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Abstract: (1) Background: Treatment of dyslipidemia via statin therapy in the non-liver transplant
(LT) population is associated with a mortality benefit; however, the impact of statin therapy in
post-LT population is not well-defined. This meta-analysis seeks to investigate the safety and efficacy
of statin therapy in post-LT patients. (2) Methods: A systematic literature search on Medline and
EMBASE database was conducted. A single-arm proportional meta-analysis and conventional pair-
wise meta-analysis were performed to compare different outcomes with a random effects model.
(3) Results: A total of 11 studies were included in this study, with 697 LT recipients identified to
be on statin therapy. Statins were underutilized with only 32% (95% CI: 0.15-0.52) of 1094 post-LT
patients on therapy. The incidence of adverse events of 14% (95% CI: 0.05-0.25) related to statin
therapy was low. A significant mortality benefit was noted in patients on statin therapy with
HR = 0.282 (95% CI: 0.154-0.517, p < 0.001), and improved lipid profiles post LT. The use of statins
also significantly decreased odds of graft rejection (OR = 0.33; 95% CI: 0.15-0.73) and hepatocellular
carcinoma (HCC) recurrence (HR = 0.32, 95% CI: 0.11-0.89). (4) Conclusions: Statin therapy is safe
and efficacious in post-LT patients. Future studies to evaluate the effects of interactions between
statins and immunosuppressant therapy are warranted.

Keywords: hyperlipidemia; post-liver transplant; statin; graft rejection

1. Introduction

Hyperlipidemia in post-LT patients is a common complication, occurring in 27-71%
of liver-transplant recipients [1-3], and is an important risk factor for cardiovascular
disease (CVD). The risk of cardiovascular (CVS) events in post-LT patients was found
to be approximately 64% higher than in the general population [4] and was associated
with non-raft-related morbidity and mortality in liver-transplant patients [5,6]. In addi-
tion, hyperlipidemia is also associated with impaired graft function and reduced graft
survival [3,7]. Hence, early and effective management of hyperlipidemia is important in
preventing CVD and graft dysfunction [3].

While statins have been proven safe in the general population [8], this remains un-
clear in the setting of transplant patients, with several observational studies showing
varied results in outcomes such as mortality and adverse reactions [9-11]. Statins are 3-
hydroxy-methylglutaryl coenzyme A reductase (HMG-CoA) inhibitors widely prescribed
to treat hyperlipidemia by reducing the rate limiting step in cholesterol biosynthesis, and
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one of the major limitations of the drug lies in its metabolism by cytochrome P4503A4
with potential interactions with calcineurin inhibitors, the backbone of liver-transplant
immunosuppression [6,12]. Given the fear of potential drug interactions, inappropriate
withholding of statins in post-LT patients with hyperlipidemia is common [13,14].

While several meta-analyses have been conducted in renal and cardiac transplanta-
tions [15-18], meta-analyses on the use of statins in liver transplants has been limited, as
statins are still withheld in post-LT patients. The disparity in the use of statins could par-
tially be attributed to the perceived increased risk of statin-induced hepatotoxicity [13,19].
This meta-analysis seeks to investigate the safety, tolerability, and efficacy of statin therapy
in reducing lipid levels and CVS events in post-LT patients.

2. Materials and Methods
2.1. Search Strategy

The review was synthesized with reference to the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) recommendations. A literature search
was conducted on 15 December 2020, and relevant publications were identified by a search
on Medline and Embase electronic databases using Boolean operators in “statin” and
“liver transplant” in conjunction with a medical librarian. The search terms included “(exp
Antilipemic Agents/or (statin* or atorvastatin or fluvastatin or lovastatin or pitavastatin
or pravastatin or rosuvastatin or simvastatin or HMG coA or fibrate* or niacin* or PSK9
or Ezetimibe or cholestyramine).tw. or lipid lowering.tw.) AND (((liver* OR hepat*) adj3
(transplant* OR graft*)).tw. or exp Liver Transplantation/)”. Identified references were
imported into Endnote X9, and duplicates were removed.

2.2. Study Selection and Extraction

The titles and abstracts of papers were screened by two authors. The inclusion criteria
comprised the use of statin in post-liver-transplant settings and included studies assessing
the utilization, adverse events and benefits of statin use. The restriction to the use of only
statin was to maintain homogeneity, and only one article used lipid-lowering medications
besides statin [20]. Randomised controlled trials, randomised cross-over trials, cohort
studies, and prospective trials were eligible for inclusion. Conference abstracts were
deemed appropriate for inclusion in this study [21,22] as recommended by the Cochrane
Group to reduce publication bias [23,24]. Duplicate articles using the same cohort of
patients in their analysis were excluded. Subsequently, data were extracted from the
relevant studies by two blinded authors. The domains extracted included the baseline
demographics (author, year, country of study, follow-up duration, sample size, age and
gender), intervention (statin name) and associated outcomes (utilization, adverse reactions,
change in cholesterol levels, CVS events, mortality, graft rejection, hepatocellular carcinoma
(HCC) recurrence and new-onset diabetes after transplantation (NODAT). The adverse
reaction of myopathy was defined as increased creatinine phosphokinase (CPK) with
pain, while myalgia/muscle cramps was defined as pain without increased CPK) [9].
Estimated values of the mean and standard deviation were derived using formulas devised
by Wan et al. and Furukawa et al. when they were not provided [25,26].

2.3. Statistical Analysis and Quality Assessment

The statistical analysis of included articles was performed with single arm propor-
tional meta-analysis and conventional pairwise analysis in random effects in RStudio (4.0.3)
(Boston, MA 02210, USA) and STATA 16.1 (College Station, Texas 77845, USA). Single
arm proportional meta-analysis was performed after a Freeman-Turkey double arcsine
transformation to stabilize the variance [27], and effect sizes were pooled by the DerSi-
monian and Laird model [28]. In the analysis of dichotomous variables, the DerSimonian
and Laird random effects model was used to pool outcomes in odds ratio (OR) [29,30].
Quantification of heterogeneity was measured using the I and Cochran Q test and a
value of <40% and p > 0.10 was considered statistically significant for heterogeneity [28].
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Regardless, all measures were pooled in random effects as a more robust measure of the
true effect compared to the fixed effect model. Publication bias was not conducted as there
were insufficient articles (k < 10) for a meaningful analysis either from funnel plots or
Egger’s/Begg’s regression [22]. When insulfficient studies were available in the analysis of
outcomes, a systematic reporting of results was deemed appropriate in the presentation of
results. Due to the largely observational nature of included studies, quality assessment of
included articles was considered with the Joanna Briggs Institute (JBI) Critical Appraisal
Tools [31]. The JBI is the most widely used tool in prevalence meta-analysis to assess
quality of included articles based on the methodology rigor and appropriate statistical
analysis [32].

3. Results
3.1. Summary of Included Articles

Based on search strategy and selection process, 915 articles were identified and
64 underwent a full-text review. At the end of the selection process (Figure 1), only
11 studies fulfilled the criteria necessary to be included in the analysis [9-11,33-40]. Of
the 11 [9-11,33-40] studies that discussed the use of statins in post-LT patients, a total of
4 articles were conference abstracts [11,36-38]. A total of 697 patients from these studies
were identified to be on statin therapy. Among the 11 studies included, 6 were conducted
in North America [9,11,33,37,38,40], 2 in Europe [34,36], 2 in Asia [10,39] and 1 [35] in
Australia. The most common statin used was pravastatin, with statins in 6 studies unde-
fined. Among the included studies, only 3 studies were included that reported mammalian
target of rapamycin (mTOR) inhibitor usage; 49 patients (5.57%) were on mTOR inhibitors.
Quality assessment score range from 4 to 11. Table 1 summarizes the characteristics of
included articles.
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Figure 1. PRISMA flow diagram of included articles.
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Table 1. Summary of Included Studies.

. Sample C C .
Author, Year Country Study Design Size/N (Statin) Mean Age/Years Medication Indication Quality
Imagawa et al., 1996 USA Prospective Cohort 98 NA Pravastatin 2 ormore coronary artery disease 7
risk factors
' LDL > 100 mg/dL (coronary artery disease
Zachoval et al., 2001 Germany Randomlzeq 16 54.75 Cerivastatin patients), LDL > 130 mg/dL (>2 risk 8
Controlled Trial factors), LDL > 160 mg/dL (<1 risk factor)
Pravastatin
. . . Persistent elevation of TC > 213 mg/dL or
Taylor et al., 2004 Australia Prospective Cohort 6 54.3 4+ 8.34 Atorvastatin LDL > 128 mg/dL
Atorvastatin,
Fluvastatin, LDL > 130 mg/dL or LDL > 100 mg/dL
Martin et al., 2008 USA Retrospective Cohort 54 NA Lovastatin, for high-risk patients or LDL > 70 mg/dL 7
Pravastatin, for very high-risk patients
Simvastatin
Randomized Risk of hypercholesteremia, cardiovascular
Mela et al., 2011 * UK . 53 NA Unspecified Statins disease and cerebrovascular disease (at the 4
Control Trial . . . o
discretion of the responsible clinician)
Atorvastatin,
Fluvastatin, Hypercholesterolemia
Cho et al., 2014 South Korea  Retrospective Cohort 41 514 £8.1 Pravastatin, P 11
i\ . (mean TC = 251 £ 52.5 mg/dL)
Pitivastatin
Rosuvastatin
Glynn et al., 2017 * USA Retrospective Cohort 37 NA Unspecified Statins Hyperlipidemia 3
Selim et al., 2017 * USA Retrospective 14 NA Unspecified Statin Diabetes mellitus and coronary 2
Cohort Study artery disease
Campbell et al., 2019 * USA Retrospective Cohort 91 NA Unspecified Statin Secondzjlry preventlgn of atherosclerotic 4
cardiovascular disease and stroke
Cho et al., 2019 South Korea  Retrospective Cohort 112 56.7 £ 6.0 Unspecified Statin NA 11
LDL > 100 mg/dL in diabetics,
Patel et al., 2019 USA Retrospective Cohort 175 55.3+£9.3 Unspecified Statin LDL > 130 mg/dL in nondiabetics or 8

TC > 200 mg/dL or known history of
cardiovascular disease

Legend: LDL low-density lipoprotein; TC total cholesterol; NA no data reported. * Conference abstracts.
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3.2. Indications and Utilization

The most common indications for statin therapy were hypercholesterolemia or the presence
of coronary artery disease (CAD) risk factors [9,10,33-35,40]. Across 4 studies [11,37,38,40], the
pooled proportion of patients with statin use in post-LT settings was 32% (95% CI: 0.15-0.52,
Figure 2) in a total of 1094 patients who were indicated for statins.

Events per
Study Events Total 100 observations Events 95%-Cl Weight
Glynn et al 2017 37 104 —.- 35.58 [26.43; 45.57] 24.9%
Selim et al 2017 14 45 — 31.11 [18.17; 46.65] 23.2%
Campbell et al 2019 91 571 15.94 [13.03; 19.20] 26.1%
Patel et al 2019 175 374 PO 46.79 [41.64;51.99] 25.9%
Random effects model 1094 g 31.70 [14.68; 51.67] 100.0%
Heterogeneity: /2 = 97%, t* = 0.0404 rrm
0515

Figure 2. Forest plot on the utilization of statins.

3.3. Adverse Events

A total of 14% (95% CI: 0.05-0.25, Figure 3) of individuals experienced an adverse
event with statin use in 443 patients. The incidence of myopathy was 2% (95% CI: 0-0.10)
in 54 patients. Myalgia/muscle cramps were experienced by 5% (95% CI: 0.02-0.08) of 364
patients. In 98 patients, the incidence of nausea and vomiting, GI side effects and pruritus
was 3% (95% CI: 0.01-0.09), 2% (95% CI: 0.01-0.07) and 1% (95% CI: 0.00-0.06), respectively.
The incidence of NODAT was 32% (95% CI: 0.20-0.47) in the 41 patients assessed, while
graft rejection had an incidence of 9% (95% CI: 0.04-0.20) in a total of 136 patients assessed.
Statins were discontinued in 13% (95% CI: 0.05-0.23) of patients, of which the majority
were due to adverse events and poor compliance.

Events per

Study Events Total 100 observations Events 95%-Cl Weight
Imagawa et al1996 & 98 & 8.16 [3.59; 15.45] 14.9%
Zachoval et al (arm 1)2001 0 16— 0.00 [0.00:20.59] 10.9%
Zachoval et al (arm 2)2001 0 16— 0.00 [0.00;20.59] 10.9%
Taylor et al2004 1 6 —— 16.67 [0.42;64.12] 7.2%
Martin et al2008 6 54 11.11 [4.19; 22.63] 14.0%
Cho et al2014 13 M e 31.71 [18.08; 48.09] 13.5%
Glynn et al 2017 20 37 — 54.05 [36.92; 70.51] 13.3%
Patel et al2019 21 175 = 12.00 [7.58;17.76] 15.4%
Random effects model 443 —— 13.61 [4.78; 25.32] 100.0%
Heterogeneity: I* = 86%, 12 = 0.0315 rmm

0515
Figure 3. Forest plot—adverse events.

Only one study reported the incidence of NODAT in post-LT patients [10]. In a
prospective study involving 264 post-LT patients without a previous history of diabetes
mellitus, incidence of NODAT was found to be significantly higher in the statin group as
compared to the non-statin group (31.7% vs. 17.6%, p = 0.03). Additionally, Mela et al.
found no significant difference in the odds of graft failure found between the statin and no
statin (OR = 0.96; 95% CI: 0.26-3.53, p = 0.96) [36].

3.4. Lipids, Cardiovascular Events and Overall Mortality

The total number of patients in this study with statin use in post-LT settings was 728.
In 177 patients, the overall mean decrease in total cholesterol (TC) levels after statin therapy
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was —25.07 mg/dL (95% CI: —81.28 to 31.153). In 92 patients, the overall mean decrease
in low-density lipoprotein (LDL) levels was —42.75 mg/dL (95% CI: —19.28 to —66.22).
The pooled analysis showed decreased all-cause mortality with statin use (HR = 0.282;
95% CI: 0.154-0.517, p < 0.001. Mela et al. found that the incidence of CVS events was
non-significantly lower in patients on statin compared to non-statin (OR = 0.45; 95% CI:
0.11-1.91, p = 0.28) [36].

3.5. Graft Rejection and HCC Recurrence

Pooled analysis of 253 post-LT patients showed significantly decreased odds (OR = 0.33;
95% CI: 0.15-0.73, p = 0.007) of graft rejection in patients on statin. Cho et al. examined
the association of statin therapy with HCC recurrence in 347 post-LT patients (statin,
n =112; no statin, n = 235) [39]. During a median follow-up duration of 44.9 months, statin
treatment was associated with significantly lower recurrence risk of HCC after adjusting
for other risk factors (HR = 0.32, 95% CI: 0.11-0.89).

4. Discussion

This systematic review and meta-analysis summarize the current evidence on the use
of statins in post-LT patients (Figure 4), in line with published data of statin use in other
solid organ transplant settings [15,16,18,41-43] (Table S1 in Supplementary Materials). In
renal transplant patients, statin use was associated with decreased lipid levels [16] as well
as a reduction in major adverse cardiac events and improved CVS mortality [42]. In the
heart transplant population, the use of statins was associated with significant reduction
in all-cause mortality, hemodynamically significant or fatal rejection, and incidence of
coronary vasculopathy [18]. In our review, statins were not only found to be safe in post-
LT patients but decreased mortality, graft rejections and HCC recurrence. Statins were
underutilized with only 32% (95% CI: 0.15-0.52) of 1094 eligible post-LT patients receiving
a statin.

Statin Use After Liver Transplant

' Adverse Reactions

Myopathy: 2% Gl side effects: 1%
Myalgia: 5% Nausea and vomiting: 3%
Pruritus: 1%

Graft Rejection: OR=0.33

(0.15-0.73), p=0.007
HCC Recurrence: HR=0.32

(0.11-0.89)

CVS Events: OR=0.45 (0.11-
1.91), p=0.28
Mortality: HR=0.282 (0.154-

0.157), p<0.001

Benefits

Figure 4. Visual illustration of statin benefits post LT.

The safety of statins was presented in a single arm analysis due to a lack of comparison
between statins and no statins, with a total 14% of patients experiencing an adverse
event. Serious adverse events including rhabdomyolysis, hepatotoxicity and acute liver
failure were not reported with statin use. Statins used outside the settings of LT can
provide a gauge on the safety profile. In the Collaborative Atorvastatin Diabetes Study of
1428 individuals given atorvastatin, the rate of statin-related adverse events was 23%. In
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a review for the U.S. Preventive Services Task Force, serious adverse events with statins
varied from 0.9% to 34% [44]. In renal transplant recipients, statins had no significant
effects on adverse events, including creatinine kinase or liver-enzyme elevation [42]. In the
heart-transplant population, Som et al. found that 12.5% of patients on statins experienced
adverse events (myalgia and myositis).

Cho et al. found increased risk of NODAT in post-LT patients with statin use [10].
In the non-transplant population, incident diabetes has also been reported before among
non-diabetic patients taking statins [45,46]. Up to 25% of LT patients experience NODAT,
and it is unclear if this is due to the statins or from confounding by patients having an
increased cardiometabolic risk at baseline, and the onset of NODAT with statin use has not
been described in other transplant studies [47].

Drug interactions are also a concern between statins and immunosuppressants in
transplant patients [9,34,35]. Cyclosporine, a calcineurin inhibitor (CNI), was implicated
previously in 2011 when the U.S. Food and Drug Administration (FDA) issued a warning
regarding drug—drug interactions with statins, resulting in significant changes in statin
prescription practices for dyslipidemic transplant recipients [48]. Tacrolimus, also a CNI,
has largely replaced cyclosporine in this domain; despite several clinical guidelines still
advising dose adjustments for both CNIs [48], tacrolimus appears to be a much safer option
due to the lack of drug interactions with statins [48,49].

Several studies substantiated the reduced incidence of CVS events and mortality with
the use of statins [8,44]. In our meta-analysis, statin use was associated with decreased
mortality rate post LT. Our results, however, did not find a significant reduction in CVS
events with the use of statins [36], which is likely due to the small sample size reported in
only one study [36]. Concordantly, studies in the renal and heart transplant setting have
found that statins were associated with reduced CVS events [18,41,42] and reduction in
mortality [15,18,42].

The odds of graft rejection and HCC recurrence were found to be decreased with the
use of statins. Lower graft-rejection rates were also found to be significant in the renal
transplant [15] and cardiac transplant [18] populations. Cho et al. reported that the use of
statins (n = 347) was associated with a decreased risk of HCC recurrence. A meta-analysis
estimated that up to 13% of HCC recurrence occurs after liver transplant [50]. Statins
have been closely associated with anti-cancer properties, with antiproliferative, apoptosis
induction and anti-invasive effects [39]. These properties may contribute to the observed
benefit [51].

Strengths and Limitations

To our knowledge, this is the first review that summarizes the evidence of statin use
in LT. We found that statins can be associated with decreased mortality, graft rejection and
HCC recurrence without increasing the complications rate. However, this meta-analysis
has some potential limitations. First, there were a limited number of studies available in
LT. As such, only 11 articles were included, and a majority of these were retrospective
studies. Due to the paucity of available data, we were unable to study the relationship
between immunosuppressants and statins in post-LT patients, and the relationship between
HCC and statin use was only reported in one study, as was the risk of NODAT. Next, the
relationship between graft rejection and statin use might be confounded, as graft rejection
mostly occurs in the first month post LT [52], but the average time to initiation of statins
was beyond 1 month in studies included [11,37]. Third, indications for initiating statins in
post-LT patients are varied, including high LDL level and the presence of diabetes mellitus,
despite the increased risk of cardiovascular disease being the main reason. Next, a majority
of the articles had incomplete data on patient follow-up and lacked strategies to address
confounding, which limited our quality assessment. Moreover, our analysis of cholesterol
change resulted in a wide 95% CI (—81.28 to 31.15). Despite the range crossing 0, statistical
significance is not associated with this parameter due to the lack of comparison in this
single-armed analysis. Nonetheless, the wide CI could be a result of a lack of studies and
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small sample size. Lastly, we were unable to compare the use of different classes of statins
(namely, hydrophilic and lipophilic) in the post-LT population due to the limited number
of studies.

5. Conclusions

Preliminary evidence shows that statins appear to be safe and efficacious in the
post-LT population, with added benefits such as reduced mortality, HCC recurrence and
graft rejection. However, more high-quality, large-scale studies are needed to explore the
possibility of development of NODAT with statin therapy. In addition, the effects of drug
interactions of statins with immunosuppressants should be further evaluated.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/transplantology2030025/s1, Table S1: Summary of meta-analyses.
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