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Abstract

Background: The use of renin-angiotensin system (RAS) inhibitors in patients with chronic kidney disease, and especially in diabetic kidney
disease, has been shown to provide renoprotective effects and slow progression to end-stage renal disease. However, this protective effect in
kidney transplant patient populations is unclear. Aim: The objective of this systematic review and meta-analysis was to evaluate the effect
of RAS inhibitors on kidney allograft survival. Materials and Methods: A literature search for randomized controlled trials (RCTs) was
petformed from inception through February 2016. Studies that reported relative risks or hazard ratios comparing the risks of renal graft
loss in renal transplant recipients who received RAS inhibitors vs. controls were included. Pooled risk ratios (RRs) and 95% confidence
intervals (CIs) were calculated using a random-effect, generic inverse vatiance method. Results: Five studies (3 RCTs and 2 cohort studies)
with 20024 kidney transplant patients were included in the meta-analysis. Pooled RR of allograft failure in recipients who received RAS
inhibitors was 0.73 (95% CI: 0.45-1.21). When meta-analysis was limited only to RCTs, the pooled RR of allograft failure in patients
using RAS inhibitors was 0.59 (95%: CI 0.20-1.69). The risk for mortality (RR: 1.13 [95% CI: 0.62-2.07]) in patients using RAS inhibitors
compared to controls was not significantly reduced. Conclusion: This meta-analysis demonstrated insignificant reduced risks of renal graft
loss among renal transplant recipients who received RAS inhibitors. Future studies assessing the potential benefits of RAS inhibitors on
allograft survival in specific kidney transplant patient populations are needed.
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Introduction

The use of renin-angiotensin system (RAS) inhibitors,
including angiotensin converting enzyme inhibitors
(ACElIs) and angiotensin 1l receptor blockers (ARBs),
in patients with chronic kidney disease (CKD), and
especially in diabetic kidney disease, has been shown
to provide renoprotective effects and slow progression
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to end-stage renal disease (ESRD).[" With these known
benefits, the Kidney Disease: Improving Global
Outcomes (KDIGO) clinical practice guidelines have
recommended using ACEI or ARB for management of
blood pressure in adult proteinuric CKD patients with
and without diabetes.
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In kidney transplant recipients, despite significant
improvements in short-term renal allograft survival,™
long-term graft survival is still an ongoing concern.™
Proteinuria after kidney transplantation is common and
is associated with reduced allograft survival.b¢l A
thorough systematic review of RAS inhibitors in kidney
transplantation demonstrated reductions in proteinuria,
hematocrit, and glomerular filtration rate in renal
transplant recipients with RAS inhibitors.” However,
there was insufficient data to determine the effect on
patient or graft survival. Recently, the findings from
a multicentre, double-blind, randomized controlled
trial (RCT) of ramipril versus placebo in 213 kidney
transplant patients showed that treatment with ramipril
did not lead to a significant reduction in allograft
failure in proteinuric kidney transplant recipients.®!
Unfortunately, the investigators did not achieve target
sample size, resulting in a potentially underpowered
study.®! Therefore, we conducted this systematic review
and meta-analysis to comprehensively accumulate all
allograft survival data and pool results to evaluate the
effect of RAS inhibitors on kidney allograft survival.

Materials and Methods

Search strategy

Two investigators (WC and CT) independently searched
published studies and conference abstracts indexed
in MEDLINE, EMBASE, the Cochrane database, and
ClinicalTrials.gov from inception through February 2016
using the following words: “Angiotensin-Converting
Enzyme Inhibitors,” “Angiotensin Converting Enzyme
Inhibitor,” “ACE inhibitor,” “ACEls,” “Angiotensin
II Type 1 Receptor Blockers,” “ARB,” “benazepril,”
“captopril,” “cilazapril,” “delapril,” “enalapril,”
“fosinopril,” “imidapril,” “lisinopril,” “moexipril,”
“perindopril,” “quinapril,” “ramipril,” “trandolapril,”
“spirapril,” “zofenopril,” “candesartan,” “eprosartan,”
“irbesartan,” “losartan,” “olmesartan,” “telmisartan,” or
“valsartan” AND “transplantation” AND “kidney” or
“renal.” A manual search for additional relevant studies
using references from retrieved articles was also performed.

”ou

Inclusion criteria

The inclusion criteria were as follows: (1) RCTs
published as original studies or conference abstracts
that evaluated the effects of RAS inhibitors on kidney
allograft survival, (2) studies that provided data to
calculate relative risks, hazard ratios, or standardized
incidence ratios with 95% confidence intervals (Cls),
and (3) a reference group composed of patients who
were on treatment with RAS inhibitors as control group.

Two investigators (WC and CT) independently
determined study eligibility. Differing decisions were

resolved by mutual consensus. The quality of each study
was evaluated using the Jadad quality-assessment scalel”)
for RCTs and the Newcastle-Ottawa quality assessment
scalel™ for observational studies.

Data extraction

A standardized data collection form was used to extract
the following information: Last name of first author,
title of article, study design, year of study, country of
origin, year of publication, sample size, definition of
RAS inhibitors*? and control groups, and outcome
assessment period.

Statistical analysis

Review Manager software (Version 5.3, Copenhagen,
Denmark) from the Cochrane Collaboration was used for
data analysis. Point estimates and standard errors were
extracted from individual studies and were combined
by the generic inverse variance method of DerSimonian
and Laird." Given the high likelihood of between-study
variances, a random-effect model was used rather
than a fixed-effect model. Statistical heterogeneity
was assessed using Cochran’s Q test. This statistic was
complemented with the I” statistic, which quantifies the
proportion of the total variation across studies that is
caused by heterogeneity rather than chance. An I* of
0-25% represents insignificant heterogeneity, 26-50%
low heterogeneity, 51-75% moderate heterogeneity,
and >75% high heterogeneity.!" The presence of
publication bias was assessed by funnel plots of the
logarithm of odds ratios vs. their standard errors.!’!

Results

The search strategy yielded 5204 potentially relevant
articles; 4951 were excluded based on the title and
abstract which clearly showed that they did not fulfill
inclusion criteria in terms of article type, study design,
population, or outcome of interest (Item S2). The
remaining 253 articles underwent full-length review,
with 248 studies excluded because they were not
observational studies or RCTs (1 = 45) or did not report
outcomes of interest (n = 203). Five studies (3 RCTs and
2 cohort studies) with 20024 kidney transplant patients
were included in the meta-analysis. Tables 1 and 2
contain detailed characteristics and quality assessment
of all included studies.

Effect of renin-angiotensin system inhibitors on
kidney allograft survival

The pooled risk ratio (RR) of allograft failure in
recipients who received RAS inhibitors was 0.73 (95%
CI: 0.45-1.21, ’=85%). Figure 1 shows the forest plot of
the included studies. We also performed a sensitivity
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Table 1: Main characteristics of the observational studies included in this meta-analysis

Heinze et al.[1617]

Opelz et al.®

Country
Study design
Year

Total number
Study sample

Exposure definition
Outcome definition

Adjusted OR or RR for
graft failure

Adjusted OR or RR for
mortality

Confounder adjusted

Quality assessment

(Newrcastle-Ottawa scale)

Austria

Cohort study

2006

2031

Kidney transplant patients who
survived at least 3 months after
transplantation

ACEI/ARB use

Actual graft failure; defined as
permanent return to dialysis,
transplantation, or death
Functional graft failure; defined
as permanent return to dialysis,
transplantation (death-censored)
Actual graft failure

0.58 (0.47-0.72)

Functional graft failure

0.58 (0.47-0.72)

0.63 (0.49-0.81)

Propensity score stratification

Selection: 4
Comparability: 2
Outcomes: 3

Multicenter
Cohort study
2006

17209

Kidney transplant patients who had a functioning graft 1 year
after transplantation

ACEI/ ARB use within 1 year after transplantation
Actual graft failure; not defined

Actual graft failure
1.05 (0.94-1.17)

Death

1.01 (0.86-1.18)

Year of transplantation, donor relationship, recipient

geographic origin, original disease that led to ESRD, duration of
pretransplantation dialysis, recipient and donor gender, race and age,
number of human leukocyte antigen (HLA) mismatches, preformed
Panel Reactive Antibody (PRA), cold ischemia time, indication of
increased pretransplantation cardiovascular risk, systolic blood
pressure, treatment for hypertension, immunosuppression with
calcineurin inhibitor, treatment for rejection and serum creatinine
Selection: 4

Comparability: 2

Outcomes: 3

Table 2: Main characteristics of the randomized controlled studies included in this meta-analysis

Philipp et al.™)

Paoletti et al.l

Knoll et al.®

Country
Study design
Year

Total number
Study sample

Intervention group

Control group
Target blood pressure

Outcome definition

Adjusted OR or RR for
graft failure

Adjusted OR or RR for
mortality

Quality assessment
(Jadad scale)

Multicenter
RCT
2010

502

Kidney transplant patients;
aged 30-69 years with creatinine
clearance 225 ml/min; either
normotensive or hypertensive,
diabetic and nondiabetic

Cardesartan with dose ranging
from 4-16 mg daily

placebo

Sitting diastolic blood pressure <85
mmHg

Graft failure; defined as creatinine
clearance <15 ml/min or dialysis

0.16 (0.02-1.32)

0.72 (0.16-3.26)

Randomization: 2
Blinding: 2
Follow-up: 1

Italy Canada and New Zealand

RCT RCT

2013 2015

70 212

Nondiabetic kidney Kidney transplant patients who were at

transplant patients from
a deceased donor

Lisinopril with dose ranging
from 2.5-30 mg daily

No treatment

<130/80 mmHg

Graft failure; defined as start
of dialysis due to graft loss

1.94 (0.17-22.44)
0.46 (0.04-5.59)
Randomization: 2

Blinding: 0
Follow-up: 1

least 6 months post-transplantation with
an estimated eGFR 20-55 ml/min/
1.73 m? and proteinuria 20.2 g daily

Ramipril 5 mg daily for 2 weeks and
then 5 mg twice daily thereafter
Placebo

<130/80 mmHg

Graft failure; defined as repeat
transplantation or return to dialysis
0.67 (0.24-1.90)

1.97 (0.66-5.89)
Randomization: 2

Blinding: 2
Follow-up: 1
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analysis limited only to RCTs. The pooled RR of allograft
failure in recipients using RAS inhibitors was 0.59
(95% CI: 0.20-1.69, I?*=19%), as shown in Figure 2.

Post-hoc meta-analysis assessing mortality risk was also
performed. The risk for mortality was not significantly
reduced in patients using RAS inhibitors compared to
controls with RR of 1.13 [95% CI: 0.62-2.07].

Evaluation for publication bias

Funnel plots were constructed to evaluate publication
bias regarding the risk of allograft failure in recipients
using RAS inhibitors. Overall, the publication bias was
insignificant.

Discussion

In this current meta-analysis of a total of 20024 kidney
transplant patients, we demonstrated no significant
reduction in allograft failure risk with the use of RAS
inhibitors after kidney transplantation. In addition,
within the selected studies, RAS inhibitors did not
improve survival in kidney transplant recipients.

Although previous systematic reviews and meta-analyses
successfully showed the effectiveness of RAS inhibitors
in reduction of proteinuria in patients with kidney
transplantation,”** data showing a significant benefit
of RAS inhibitors on renal allograft survival were

lacking.!”*! Despite growing evidence supporting the
use of RAS inhibitors to slow progression to ESRD in
nontransplant patients with CKD and proteinuria,
our meta-analysis found no significant benefit of RAS
inhibitors use in renal transplant recipients. Recently,
Knoll et al.®! conducted an RCT of ramipril versus placebo
in 213 kidney transplant recipients with proteinuria.
The investigators demonstrated a decline in proteinuria
in the ramipril group. However, at 4-year follow-up,
ramipril did not reduce the risk of ESRD or death in
this population. A limitation of their RCT was that it
was unable to achieve target sample size and was thus
underpowered. The investigators had extrapolated
observed event rates to a sample size of 528 kidney
transplant recipients and the finding of their study
still showed a nonsignificant difference in allograft
survival endpoint.®! With more statistical power, our
meta-analysis confirmed no significant risk reduction
in renal allograft failure with RAS inhibitor treatment.
This suggests that, if any RAS inhibitor effect is present,
its magnitude is likely very small.

Studies have shown a potential survival benefit with
RAS inhibitors use in nonkidney transplant CKD
patients,®! especially with myocardial infarction.[!
Unfortunately, this benefit from RAS inhibitors has
not translated into the kidney transplant population.
Recently, Opelz et al.’’l examined cardiovascular
mortality in kidney transplant recipients by using
Collaborative Transplant Study retrospective data. The

Total (95% Cl) 100.0%

Test for overall effect: Z = 1.21 (P = 0.22)

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE_Weight 1V, Random, 95% Cl Year IV, Random, 95% CI
Heinze et al -0.54473 0.108806 37.3% 0.58 [0.47, 0.72] 2006 =
Opelz et al 0.04879 0.055837 39.3% 1.05[0.94, 1.17] 2006
Philipp et al -1.83258 1.068789 5.0% 0.16 [0.02, 1.30] 2010 - 1
Paoletti et al 0.662688 1.245613  3.8% 1.94[0.17,22.29] 2013 |
Knoll et al -0.40048 0.527799 14.7% 0.67 [0.24, 1.89] 2015 - 1

0.73[0.45, 1.21] ‘r
1

Heterogeneity: Tau? = 0.16; Chi* = 26.98, df = 4 (P < 0.0001); I> = 85%
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Figure 1: Forest plot of all included studies comparing the risk of renal allograft failure in kidney transplant recipients with renin-angiotensin
system inhibitors vs. control; square data markers, risk ratios (RR); horizontal lines, 95% confidence intervals (Cls), with marker size reflecting
the statistical weight of the study using random-effects meta-analysis. Diamond data markers, overall RRs, and 95% ClIs for outcomes of

interest. IV, inverse variance; SE, standard error

Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Weight 1V, Random, 95% Cl Year IV, Random, 95% ClI
Philipp et al -1.83258 1.068789 21.8% 0.16 [0.02, 1.30] 2010 =
Paoletti et al 0.662688 1.245613 16.7% 1.94[0.17, 22.29] 2013 .
Knoll et al -0.40048 0.527799 61.5% 0.67 [0.24, 1.89] 2015 ——
Total (95% Cl) 100.0% 0.59 [0.20, 1.69] q»
Heterogeneity: Tau? = 0.20; Chiz = 2.46, df = 2 (P = 0.29); 1= 19% I t f t i
Test for overall effect: Z = 0.99 (P = 0.32) Ll 0 1 19 100
ACEI/ARB better ACEI/ARB worse

Figure 2: Forest plot of randomized controlled trails comparing the risk of renal allograft failure in kidney transplant recipients with
renin-angiotensin system inhibitors vs. control; square data markers, risk ratios (RRs); horizontal lines, 95% confidence intervals (Cls), with
marker size reflecting the statistical weight of the study using random-effects meta-analysis. Diamond data markers, overall RRs, and 95%

CIs for outcomes of interest. IV, inverse variance; SE, standard error
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investigators reported no difference in the cumulative
incidence of cardiovascular death 2-10 years after
kidney transplantation in patients receiving RAS
inhibitors versus other antihypertensive medications.
Thus, with the updated evidence and findings from our
meta-analysis, the current recommendations by KDIGO
clinical practice guideline® to use RAS inhibitors for
hypertensive renal transplant recipients with proteinuria
do not adequately address the long-term outcomes of
allograft and patient survival.

There are several limitations of the present meta-analysis.
First, the objective of our meta-analysis was to assess
allograft survival outcome. Thus, we did not evaluate
the safety and adverse outcomes of RAS inhibitors in
kidney transplant recipients. However, some of the
safety outcomes have already been studied in previous
meta-analyses.??2 Second, the majority of the included
studies did not have available kidney allograft biopsy
information, and consequently the cause of allograft
dysfunction and/or failure was not known. Hence,
even though RAS inhibitors did not provide a protective
allograft benefit in the general transplant patient
population, it is still possible that they may have a role
in specific transplant subgroups such as post-transplant
diabetes or recurrent/ de novo glomerular diseases after
transplantation.®! Further study is needed. Finally,
although the findings from our meta-analysis do not
support a potentially important treatment effect, there is
no data to suggest that RAS inhibitors should be avoided
in kidney transplant patient populations.

In summary, this meta-analysis shows no significant
reduced risk of allograft loss or mortality among renal
transplant recipients treated with RAS inhibitors. Future
studies that incorporate kidney allograft histology
are required to evaluate if RAS inhibitors can provide
potential benefits on long-term allograft survival in
certain kidney transplant patient populations.
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