1991

Lung
Bayer, 20134

Bowel
Oltean, 2007
Oltean, 2006°'
Oltean, 2005%*

@

DODOLQO

BV
ROV
ODODODDDDODD

QDO
BV
DRV ®
OODDDD

@
®
®
@

o
S ®
N ®

®

® ®®
D DD

ODODDDDRD

OODDDD

5]

o DD

ODODODDDDODD
QR DDDDD
DPODO0ODDODD
QOO

OODDDD
RO
QDO DOD
OO0

@
Q
52
Q@

o DD
o DD
@00
Q00O

CNI, calcineurin inhibitor; @, yes; ®, no; ©, unclear.

administered fluids and antibiotics immediately after trans-
plantation.’”**¥ No study administered immunosuppressive
therapy in recipients.

Risk of Bias

Table 3 presents reviewers’ assessments of the risk of bias
in individual studies. The risk of bias was judged as unclear
for most of the domains due to insufficient reporting of the 10
SYRCLE items.

Study Outcomes

For many of the continuous measures reported ahead, we
observed substantial variations in means and SDs, suggesting
important differences in the study animals, interventions, or
outcome measurements. Given the limited details of study
methods, and the relatively small number of studies to sup-
port any exploratory subgroup analyses, we elected to pool
results where possible and to comment descriptively.

Graft Function

Seven studies (39%) measured serum creatinine levels in
renal recipients at 1 d,23%40 3 d,2* and 5 d.”” Five of these
studies reported reduced creatinine levels after the administra-
tion of CNIs.2325384041 Three studies (N =38) reported creati-
nine quantitatively, thus allowing for pooled analysis.?**° The
pooled estimate suggested a beneficial effect of CNIs on cre-
atinine (RoM 0.54; 95% CI, 0.34-0.86; I>=85%; Figure 2).
From the 4 studies not represented in the pooled estimate,
3 reported that posttransplant creatinine levels were lower
among kidney recipients exposed to CNIs.?>?* Four studies
assessed blood urea nitrogen levels or urea at 12%°%% and 5

d37 of which 3 reported lower levels for the groups exposed
to CNI‘23,38,40

Five studies assessed serum aminotransferases with con-
flicting results.***” Aminotransferases were measured at
4h,® 6h,% 24h,* and 3 d.***” Three studies observed lower
serum levels of alanine aminotransferase (ALT) in the CNI
group,* #47 whereas 1 study reported lower levels of aspar-
tate aminotransferase (AST) without a difference of ALT.* In
1 study, AST and ALT levels were similar between groups.*
The pooled estimate (2 studies; N=67) suggested no differ-
ence in ALT (RoM 0.61; 95% CI, 0.30-1.26; I’=96%) and
AST (RoM 0.58; 95% CI, 0.26-1.31; 2= 50.2%) with donor
pretreatment (Figure S2A, SDC, http://links.lww.com/TXD/
A555).44 All 3 studies not included in the pooled analysis
qualitatively reported lower serum aminotransferases level for
liver recipients exposed to CNIs. #4647

For the single lung transplantation model, donor treatment
with CNIs improved oxygenation (Pao,) as measured at 3h
posttransplantation (group CNI=344.8+235 mmHg versus
group control=61.3+35.8 mmHg; P=0.01).*

Graft Loss

Three studies (17%) reported liver graft loss between 7464
and 14 d* after transplantation. Two studies reported this quan-
titatively (N=40), and when pooled, treatment with CNIs did
not reduce graft loss (RR 0.54; 95% CI, 0.08-3.42; >=75%;
Figure S2B, SDC, http:/links.lww.com/TXD/A555).4:48

Inflammatory Cytokines
Nine studies evaluated inflammatory cytokines from kidney
recipients (4 studies),?**”* bowel recipients (3 studies),?*%%!
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Risk of bias assessment

Random Blinding Selective
Random Baseline char- Allocation Random Blinding  outcome outcome Incomplete  outcome Other

Author, year sequence acteristics concealed housing personnel assessment assessment outcome data reporting bias
Kidney

Abbasi Dezfouli, o <) S ) S o o o 53} @

2020%

Cicora, 2012% ] o ~ ] ) ] ] ] @ @

Cicora, 20112 o ) ) o ® o o o ® ®

Martinez-Pilli, 2011% ) ) ) o S ) o o 2} o

Cicora, 2010% o o o o o © o o © @

Shihab, 2009% o ) N o o o o o o o

Shihab, 2010* o o ) o o o o o 2} o

Reutze-Selke, 2003 S (23} o ) o o o o ® ®
Liver

Tarrab, 20124 S o o ] ] ] ] S @ @

Huser, 2009 o ) o o o o o o D o

Sasaki, 2004 o o ) 3] o o o o 52} ®

Kawano, 19966 S o o ] ] ] ] S @ ©

Yamanoi, 19944 o (3} o S o o o (&) ® D

Goto, 19914 o ) ) o o o o 52} 2} o
Lung

Bayer, 2013% o &) N o o o o o o o
Bowel

Oltean, 2007% o o o o o o o o >} o

Oltean, 2006°' o ) N o o o o o 52} o

Oltean, 2005 o o o o o o o o 2} o
@, low risk of bias; ®, high risk of bias; ©, unclear risk of bias.
Calcineurin inhibitor Control

Study Total Mean SD Total Mean SD Ratio of Means ROM 95%-Cl Weight

Cicora,2012 6 176.84 27.41 6 415.57 118.48 —-*-— 0.43 [0.33;0.55] 33.5%

Cicora,2011 6 156.50 4.42 6 360.75 30.06 Be 0.43 [0.40; 0.47] 37.0%

Martinez-Pilli,2011 6 327.15 114.95

Random effects model 18 20
Heterogeneity: 1% = 85%, 1° = 0.1540, p <0.01

8 353.68 141.47 =

RSN E—

0.92 [0.62; 1.37] 29.5%

—¢—
| 1
0.5 1 2

0.54 [0.34; 0.86] 100.0%

FIGURE 2. Forest plot of the calcineurin inhibitor effect on serum creatinine. Cl, confidence interval; ROM, ratio of weighted means; RR, risk

ratio.

liver recipients (1 study),” and lung recipients (1 study).*
The most common time point measurement was 24 h,?3:3%:3%51
followed by 6h,2* 4h* 12h° and 5 d.*” Seven studies
measured cytokines in tissue?®?+37:3%40:4950 and 2 studies in
plasma.*5-5°

In kidney recipients exposed to CNIs, all studies reported
significantly lower levels of tumor necrosis factor-alpha (TNF-
a)?373% and 1L-6.%* In liver recipients, treatment of donors
with CNIs lowered IL-6 and TNF-a,* whereas in bowel
recipients, there was a reduction in IL-6 but no difference in
TNF-a.’! Results were similar between the 2 groups for the
lung transplantation models.*’

Pooled estimates of all organs suggested a reduction of IL-6
(N=53; RoM 0.36;5 95% CI, 0.19-0.70; I>=72%)334545! and
a nonsignificant reduction in TNF-a (N=63; RoM 0.36; 95%
CI, 0.12-1.03; [=98%)383%454%51 in transplants from donors
exposed to CNIs (Figure 3). Studies, not included in the pooled
analysis, qualitatively reported reduced IL-62° and TNF-q.233”

Histology

Using a variety of tubular injury scales, 8 studies reported
renal histology at 4h,37 24 h,?33%3951 72 h 254 and 6 mo.*
In 5 of 8 studies, treatment with CNIs was associated
with reduced renal necrosis.?»?%384142 One study reported
reduced liver necrosis with the administration of tacroli-
mus.* Two out of 3 bowel studies reported improved graft
structure with CNIs compared with grafts from untreated
animals.?*!

Four studies measured apoptosis at 6** and 24 h.?33%4 In
all studies, there was a reduction in the number of apoptotic
nuclei in transplants exposed to CNIs. One study measured
caspase-3 in transplanted organs with similar results at 6h
posttransplant (group control: 5.1+4.86 versus group CNI:
3.06+2.04 pmol released amido-4-methylcoumarin/mg pro-
tein minutes).* Pooled analysis reported a reduction in apop-
tosis of transplanted organs when preexposed to CNIs (N =50;
RoM 0.30; 95% CI, 0.19-0.47; I>*=96%; Figure 4).23243840
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Calcineurin inhibitor Control

Study Total Mean SD Total Mean SD Ratio of Means ROM  95%-CI Weight
group = TNF-alpha :

Bayer,2013 6 2.20 1.00 6 410 2.20 = m 0.54 [0.31; 0.94] 11.1%
Cicora,2012 6 2.83 1.02 6 57.54 570 = 0.05 [0.04; 0.07] 11.8%
Martinez-Palli, 2011 5 1.02 0.08 5 1.00 0.37 3 1.02 [0.73; 1.42] 11.8%
Oltean,2006 8 1694 729 11 2515 2267 —i 0.67 [0.37; 1.24] 11.0%
Sasaki,2004 5 5980 2270 5 179.60 100.60 — 0.33 [0.18; 0.60] 11.0%
Random effects model 30 33 —_ 0.36 [0.12; 1.03] 56.7%
Heterogeneity: /= = 98%, t° = 1.4025, p < 0.01 :

group = IL-6

Bayer,2013 6 11260 9130 6 181.70 99.70 e 0.62 [0.28; 1.36] 10.3%
Cicora,2012 6 3.73 3.60 6 3043 4.60 ——: 0.12 [0.06; 0.27] 10.3%
Oltean,2006 8 1150.00 667.00 11 2260.00 1348.00 i 0.51 [0.30; 0.87] 11.2%
Sasaki,2004 5 31320 11750 5 75740 256.10 = 0.41 [0.27; 0.64] 11.5%
Random effects model 25 28 e 0.36 [0.19; 0.70] 43.3%
Heterogeneity: I” = 72%, v = 0.3354, p = 0.01 :

Random effects model 55 61 ; <>I : | 0.36 [0.19; 0.68] 100.0%

Heterogeneity: /% = 96%, ©* = 0.8751, p < 0.01
Test for subgroup differences: 7_3 =0.00,df=1 (p =0.97)

0.1 051 2 10

FIGURE 3. Forest plot of calcineurin inhibitors on TNF-a and IL-6. An asterisk denotes studies reporting on plasma biomarker levels rather than
tissue levels. Cl, confidence interval; IL, interleukin; RoM, ratio of means; TNF-a, tumor necrosis factor-alpha.

Calcineurin inhibitor Control
Study Total Mean SD Total Mean SD Ratio of Means ROM 95%-Cl Weight
Cicora,2012 6 5480 830 6 138.70 24.80 - 0.40 [0.33;0.48] 26.8%
Cicora,2011 6 20.10 3.09 6 117.91 9.76 = 0.17 [0.15;0.20] 27.4%
Cicora, 2010 6 59.50 13.75 6 138.67 10.12 3 0.43 [0.35;0.52] 26.7%
Oltean,2005 7 965 6.04 7 3659 17.11 —+— 0.26 [0.15;0.47] 19.2%
Random effects model 25 25 - 0.30 [0.19; 0.47] 100.0%

Heterogeneity: /2 = 96%, 1 = 0.1866, p < 0.01

I T | T 1
02 05 1 2 5

FIGURE 4. Forest plot of calcineurin inhibitors on apoptosis. Cl, confidence interval; RoM, ratio of means.

Safety

Only 1 study evaluated for adverse effects in native organs
up to 12 h posttransplantation. In a study on bowel transplan-
tation, liver function tests, creatinine levels, and blood urea
nitrogen levels were all lower in recipients exposed to CNIs.?

DISCUSSION

This systematic review and meta-analysis of preclini-
cal models, including 18 studies of >500 animals, observed
general improvement in recipient levels of inflammatory
cytokines, early graft function, and graft histology. The broad
range of organs, dosing strategies, and evaluated outcomes
support the robustness of qualitatively and quantitatively
similar findings.

These results suggest that donor preconditioning with
CNIs may be beneficial in the transplantation of some, if not
all, organ types. This finding supports the consideration of
human studies as a next step. An additional factor to sup-
port this intervention in donors is the mechanism of tacroli-
mus, which inhibits the opening of mitochondrial transition
pores and limits cell destruction by inflammatory mechanisms
and apoptosis.*? Recently, immunomodulation of tacrolimus
has been associated with direct hemodynamic effects in lung
donors. In a preclinical study of 18 neurologically deceased

pigs, tacrolimus (2.5mg/kg BID) compared with placebo
reduced donor pulmonary artery pressure and pulmonary
vascular resistance, thus reducing donor pulmonary edema.’?

The translation of our findings to clinical care should pro-
ceed carefully. The absence of comorbidities (eg, hypertension,
diabetes, hypercholesterolemia) and the predominance of
males in animal models of ischemic preconditioning has been
suggested as a possible explanation for translational failure in
human studies.**

The closely related Cis-A-rein study (target N =648 recipi-
ents; ClinicalTrials.gov NCT02907554) currently underway
in France is a clinical trial investigating the effects of pre-
treating neurologically deceased donors with cyclosporine A
(2.5 mg/kg 2h before organ recovery, versus placebo), specifi-
cally with respect to rates of delayed renal graft function.’
Findings from this trial will allow a comparison of preclinical
and clinical research findings, thus informing future clinical
trials in organ donation and transplantation.

Limitations of our systematic review include the wide
range of years of publication, the variability in animal mod-
els, the timing and duration of CNIs, and our restriction to
models of transplantation, thus excluding other models of
IRI. Current literature suggests that the techniques applied
to induce IRI contribute to the limitation of the translation
to human results.’” All studies used a transplantation model
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without immunosuppressive therapy posttransplantation,
which might have fostered acute rejection and thus masked a
benefit of donor preconditioning with CNIs. Moreover, infer-
ences from our findings are limited by the inadequate report-
ing of study methods, which hinders our ability to assess the
overall risk of bias. Previous groups have found that under-
reporting of methodological details in preclinical studies was
associated with the overestimation of treatment effects.’®*!
Pooled analyses must be interpreted cautiously because there
is a high degree of heterogeneity, and the majority of included
studies did not present study findings quantitatively; instead,
they made qualitative statements about differences in findings
between study groups. Finally, the number of studies report-
ing graft function and loss was small, raising concerns about
selective outcome reporting.

Strengths of our systematic review include a comprehensive
search, independent duplicate assessments of study eligibility,
and the pooling of results across studies where possible. Where
possible, we assessed the risk of bias and the clinical relevance
of included studies. We reported outcomes (eg, graft function,
graft loss) that are relevant in clinical transplantation.

In conclusion, this systematic review is limited by the possi-
bly high risk of bias and low clinical relevance of the underly-
ing studies. Nevertheless, across a broad range of CNI agents,
doses, timing, animal models, and organ types, we observed
a consistent finding of improved early posttransplant kidney
graft function with donor CNI administration. This system-
atic review provides a rationale for supporting future clinical
trials on the treatment of organ donors with CNIs in humans.
Moreover, this report provides a current compendium of ani-
mal experiments in this field.
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