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ABSTRACT

Background: Post-transplant immunosuppression with calcineurin inhibitors (CNIs) is associated with kidney function impairment
while mammalian target of rapamycin (mTOR) inhibitors, such as everolimus, can be used for its renal-sparing effects. In this study,
we compared the efficacy and safety of everolimus with low dose tacrolimus (EVR+Low TAC) and conventional dose tacrolimus
(TAC) in liver transplantation recipients. Methods: Medical records of recipients who received liver transplantation at Seoul
National University Bundang Hospital from January 1st 2009 to December 3 1st 2018 were retrospectively reviewed. Cohort entry
date was defined as the day everolimus was initiated and tacrolimus dosage was reduced. All patients were followed up for 1 year.
Indicator of efficacy was the incidence of rejection and safety was evaluated by incidence of drug adverse events including renal
function. Results: Among 118 patients, there were 40 patients (33.9%) in EVR+Low TAC group. Incidence of rejection, including
both biopsy proven acute rejection and clinical rejection, was similar in two groups [7.5% (n=3) vs. 6.4% (n=5), p=1.000]. Renal
dysfunction was less frequent in EVR+Low TAC [17.5% (n=7) vs. 35.9% (n=28), p=0.038]. However, incidence rates of
dyslipidemia, oral ulcer were more frequent in EVR+Low TAC [45.0% (n=18) vs. 21.8% (n=17), p=0.009; 15.0% (n=6) vs. 1.3%
(n=1), p=0.006]. Conclusions: In terms of prevention of rejection, EVR+Low TAC was as effective as TAC and had renal-sparing
effect but was associated with increased risk of dyslipidemia and oral ulcer. This study demonstrates that EVR+Low TAC could be
an alternative to liver transplant recipients with nephrotoxicity after administration of conventional dose tacrolimus.
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Fig. 1. Flow chart of study population selection
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Table 1, Baseline characteristics of the study population: everolimus with low dose tacrolimus group and conventional dose tacrolimus group

Characteristics EVR+Low TAC (N=40) TAC (N=78) p-value

Sex, male, n (%) 34 (85.0) 54 (69.2) 0.063
Age, meantSD 51.749.4 53.7+8.4 0.245
Height, cm, mean+SD 167.5£8.3 165.1£8.7 0.152
Weight, kg, mean+SD 67.9+11.8 65.8+10.5 0.329
BMI, kg/m?, mean+SD 24.1£3.5 24.1+3.4 0.994
Type of LT, n (%) 0.864

LDLT 25 (62.5) 50 (64.1)

DDLT 15 (37.5) 28 (35.9)
Indication for LT, n (%) 0.768

Hepatitis B 20 (50.0) 42 (53.8)

Hepatocellular carcinoma 21(52.5) 37 (47.4)

Alcoholic liver cirrhosis 10 (25.0) 18 (23.1)

Wilson’s disease 1(2.5) 3(3.8)

Hepatitis C 12.5) 4(5.1)

Others** 8(20.0) 6(7.7)
MELD score, mean+SD 18.7+14.0 18.6+10.3 0.970
Comorbidities, n (%)

Hypertension 10 (25.0) 19 (24.4) 0.939

Diabetes mellitus 14 (35.0) 21 (26.9) 0.363

Dyslipidemia 2(5.0) 1(1.3) 0.265
Renal function, mean+SD

Creatinine, mg/dL 1.4+0.8 1.1£0.5 0.013*

eGFRT, mL/min/1.73 m? 69.4+34.9 77.6£31.3 0.199

EVR+Low TAC: everolimus+low dose tacrolimus cohort
TAC: conventional dose tacrolimus cohort

SD: standard deviation

LT: liver transplantation

LDLT: living donor liver transplantation

DDLT: deceased donor liver transplantation

MELD: model for end-stage liver disease

*p<0.05

**QOthers: autoimmune hepatitis, fulminant hepatitis, primary biliary cirrhosis, toxic liver disease, hepatitis E
feGFR by MDRD: estimated glomerular filtrated-modification of diet in renal disease
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Table 2. Usage of immunosuppressants: everolimus with low dose tacrolimus group and conventional dose tacrolimus group

EVR+Low TAC (N=40) TAC (N=78) p-value
Time between cohort entry and transplant date, n (%) 0.693
23-28 days 2(5.0) 3(3.8)
29-180 days 12 (30.0) 30 (38.5)
181-365 days 12 (30.0) 23(29.5)
>366 days 14 (35.0) 20 (25.6)
Induction, n (%) 0.848
Basiliximab 34 (85.0) 66 (84.6)
Rituximab 8(20.0) 13 (16.7)
Neither 1(2.5) 1(1.3)
Concurrent usage of MMF, n (%)
Cohort entry date 28 (70.0) 62 (79.5) 0.251
1 year after cohort entry date 18 (45.0) 44 (56.4) 0.240
Tacrolimus level, ng/mL, meantSD
Cohort entry date 7.3+3.7 8.0+3.3 0.287
1 year after cohort entry date 3.3£2.1 6.74£3.6 0.000*

EVR+Low TAC: everolimus+low dose tacrolimus cohort
TAC: conventional dose tacrolimus cohort

MMF: mycophenolate mofetil

SD: standard deviation

*p<0.05
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Table 3. Incidence of adverse events: everolimus with low dose tacrolimus group and conventional dose tacrolimus group

EVR-+Low TAC (n=40) TAC (n=78) p-value

Incidence of adverse events

Infection, n (%) 7(17.5) 14 (17.9) 0.952

Oral ulcer, n (%) 6 (15.0) 1(1.3) 0.006*
Gastrointestinal disorder, n (%)

Diarrhea 10 (25.0) 12 (15.4) 0.204

Nausea 8(20.0) 13 (16.7) 0.654
Neutropenia, n (%) 18 (45.0) 25(32.1) 0.167
Grade 111 neutropenia, n (%) 4 (10.0) 13 (16.7) 0.329
New onset or progression of disease

Hypertension, n (%) 11 (27.5) 14 (17.9) 0.229

Diabetes mellitus, n (%) 9(22.5) 19 (24.4) 0.822

Decrease of renal function, n (%) 7(17.5) 28 (35.9) 0.038*

Recurrence of HCC, n (%) 2 (5.0 1(1.3) 0.265

Dyslipidemia, n (%) 18 (45.0) 17 (21.8) 0.009*

EVR+Low TAC: everolimus+low dose tacrolimus cohort
TAC: conventional dose tacrolimus cohort

HCC: hepatocellular cancer

*p<0.05

Table 4, Comparison of renal function: everolimus with low dose tacrolimus group and conventional dose tacrolimus group

Renal function EVR+Low TAC (n=40) TAC (n=78) p-value

Creatinine mg/dL, meantSD

Cohort entry date 1.38+0.80 1.08+0.49 0.012*

1 year after cohort entry date 1.37+1.01 1.13+0.55 0.103
eGFR** meantSD

Cohort entry date 69.2+£34.9 77.9£30.6 0.184

1 year after cohort entry date 72.0£36.5 69.8+24.6 0.701
A Renal function***, mean+SD

Creatinine mg/dL -0.42+0.63 0.02+0.44 0.557

eGFR** 7.85+25.5 -6.87+26.0 0.009*

EVR+Low TAC: everolimus+low dose tacrolimus cohort
TAC: conventional dose tacrolimus cohort

SD: standard deviation

*p<0.05

*#eGFR by MDRD: estimated glomerular filtrated-modification of diet in renal disease, mL/min/1.73 m?
***A Renal function: renal function of cohort entry date-renal function of 1 year after cohort entry date
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