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a b s t r a c t 

Background: Routine use of delayed reduced-dose calcineurin-inhibitor treatment with induction im- 

munosuppression in liver transplantation to minimize post-operative kidney injury is still scarce. 

Aim: To evaluate real-world experience of basiliximab induction with delayed reduced-dose tacrolimus. 

Methods: In a retrospective cohort study, kidney function was evaluated pre- and postoperatively by mea- 

sured glomerular filtration rate (mGFR). Adult patients undergoing liver transplantation between 20 0 0 

and 2017 were divided into a conventional treatment group (immediate-introduction of tacrolimus, tar- 

get trough levels 10–15 ng/mL, and corticosteroids, n = 203) and a revised treatment group (basiliximab 

induction, reduced-dose tacrolimus, target through levels 5–8 ng/mL, delayed until day three, and my- 

cophenolate mofetil 20 0 0 mg/day, n = 343). 

Results: Mean mGFR was similar between groups at wait-listing (85.3 vs 84.1 ml/min/1.73m ², p = 0.60), 

but higher in the revised treatment group at 3 (56.8 vs 63.4 ml/min/1.73m ², p = 0.004) and 12 months 

post-transplant (60.9 vs 69.7 ml/min/1.73m ², p < 0.001); this difference remained after correcting for mul- 

tiple confounders and was independent of pre-transplant mGFR. In the revised treatment group, biopsy 

proven acute rejection rate was lower (38% vs. 21%, p < 0.001), and graft-survival better ( p = 0.01). 

Conclusion: Basiliximab induction with delayed reduced-dose tacrolimus is associated with less kidney 

injury when compared to standard-dose tacrolimus, without increased risk of rejection, graft loss or 

death. 

© 2021 The Authors. Published by Elsevier Ltd on behalf of Editrice Gastroenterologica Italiana S.r.l. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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. Introduction 

Chronic renal failure is an important factor affecting outcome 

fter liver transplantation (LT), present in 15–30% of patients af- 

er 5 years [ 1 , 2 ]. Post-transplant kidney function evaluated at 1

ear, or as early as at 3 months, is associated with long-term renal 

utcome [3–5] . Several pre-, intra-, and post-LT factors are known 

o affect kidney function, and immunosuppressive treatment with 

alcineurin inhibitors (CNI) has been associated with both acute 

nd chronic kidney injury [6] . A dose-dependent afferent arteriolar 

asoconstriction is the main driver of acute CNI nephrotoxicity and 

an be ameliorated by CNI dose reduction. Chronic CNI nephrotox- 
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city is controversial, but is thought to result from a combination 

f CNI-associated hemodynamic changes and a direct toxic effect 

6] . 

Induction immunosuppression has been shown to reduce acute 

ellular rejection, i. e. T-cell-mediated rejection, in kidney trans- 

lantation [7] but in LT, with a lower incidence of acute cellular 

ejection, the benefit was initially not as clear [8] . In 2010, Cai 

t al. showed that induction therapy in LT was related to improved 

raft and patient survival up to 5 years post-LT [9] . The only non-

epleting induction therapy (NDI) currently on the market is basil- 

ximab, a chimeric anti-CD25 (IL-2 receptor) monoclonal antibody 

hat selectively targets activated T-cells with a sustained effect for 

–2 months after administration [10] . 

In the early 20 0 0s, several single-center clinical trials suggested 

hat NDI therapy and delayed introduction of CNI, or immediate 

ow-dose CNI, in patients with pre-operative kidney dysfunction, 
rologica Italiana S.r.l. This is an open access article under the CC BY license 
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mproves post-operative renal function with a similar or lower in- 

idence of acute cellular rejection [ 11 , 12 ]. Randomized clinical tri- 

ls followed, using NDIs (daclizumab or basiliximab) with delayed 

educed-dose CNI after LT, only including patients without signif- 

cant kidney dysfunction pre-operatively. Early kidney injury was 

educed [13] and renal function remained the same [14] or im- 

roved at 1 year compared to standard-dose tacrolimus and cor- 

icosteroids administered immediately post-LT. There were no ad- 

erse effects on rejection rates or patient survival [14–17] . Never- 

heless, reduced-dose CNI without delayed introduction failed to 

ignificantly reduce nephrotoxicity [15] . A later study, using NDI 

nd delayed introduction of CNI in patients with early post-LT re- 

al insufficiency could not show any association between the level 

f achieved post-LT renal recovery prior to delayed CNI initiation 

nd renal outcomes [18] . In 2019 [19] , a study on patients with

enal insufficiency pre-transplant or acute kidney injury on post- 

perative day one (POD 1) the renal sparing protocol using NDI 

nd delayed introduction of CNI could not show a reduced cu- 

ulative probability of advanced (stage 4–5) chronic kidney dis- 

ase. These trials evaluated kidney function using serum creatinine 

r estimated glomerular filtration rate (eGFR), both of which have 

everal known limitations in this context [20–23] . Also, the renal 

enefit observed seemed to be partly dependent on which specific 

quation was being used to estimate GFR [13–15] . Importantly, re- 

orts of post-trial real-world experience with these protocols are 

carce, and the use of NDI with delayed-onset CNI is still uncom- 

on [16] . 

In Gothenburg, the immunosuppression protocol was changed 

n 2010 for all LT patients to a regimen with routine basiliximab 

nduction and delayed-onset of reduced-dose tacrolimus (TAC). We 

ave a long tradition of performing routine direct measurements 

f GFR by chrome-EDTA or iohexol-clearance [ 24 , 25 ] in all trans-

lanted patients both before and after LT. 

In this study we report the effects on kidney function, rejec- 

ion episodes, and survival rates of our real-world experience with 

asiliximab induction and delayed-onset reduced-dose TAC given 

outinely to all patients undergoing LT regardless of pre-transplant 

idney function. We compare this protocol to the previous one 

ith immediate standard-dose TAC and adjust for multiple con- 

ounders. 

. Methods 

.1. Study population 

This was a retrospective single-center cohort study of patients 

ho underwent LT in Gothenburg, Sweden, in 20 0 0–2017, when 

ll organ donations were after brain death. Patients were identi- 

ed using the Nordic Liver Transplant Registry (NLTR), which keeps 

ecord of all LT patients in the Nordic countries. The study was ap- 

roved by the regional ethical review board in Gothenburg (diary 

umber 048–13). 

Inclusion criteria were age 18 years and older, LT between 20 0 0 

nd 2017 at Sahlgrenska University Hospital, Gothenburg, Swe- 

en. Exclusion criteria were missing data on wait-listing (base- 

ine) mGFR or at both 3 and 12 months post-LT ( n = 207; pa-

ients were included if only either 3 or 12 months mGFR was miss- 

ng), split or reduced graft or auxiliary LT ( n = 73), ABO incom- 

atibility ( n = 35), multi-visceral transplantation ( n = 14), domino 

T ( n = 14), combined liver and kidney/heart/lung transplantation 

 n = 14) or prior non-liver transplantation ( n = 6). 

.2. Treatment regimens 

The patients were grouped according to the treatment proto- 

ol used at the time of transplantation into either a conventional 

roup or revised group. 
1077 
The conventional treatment group included patients undergoing 

T between 20 0 0 and 20 07 receiving TAC (immediate release for- 

ula) and prednisolone from POD 0 with TAC trough levels of 10–

5 ng/mL in the first 2 months and thereafter 5–10 ng/mL. Pred- 

isolone was initiated at 200 mg/day, and then tapered stepwise to 

0 mg/day on POD 4 and to 5 mg/day at 3 months. Mycophenolate 

ofetil (MMF) was only added in case of impaired renal function 

r in case of graft rejection. In the transitional period of 2008–

009, the patients undergoing LT received an immunosuppressive 

rotocol according to the clinician ́s judgement and could therefore 

eceive the conventional protocol or induction therapy with NDI. 

he protocol for CNI use under NDI was not standardized during 

his time period. Therefore, we excluded these patients from the 

nalysis. The revised treatment group included patients undergoing 

T in 2010–2017 receiving NDI (basiliximab) administered 20 mg 

ntravenously on POD 0 and 4. Standard protocol consisted of TAC 

immediate release formula), initiated on POD 3, with trough levels 

f 5–8 ng/mL for 3 months, and 3–5 ng/mL thereafter, and MMF 

0 0 0 mg twice daily, with dose-reduction in case of side-effects. 

ll patients also received 10 0 0 mg of methylprednisolone intraop- 

ratively. In primary sclerosing cholangitis and autoimmune hep- 

titis, the maintenance protocol also included oral steroids, initi- 

ted at 20 mg of prednisolone on POD 1 and tapered stepwise to 

 mg after 3 months. All other patients were steroid free post-LT. 

.3. Data collection 

From the NLTR and patient records, we collected data on 

erum creatinine and bilirubin, international normalized ratio 

INR), mGFR, model for end-stage liver disease (MELD) score, body 

ass index (BMI), all from the time of wait-listing (baseline) and 

he day of transplantation, and cold ischemia time (CIT) and intra- 

perative blood loss. 

.4. Evaluation of kidney function 

Pre- and post-operative direct measurements of GFR was per- 

ormed by chrome-EDTA or iohexol-clearance at baseline (wait- 

isting), and 3- and 12-months post-LT. For patients on dialysis at 

- or 12-months post-LT, we set the mGFR to 5 ml/min/1,73m 

2 at 

hat time-point for the purpose of statistical analyses. 

We also calculated the estimated GFR (eGFR) at baseline by 

ockcroft-Gault equation [26] and the Modification of Diet in Renal 

isease equation [27] (excluding race). 

.5. Study outcome 

The primary study outcome was mGFR at 12 months post-LT. 

econdary outcomes were mGFR at 3 months after LT, the change 

n mGFR from baseline (wait-listing) to 3- and 12-months, biopsy- 

roven acute rejection (BPAR), as well as graft and patient survival. 

oth absolute and percentage changes in mGFR were analyzed. All 

cute rejection episodes were biopsy confirmed. 

.6. Statistical analysis 

Differences in baseline characteristics between patients in the 

tudy groups were analyzed with independent or paired samples 

 -test for continuous variables, if normally distributed, or Mann- 

hitney U test if non-normally distributed, and with the Chi- 

quared test for categorical variables. The association between 

reatment protocol and renal outcomes was assessed by univari- 

te and multivariable linear regression analyses. Factors associated 

ith mGFR at 12 months post-LT with a P-value < 0.1 in univari- 

te linear regression (Supplementary Table 1) were adjusted for 

s confounders in multivariable linear regression analysis (model 1 
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Fig. 1. Flowchart of patients included from the Nordic Liver Transplant Registry (NLTR) allocated in groups according to the immunosuppression protocol implemented at the 

time of liver transplantation. Conventional treatment group (20 0 0–20 07), tacrolimus and prednisolone from POD 0, revised treatment group (2010–2017) receiving induction 

therapy with basiliximab in combination with reduced and delayed dose tacrolimus and MMF and the transitional period (20 08–20 09) in which patients received either 

the conventional or the revised treatment according to the handling physician’s discretion. mGFR = measured Glomerular Filtration rate, POD = post-operative day, MMF = 

Mycophenolate mofetil. 
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djustment). To limit collinearity, among variables with a Pearson 

orrelation coefficient of > 0.7, we chose the variable judged to be 

linically more important. Another multivariable analysis was per- 

ormed with adjustment for clinical confounders, i.e. factors that 

ave been associated with kidney function after LT in previous 

tudies [28–33] (model 2 adjustment); these comprised recipient 

ge and sex, donor age, donor BMI, alcohol-related liver disease or 

epatitis C (HCV) as primary indication for LT, mGFR at baseline, 

ntraoperative blood loss, CIT, difference ( �) between serum crea- 

inine at baseline and on the day of LT, serum bilirubin and INR 

n the day of LT, time on waiting list and hemodialysis prior to LT 

31–33] . 

Subgroup analyses were performed by baseline mGFR ( < vs. 

60 ml/min/1.73m ² [34] ), MELD score ( < vs. ≥15 and < vs. 

25 at LT day), HCV (yes vs. no), and intraoperative bleeding ( < 

s. ≥40 0 0 mL). Patient and graft survival rates were evaluated with 

aplan-Meier analysis and log rank tests. As outcome differences 

etween the groups might be confounded by a time-effect, we an- 

lyzed the possible time-effect on kidney outcomes. We divided 

alendar-time into years 20 0 0–20 03 and 20 04–20 07 (conventional 
c

1078 
roup) and 2010–2013 and 2014–2017 (revised group) to examine 

hether there was a progressive change in kidney outcomes over 

ime within each study group. 

A p-value < 0.05 was considered statistically significant. Data 

ere analyzed with IBM SPSS version 26. 

. Results 

Overall, 990 patients underwent LT during 20 0 0–2017. After 

pplying the exclusion criteria, 627 patients were included, 203 

nd 343 patients in the conventional treatment and revised treat- 

ent groups, respectively. Furthermore, the patients transplanted 

n the transitional period were excluded (81 patients) due to non- 

tandardized immunosuppression protocol. The flow of patients is 

utlined in Fig. 1 . 

Baseline recipient and donor demographics and characteristics 

re outlined in Table 1 . No difference was found in mean base- 

ine mGFR between the conventional and revised treatment groups 

85.3 and 84.1 ml/min/1.73 m ², respectively, P = 0.60). In the 

onventional treatment group, compared to the revised treatment 
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Table 1 

Baseline recipient and donor characteristics. Results are presented as mean ( ±SD) or N (%) unless otherwise specified. 

Conventional treatment ( N = 203) Revised treatment ( N = 343) P-value 

Age, years 51 (11) 54 (12) 0.006 

Male 139 (68.5%) 232 (67.6%) 0.84 

BMI, kg/m 

2 25.2 (4.5) 26.5 (4.8) 0.004 

Donor age, years 49 (17) 57 (16) < 0.0001 

Donor type N (% living) 5 (2.5%) 1 (0.3%) 0.02 

Donor BMI, kg/m 

2 24.4 (3.4) 26.1 (4.5) < 0.0001 

mGFR at baseline, ml/min/1.73m 

2 85.3 (28.9) 84.1 (26.1) 0.60 

≥ 90 95 (46.8%) 152 (44.3%) 0.57 

89–60 69 (34.0%) 128 (37.3%) 0.43 

59–30 32 (15.8%) 57 (16.6%) 0.79 

< 30 7 (3.4%) 6 (1.7%) 0.21 

eGFR at baseline, ml/min (CG) 95.8 (39.9), N = 161 108.2 (46.2), N = 343 0.004 

eGFR at baseline, ml/min/1.73m 

2 (MDRD) 80.8 (35.4), N = 200 87.6 (34.1), N = 343 0.03 

Intraoperative blood loss, liters a 5.0 (2.5, 8.4) 2.4 (1.1, 4.2) < 0.0001 

Cold ischemia time, hours a 9.0 (7.3, 11.5) 7.2 (6.1, 9.2) < 0.0001 

Creatinine LT-day , μmol/L 95.1 (49.8) 87.3 (49.2) 0.08 

�Creatinine baseline Creatinine LT-day , μmol/L b 1.6 (42.2) 6.5 (41.1) 0.19 

Bilirubin LT-day , μmol/L b 90.4 (120) 89.8 (142) > 0.99 

INR LT-day 
b 1.4 (0.4) 1.6 (0.8) 0.001 

Hemodialysis LT-day 3 (1.5%) 5 (1.5%) 0.93 

Waiting list time, days a 29.0 (13, 67) 57 (23.0, 121) < 0.0001 

MELD score baseline 
a 13.5 (10.6, 17.9) 13.2 (9.4, 17.8) 0.38 

MELD score LT-day 
a 14.7 (10.8, 19.5) 13.5 (10.1, 18.5) 0.31 

Primary indication for LT: 

Acute liver disease 1 (1%) 8 (2%) 0.10 

Metabolic liver disease 5 (3%) 12 (4%) 0.62 

Cryptogenic cirrhosis 16 (8%) 27 (8%) > 0.99 

Autoimmune liver disease 10 (5%) 17 (5%) > 0.99 

HCV 37 (18%) 87 (25%) 0.055 

Cholestatic liver disease 64 (32%) 85 (25%) 0.09 

Alcohol-related liver disease 41 (20%) 82 (24%) 0.32 

HCC c 31 (15%) 122 (36%) < 0.0001 

Conventional treatment group (20 0 0–20 07), tacrolimus and prednisolone from POD 0, revised treatment group (2010–2017) receiving induction therapy with 

basiliximab in combination with reduced and delayed dose tacrolimus and MMF. IQR = interquartile range, SD = standard deviation, baseline = during evaluation 

for liver transplantation, BMI = body mass index, mGFR = measured glomerular filtration rate, eGFR = estimated glomerular filtration rate, CG = Cockcroft-Gault 

equation, MDRD = Modification of Diet in Renal Disease-equation, LT-day = day of liver transplantation, MELD = model for end stage liver disease, Acute = viral 

and toxic acute liver failure, Metabolic = NAFLD, Wilson, Cryptogenic = cryptogenic cirrhosis, Autoimmune = autoimmune hepatitis, Cholestatic = primary biliary 

cirrhosis, primary sclerosing cholangitis, choledochal cyst, secondary biliary cirrhosis, HCV = , hepatitis C, HCC = Hepatocellular carcinoma. 
a presented as median (IQR) liters. 
b �Creatinine baseline - Creatinine LT-day ; median (IQR) μmol/L: 1( −4.5, 9) vs. 3( −5, 11.3), p = 0.403, Bilirubin LT; median (IQR) μmol/L: 49 (21, 110) vs. 33 (18, 91), 

p = 0.049, INR LT-day ; median (IQR): 1.3 (1.1, 1.5) vs. 1.4 (1.2, 1.7), p = 0.09. 
c patients with HCC may also have another etiology of liver disease. 
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roup, mean recipient age (51 vs. 54 y, p = 0.006), recipient BMI 

25.2 vs. 26.5 kg/m 

2 , p = 0.004), donor age (49 vs. 57 y, p < 0.001),

nd donor BMI (24.4 vs. 26.1 kg/m 

2 , p < 0.001) were lower, while

ntraoperative blood loss (median 5.0 vs. 2.3 L, p < 0.001) was 

igher and CIT longer (median 9.0 vs. 7.2 h, P < 0.001). Frequencies 

f hepatocellular carcinoma (HCC) (15% vs. 36%, p < 0.001) and HCV 

18% vs. 25%, p = 0.04) were lower, although 30% vs. 83% ( p < 0.001)

f patients with HCV also had HCC as primary indication for LT. 

umbers of missing data are reported in Supplementary Table 2. 

.1. Renal outcomes 

Mean mGFR at baseline was lower in both the conven- 

ional and the revised treatment groups compared to eGFR, 

sing the Cockcroft-Gault equation (83.4 vs. 95, 83.7 vs. 

08.2 ml/min/1.73m 

2 , both p < 0.001). When using the Modifica- 

ion of Diet in Renal Disease equation, the mean mGFR was also 

ower than the mean eGFR in the revised treatment group (84.1 vs. 

7.6 ml/min/1.73m 

2 , p = 0.015), but no difference was found in the 

onventional group (84.9 vs. 80.8 ml/min/1.73m 

2 , p = 0.075). 

Mean mGFR at both 3- (56.8 vs 63.4 ml/min/1.73m ²; p = 0.004) 

nd 12-months post-LT (60.9 vs 69.7 ml/min/1.73m ²; p < 0.001) 

ere significantly higher in the revised treatment group ( Fig. 2 ). 

he absolute decline in mean mGFR from baseline to 3 months 

 −27.4 vs −20.9 ml/min/1.73m ²; p = 0.005), and from baseline to 

2 months ( −25.1 vs −14.8 ml/min/1.73m ², p < 0.001) post-LT were 
1079 
oth significantly lower in the revised treatment group ( Table 2 ). 

here was no difference in the need for hemodialysis between the 

onventional and revised treatment group at 3- (4 [2%] vs 3 [0.9%], 

 = 0.19) or 12-months (2 [1%] vs 1 [0.3%], p = 0.27) post-LT. How-

ver, the frequency of mGFR < 30 ml/min/1.73m 

2 was higher in the 

onventional treatment group at both 3- (19 [11.7%] vs 16 [5.1%], 

 = 0.009) and 12-months (15 [8.6%] vs 9 [2.9%], p = 0.006) post- 

T. 

By univariate linear regression analysis, factors associated with 

2-months mGFR at the pre-selected p-value of < 0.1 were recipi- 

nt age, sex, alcohol-related liver disease, HCC, mGFR at baseline, 

ntraoperative blood loss, CIT, creatinine on the day of LT, time on 

he waiting list, and hemodialysis prior to LT (Supplementary Ta- 

le 1); these factors were adjusted for in model 1. In multivariable 

inear regression analysis adjusted for either model 1 or model 2 

actors, baseline mGFR did not differ between groups, but accord- 

ng to both adjustment models mGFR were higher in the revised 

reatment group at 3- and 12-months post-LT ( Table 2 ). 

.2. Subgroup analyses 

In the subgroup of patients with baseline mGFR 

60 ml/min/1.73m ², mean mGFR at both 3- (61.3 vs. 

7.3 ml/min/1.73m 

2 , p = 0.017) and 12-months (64.8 vs. 

3.5 ml/min/1.73m 

2 , p = 0.0 0 02) post-LT were higher in the 

evised treatment group. Similarly, in the subgroup of patients 
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Fig. 2. Comparison of unadjusted mean mGFR values between conventional and revised treatments groups at different time points. Time point zero is transplantation day. 

mGFR = measured glomerular filtration rate, LT = liver transplantation. 
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ith mGFR < 60 ml/min/1.73m ², a higher mean mGFR was found 

n the revised treatment group (44.4 vs. 53.8 ml/min/1.73m 

2 , 

 = 0.03) at 12 months post-LT ( Table 3 and Supplementary figure 

). When evaluated as percentage change in mean mGFR in the 

ubgroup with baseline mGFR ≥60 ml/min/1.73m ², the decline was 

ess pronounced from baseline to 3- and 12-months post-LT in the 

evised treatment group ( −34.9% vs −26.3%, and −30.8% vs 19.4%, 

espectively, both p < 0.001). However, a similar effect was not seen 

n the subgroup with baseline mGFR < 60 ml/min/1.73m ², neither 

t 3- nor at 12-months post-LT (8.9% vs −0.7%, p = 0.45; 5.8% vs. 

7.5%. p = 0.36, respectively; Fig. 3 ). 

In further subgroup analyses, the decrease in mGFR from base- 

ine to 12 months post-LT was worse in the conventional treat- 

ent group, both when stratified by a MELD score of 15 (MELD 

 15; −25.6% vs. −15.4%, p = 0.006, MELD ≥15; −25.2% vs. −9.3%, 

 = 0.03), MELD score below 25 ( −25.3% vs. −14.2%, p = 0.003), 

lood loss of less than 4 liters ( −25,8% vs. −11.6%, p = 0.006), and

CV (HCV, −28.2% vs. −14.8%, p = 0.02; no HCV, −23.2% vs. −12%, 

 = 0.004) as shown in Supplementary figures 2–5. 

After availability of direct-acting antiviral (DAA) treatment of 

CV in 2013, 31 HCV patients were HCV-PCR-negative at LT and 

6 were HCV-PCR-positive, of whom 13 received DAA therapy 

ost-LT and 8 became negative by 12 months, while 48 were 

till HCV-PCR-positive. The decline in mGFR from baseline to 12 

onths post-LT was similar in HCV-negative patients and in pa- 

ients who became HCV-PCR-negative by 12 months ( −20.0 vs. 

29.0 ml/min/1.73m ², p = 0.28), and in those who were still 

CV-PCR-positive at 12 months ( −20.0 vs. −12.8 ml/min/1.73m ², 
 = 0.16), Supplementary Table 3. Successful DAA treatment be- 

ore LT had no effect on graft survival ( p = 0.22, Supplementary 

gure 6). 

6  

p
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.3. Effect of transplantation periods 

No significant difference in mGFR development from base- 

ine was found within the conventional treatment group, when 

omparing the time periods 20 0 0–20 03 and 20 04–20 07, at 3- 

 −27.4 vs. −27.3, p > 0.99) or 12-months post-LT ( −25.1 vs. −25.1, 

 > 0.99). The same was true within the revised treatment group 

hen comparing the time periods 2010–2013 and 2014–2017 at 3- 

 −19.7 vs. −22.0, p = 0.39) or 12-months post-LT ( −13.3 vs. −15.9, 

 = 0.32) (Supplementary figure 7). Therefore, no time-effect bias 

as seen within the study groups. 

.4. Survival 

Patient survival rates in the conventional versus the revised 

reatment group were 97% vs. 99% at 1 year and 84% vs. 87% at 5

ears post-LT; Kaplan-Meier analysis showed no difference in pa- 

ient survival between groups ( p = 0.16) (Supplementary figure 8). 

he major causes of death within 10 years post-LT in the conven- 

ional and the revised treatment groups were cancer 49% vs. 61%, 

ardiovascular disease 11% vs. 12% and infection 8% vs. 6%. Graft 

urvival rates were higher in the revised treatment group; 91% vs. 

7% at 1 year and 75% vs. 84% at 5 years post-LT, p = 0.01 (Sup-

lementary figure 9). 

.5. Biopsy-proven acute rejection 

Biopsy-proven acute rejection (BPAR) was diagnosed in 170 

atients (31% of all patients) during follow-up, and 148 of these 

87%) occurred within 12 months. BPAR was more frequent in the 

onventional treatment group at both 3- (37% vs. 14%, p < 0.001), 

 (38% vs. 18%, p < 0.001) and 12-months (38% vs. 21%, p < 0.001)

ost-LT. 
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Table 2 

Comparison of mean mGFR (ml/min/1,73m 

2 ) values between conventional and revised treatment groups at different time points. 

Unadjusted Conventional treatment mean ( ±SD) Revised treatment mean ( ±SD) difference (95%CI) p-value 

mGFR baseline 85.3 (28.9) 84.1 (26.1) 1.2 ( −3.5 to 6.0) 0.60 

mGFR 3 months post-LT 56.8 (24.9) 63.4 (23.0) −6.6 ( −11.1 to −2.1) 0.004 

mGFR 12 months post-LT 60.9 (23.3) 69.7 (22.5) −8.9 (13.1 to −4.6) < 0.0001 

�mGFR baseline to 3 months post-LT −27.4 (24.2) −20.9 (22.7) −6.4 ( −10.8 to-1.9) 0.005 

�mGFR baseline to 12 months post-LT −25.1 (24.7) −14.8 (22.9) −10.3 ( −14.7 to −5.9) < 0.0001 

�mGFR 3 months to 12 months post-LT 3.1 (16.5) 5.7 (15.1) −2.6 ( −5.8 to 0.6) 0.11 

Model 1 a Conventional treatment mean (95% CI) Revised treatment mean (95% CI) mean difference (95%CI) p-value 

mGFR baseline 84.9 (81.1–88.7) 83.2 (80.6–85.8) 1.7 ( −3.1 to 6.5) 0.50 

mGFR 3 months post-LT 55.4 (51.8–59.1) 63.7 (61.4–66.1) −8.3 ( −12.9 to-3.7) 0.0004 

mGFR 12 months post-LT 59.6 (56.3–63.0) 69.7 (67.5–72.0) −10.1 ( −14.3 to −5.8) < 0.0001 

�GFR baseline to 3 months post-LT −28.1 ( −31.8 to −24.5) −19.8 ( −22.2 to −17.5) −8.3 ( −12.9 to −3.7) 0.0004 

�GFR baseline to 12 months post-LT −24.6 ( −28.0 to −21.3) −14.6 ( −16.8 to −12.3) −10.1 ( −14.3 to −5.8) < 0.0001 

�GFR 3 months to 12 months post-LT 4.9 (1.6–8.2) 4.9 (2.8–6.9) 0.06 ( −4.0 to 4.1) 0.98 

Model 2 b 

mGFR baseline 81.8 (75.8–87.7) 83.4 (80.5–86.3) −1.6 ( −8.6 to 5.3) 0.64 

mGFR 3 months post-LT 54.5 (49.5–59.4) 63.7 (61.4–65.9) −9.2 ( −14.8 to −3.7) 0.001 

mGFR 12 months post-LT 55.8 (51.1–60.6) 69.4 (67.1–71.7) −13.6 ( −19.0 to −8.1) < 0.0001 

�GFR baseline to 3 months post-LT −28.9 ( −33.8 to −24.0) −19.7 ( −21.9 to −17.4) −9.2 ( −14.8 to −3.7) 0.001 

�GFR baseline to 12 months post-LT −27.1 ( −31.9 to −22.4) −13.6 ( −15.9 to −11.3) −13.5 ( −19.0 to −8.1) < 0.0001 

�GFR 3 months to 12 months post-LT 4.5 (0.1–8.9) 5.2 (3.3–7.1) −0.7 ( −5.6 to 4.2) 0.77 

mGFR = measured glomerular filtration rate, baseline = during evaluation for liver transplantation, LT = liver transplantation, HCC = hepatocellular carcinoma, BMI = body 

mass index, �= difference between two time points, INR = international normalized ratio. 
a Adjusted for statistical confounders ( P < 0.1 in univariate linear regression analysis): age, sex, alcoholic liver disease or HCC as primary indication for liver transplan- 

tation, mGFR at baseline, intraoperative blood loss, cold ischemia time, s-creatinine on the day of transplantation, time on waiting list and hemodialysis pre-LT. 
b Adjusted for clinical confounders identified from the literature: recipient age, sex, BMI, donor age, donor BMI, alcoholic liver disease or Hepatitis C as primary 

indication for liver transplantation, mGFR at baseline, intraoperative blood loss, cold ischemia time, �s-creatinine (baseline-LT-day), s-bilirubin and INR on the day of 

liver transplantation, time on waiting list and hemodialysis pre-LT. 

Fig. 3. Mean change in mGFR (percent) from baseline to 3 months post-LT and to 12 months post-LT in the conventional and revised treatment groups including subgroups 

of mGFR at baseline < 60 or ≥ 60 ml/min/1.73m2. mGFR = measured glomerular filtration rate, baseline = during evaluation for liver transplantation/wait-listing, LT = liver 

transplantation, CI = confidence interval. 
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. Discussion 

The level of kidney function post-LT is associated with long- 

erm survival [ 35 , 36 ], thus preventing loss of renal function 

s clinically important. This real-world experience using mGFR 

emonstrates that NDI therapy with basiliximab and delayed- 

nset reduced-dose TAC routinely in all liver transplanted pa- 

ients irrespective of pre-transplant kidney function, is associ- 

ted with a significantly reduced deterioration in kidney function 

hen compared to standard-dose TAC, at both 3- and 12-months 

ost-LT, even after correcting for multiple confounders. In addi- 
1081 
ion, the risk of rejection, graft loss or death were not increased, 

nd we did not find confounders based on MELD score or HCV 

tatus. 

Furthermore, in the subgroup of patients with pre-LT mGFR 

60 ml/min/1.73m 

2 , the loss of renal function was smaller in 

he revised treatment group at both 3- and 12-months post-LT, 

egardless of whether change in mGFR was evaluated as abso- 

ute or percentage change. Among patients with pre-LT mGFR 

 60 ml/min/1.73m 

2 , kidney function improved from the pre-LT 

evel in the revised treatment group compared to the conventional 

reatment group at 12 months post-LT. 
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Table 3 

Subgroup analysis of baseline mGFR below or above 60ml/min/1.73m 

2 . 

baseline mGFR < 60 

Conventional treatment, n = 41 

Mean ( ±SD) 

baseline mGFR < 60 Revised 

treatment, n = 67 Mean ( ±SD) 

mean diffence (95%CI) p-value 

mGFR baseline 44.8 (14.4) 47.2 (11.4) −2.4 ( −7.4 to 2.5) 0.34 

mGFR 3 months post-LT 39.8 (13.7) 46 . 5 (19.3) −6.7 ( −14.2 to 0.8) 0.08 

mGFR 12 months post-LT 44.4 (19.1) 53.8 (21.0) −9.5 ( −18.2 to 0.8) 0.03 

baseline mGFR ≥ 60 

Conventional treatment 

n = 162 Mean ( ±SD) 

baseline mGFR ≥60 Revised 

treatment n = 276 Mean 

( ±SD) 

mean diffence (95%CI) p-value 

mGFR baseline 95.6 (21.8) 93.0 (20.1) 2.6 ( −1.5 to 6.6) 0.21 

mGFR 3 months post-LT 61 . 3 (25.3) 67 . 3 (22.0) −6.0 ( −10.9 to −1.1) 0.017 

mGFR 12 months post-LT 64 . 8 (22.5) 73 . 5 (21.2) −8.7 ( −13.2 to −4.2) 0.0002 

mGFR = measured glomerular filtration rate, baseline = during evaluation for liver transplantation/wait-listing, LT = liver transplantation, SD = standard deviation, CI = con- 

fidence interval. 
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The results from the present study are in accordance with pre- 

ious randomized studies [ 15 , 17 ] reporting that NDI with delayed 

17] and delayed reduced-dose TAC [ 13 , 15 ] reduces kidney im- 

airment post-LT, as evaluated by estimated GFR (eGFR). How- 

ver, eGFR has numerous acknowledged limitations leading to both 

ver- and underestimation of GFR. In the Respect trial [15] , the 

tudy findings depended in part on which equation was used to es- 

imate GFR. Accuracy of eGFR in patients with end-stage liver dis- 

ase depends on factors such as decreased skeletal muscle mass, 

ecreased hepatic creatine synthesis and increased tubular cre- 

tinine secretion [ 21 , 22 , 37 , 38 ]. Moreover, the immunosuppressive

edication used post-LT also affects serum creatinine and urea ni- 

rogen levels independent of GFR, thus reducing the accuracy of 

GFR in the post-LT setting [ 23 , 38 , 39 ]. In accordance with previ-

us studies [13–15] , we also evaluated eGFR at baseline by both 

he Cockcroft-Gault and the Modification of Diet in Renal Disease 

quations. There was a significant difference in mean GFR at base- 

ine, using both equations, which further supports the importance 

f correct measurement of kidney function. 

Although the advent of DAA for HCV has resulted in a decline in 

CV as a primary indication for LT during more recent years, the 

roportion of patients with HCV increased in the revised treatment 

roup. This was largely driven by HCV-related HCC. We confirmed 

he kidney benefit associated with the revised protocol in subgroup 

nalysis by HCV status irrespective of DAA treatment or treatment 

esponse. 

The strengths of our study are the real-world setting, relatively 

arge sample size and use of the gold standard measurement of 

FR to evaluate kidney function in all patients, both pre- and post- 

T. Limitations of the study include the retrospective design and 

he lack of data on some risk factors, such as hypertension and di- 

betes, for kidney impairment in the different treatment groups. 

n the revised treatment group, patients were significantly older 

nd with a higher BMI at LT which, as risk factors for perioper- 

tive kidney injury, could bias findings towards the null hypoth- 

sis; nonetheless, a significantly higher mGFR post-LT was found 

nd remained when adjusting for these confounders. A potential 

tudy limitation is the inability to evaluate the independent ef- 

ect of MMF on kidney function post-LT, the rates of BPAR or graft 

urvival in this retrospective study. MMF was used in all patients 

n the revised treatment group but only in selected patients (usu- 

lly those with renal dysfunction) in the conventional group. An- 

ther potential study limitation is the lack of data on the measured 

rough level of TAC post-LT. The trough levels aimed for at different 

ime points are known, but the registries used do not contain data 

n the actual level reached for each individual patient. However, 

he routines for measuring and prescribing TAC, despite aiming for 

ifferent trough levels, has remained unchanged over time and the 

ample size is relatively large, which should reduce potential bias. 

f

1082 
urthermore, the administration of TAC is delayed until POD 3 in 

he revised treatment group allowing for no/lower blood concen- 

ration of TAC in the perioperative period, which is shown to be 

n important factor to reduce kidney injury [15] . 

Recent Italian recommendations propose the use of induction 

herapy in LT for critically ill patients, including patients with re- 

al dysfunction, followed by MMF treatment and a reduction of 

arly post-transplant CNI through levels to 3–5 ng/mL and, from 3 

onths onward, to 2–3 ng/mL [40] . Nonetheless, there is paucity 

f studies evaluating this recommendation, as previous studies 

ostly included patients without renal impairment. 

In our study, the difference between study groups could poten- 

ially be explained by a time-effect, as factors such as improve- 

ents in surgical techniques, increased focus on minimizing peri–

perative bleeding, patient selection and so forth, likely evolved 

ver time. However, we found no evidence of a time-effect within 

either the conventional group nor within the revised group when 

tratifying these groups into smaller calendar-time periods. Conse- 

uently, we consider this finding as strong evidence for the im- 

rovement in kidney outcomes not being a mere time-effect, but 

ather due to the change in immunosuppression protocol. This is 

urther supported by multivariable confounder adjustments. 

In conclusion, this is to our knowledge the first large real-world 

xperience evaluating routine NDI therapy with basiliximab and 

elayed-onset, reduced-dose TAC using measured glomerular filtra- 

ion rate to evaluate kidney function, both pre- and post-LT for all 

tudy patients. Our study shows that this immunosuppression pro- 

ocol is associated with less kidney impairment post-LT, both in 

atients with mGFR pre-LT < 60 and ≥60 ml/min/1.73m 

2 , with a 

ower rate of BPAR and improved overall graft-survival. 
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