TR
STRANS

A ORIGINAL PAPER
-

zPLANT

> e-ISSN 2329-0358
= ATI 0 N © Ann Transplant, 2019; 24: 36-44
< DOI: 10.12659/A0T.912444

e Toreness Efficacy and Safety of Delayed Prolonged-

publihed: 201018 Release Tacrolimus Initiation in De Novo
Hepatitis C Virus-Negative Orthotopic Liver
Transplant Recipients: A Single-Center, Single-
Arm, Prospective Study

Authors’ Contribution: Bpe Laura Llado Liver Transplant Unit, University Hospital of Bellvitge, Barcelona, Spain
Study Design A BDE Ana Gonzalez-Castillo
Data Collection B
Statistical Analysis C BDE Joan Fabregat
Data Interpretation D e Carme Baliellas
Manuscript Preparation E spEe Emilio Ramos

Literature Search F

S B Emma Gonzalez-Vilatarsana

Boe Juli Busquets
BDE Xavier Xiol

Corresponding Author: Laura Lladé, e-mail: 31513llg@comb.cat
Source of support: The study and statistical analysis were funded by Astellas Pharma SA. Daniella T. Draper, PhD, CMPP, and Amy MacLucas, PhD,
from Cello Health MedErgy (Europe) assisted in drafting the manuscript under the direction of the authors, and provided editorial
support throughout the later stages of its development. Editorial support was funded by Astellas Pharma, Inc.

Background: Delaying initiation of tacrolimus after liver transplantation (LT) is a potential renal-sparing strategy. We assessed
safety and efficacy of delayed initiation of prolonged-release tacrolimus (PR-T) in de novo LT.
Material/Methods: This was a single-center, single-arm, prospective, 12-month observational study of hepatitis C virus-negative or-
thotopic LT patients. Inmunosuppression included PR-T (initially 0.1 or 0.2 mg/kg/day) initiated on Day 3 post
LT, basiliximab (20 mg) on post-transplantation Day 0 and Day 4, and intraoperative corticosteroids (500 mg).
Patients received maintenance corticosteroids and mycophenolate mofetil (MMF) according to center protocol.
MMF dose was adjusted according to thrombocyte count. The primary endpoint was the estimated glomer-
ular filtration rate (eGFR) measured using the Modification of Diet in Renal Disease 4-variable formula at 12
months. Secondary endpoints included biopsy-confirmed acute rejection (BCAR) and dialysis requirement.
Adverse events were recorded.
Results: Sixty-nine patients (mean age 55.0 years) were included. Most patients started MMF on Day 1 (60.9%) or
Day 2 (10.1%), and PR-T on Day 3 (55.1%) or Day 4 (29.0%). Mean tacrolimus trough levels (ng/mL) were:
Day 7, 9.5+6.3; Day 10, 9.4+5.4; Month 1, 8.0+3.1; Month 3, 7.8+3.7; Month 6, 8.0+4.1; and Month 12, 7.2+3.1.
Mean 12-month eGFR was 77.2+24.5 mL/min/1.73 m? 72.5% of patients had eGFR >60 mL/min/1.73 m? at 12
months; 89.9% had no eGFR measurements <40 mL/min/1.73 m? during the study. Renal insufficiency (any eGFR
<60 mL/min/1.73 m?) was diagnosed in 27.5% of patients; one patient required dialysis. There were no BCAR
episodes; the infection rate was 36.2%, and 3 patients died. Overall, 19 patients (27.5%) developed de novo dia-
betes mellitus, 18 patients (26.1%) had hypercholesterolemia, and 12 patients (17.4%) had hypertriglyceridemia.
Conclusions: Quadruple therapy with delayed administration of PR-T was well tolerated and efficacious, and was associated
with acceptable renal function over 12 months.
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Material and Methods

Advances in immunosuppression regimens after solid-organ
transplantation have significantly improved patient and graft
survival [1]. However, approximately 25% of patients experi-
ence chronic renal failure 10 years after liver transplantation
(LT) [2]. Among the many post-transplantation factors that in-
fluence kidney function, there remains concern that long-term
use of calcineurin inhibitor (CNI)-based immunosuppression
may be associated with renal function deterioration [3,4]. In
particular, ciclosporin has been shown to reduce renal blood
flow and microperfusion in kidney transplant recipients [5,6].

CNI avoidance or withdrawal after transplantation would pre-
vent development of CNI-related kidney dysfunction. However,
such strategies reduce long-term graft and patient survival [7,8],
due to inadequate rejection prophylaxis provided by other im-
munosuppressive regimens. Therefore, immunosuppression
regimens that minimize renal dysfunction have instead been
proposed [4], including delaying the initiation of CNI, and dose
reduction or minimization strategies [9].

The CNI tacrolimus has become the current mainstay of im-
munosuppression regimens in LT. It is available as immediate-
release and prolonged-release formulations, both of which
have demonstrated positive outcomes following LT [9-17].
Furthermore, the limited available data suggest that delaying
the initiation of tacrolimus may sustain renal function without
increasing the risk of transplant rejection. For example, a qua-
druple immunosuppression regimen with antibody induction,
mycophenolate mofetil (MMF), delayed immediate-release ta-
crolimus, and corticosteroids with gradual tapering, resulted in
a lower rejection rate versus standard tacrolimus-based reg-
imens, and low toxicity in hepatitis C virus (HCV)-negative LT
recipients [18,19]. Additionally, while the license recommends
commencing treatment with prolonged-release tacrolimus ap-
proximately 12-18 hours after the completion of surgery for
the prophylaxis of liver transplant rejection, delayed initiation
has been trialed. In de novo LT recipients, delaying the initia-
tion of prolonged-release tacrolimus to Day 5 post transplan-
tation resulted in significantly better renal function at Week
24 compared with administration of prolonged-release tacro-
limus immediately post transplantation [9].

As few studies have evaluated delayed initiation of prolonged-
release tacrolimus in de novo LT patients, this single-center,
single-arm study may inform clinical practice; it was conducted
to evaluate the safety, efficacy, and 12-month evolution of kid-
ney function, with delayed initiation of prolonged-release ta-
crolimus in de novo HCV-negative LT recipients.
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Study design and patients

This was an observational, single-center, single-arm, prospec-
tive study conducted at the Bellvitge University Hospital in
Barcelona, Spain, between March 2011 and December 2014.
The study was approved by the Institutional Review Board of
Bellvitge University Hospital, and was conducted in accordance
with the Declaration of Helsinki and the International Council
for Harmonisation Guidelines for Good Clinical Practice. All pa-
tients provided informed written consent.

Both LT donors and recipients were screened for HCV before
patient enrollment. The study included all consecutive HCV-
negative patients aged >18 years who had received their first
ABO-compatible LT. HCV-positive patients were excluded from
the study because the standard immunosuppression regimen
in these patients at our institution is a corticosteroid-free reg-
imen. Multiple-organ transplantation patients, those with a
prior transplantation, and those with current substance abuse
were also excluded.

Immunosuppressive treatment

All study patients received induction therapy with 20 mg of in-
travenous basiliximab on Day 0 and Day 4, and a dose of cor-
ticosteroids intraoperatively (intravenous methylprednisolone
500 mg or equivalent) during graft reperfusion. Patients re-
ceived maintenance corticosteroids and MMF according to cen-
ter protocol. The standard tapering regimen of corticosteroids
was as follows: 0.5 mg/kg/day for 5 days, 0.25 mg/kg/day un-
til the end of Month 1, and 0.14 mg/kg/day during Months 2
and 3. Patients then discontinued corticosteroids. MMF was ini-
tiated according to thrombocyte count on Day 1: 1000 mg/12
hours if >100 000, 500 mg/12 hours if 50 000-100 000, or no
MMF on Day 1 if <50 000. MMF was adjusted throughout the
study according to thrombocyte count, trough levels of pro-
longed-release tacrolimus, and adverse events, including op-
portunistic infections. Delayed prolonged-release tacrolimus
(Advagraf®, Astellas Pharma Europe BV, Netherlands) was ini-
tiated in accordance with center practice on the third day af-
ter LT at 0.2 mg/kg/day if serum creatinine levels on Day 3
were <130 umol/L. If creatinine was 130-180 pumol/L, the ini-
tial prolonged-release tacrolimus dose was reduced to 0.1 mg/
kg/day. Prolonged-release tacrolimus was further delayed if se-
rum creatinine was >180 umol/L and was initiated when serum
creatinine was <180 umol/L. Doses were adjusted in order to
maintain target trough levels of tacrolimus and to avoid un-
der- or over-immunosuppression throughout the study. Target
tacrolimus trough levels in the first 6 months were 6-8 ng/mL
if prolonged-release tacrolimus was combined with MMF, and
10-15 ng/mL if not combined. From Months 6 to 12, target
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levels were 4-6 ng/mL and 6-10 ng/mL with and without
MMEF, respectively.

Follow-up and study endpoints

Patients were followed up for 12 months after their respec-
tive LT. The baseline visit (Day 0) was the day of surgery.
Perioperative data were collected during hospital admission
at 3, 7, and 15 days after LT. Subsequent visits were sched-
uled at 1, 3, 6, and 12 months; results are also presented
for Month 2, where available. Adverse events were recorded
throughout the study and were considered serious if they re-
sulted in death, were immediately life-threatening, resulted
in persistent or significant disability/incapacity or substantial
disruption of the ability to perform normal activities, resulted
in congenital anomaly or birth defect, required inpatient hos-
pitalization, or lead to prolonged hospitalization.

Data were prospectively collected and transferred to the anon-
ymized study database. Pre-transplantation variables included
demographic and laboratory data, and clinical history related
to kidney and liver disease. Variables recorded during follow-
up included the details of the immunosuppressive regimen and
tacrolimus trough levels in serum, routine clinical and labora-
tory data, kidney function variables, concomitant treatments,
biopsy-confirmed acute rejection (BCAR) episodes and details
thereof, kidney insufficiency diagnosis (estimated glomerular
filtration rate (eGFR) <60 mL/min/1.73 m? at any point during
the study), and adverse events.

The primary outcome was kidney function at 12 months, mea-
sured by eGFR, using the Modification of Diet in Renal Disease
(MDRD) 4-variable formula. Secondary outcomes included
eGFR (MDRD-4) at 12 months stratified by tacrolimus serum
level in the first 10 days after transplantation (<5, 5-10, and
>10 ng/mL), serum creatinine level, achievement of target lev-
els of tacrolimus in serum, incidence of BCAR, need for dial-
ysis during the study period, and adverse events. The safety
analysis included parameters of special interest (diabetes, hy-
pertension, and lipid metabolism). New-onset diabetes was de-
fined by the following criteria: use of insulin for >30 consecu-
tive days, plasma glucose >200 mg/dL at any time of day with
symptoms of diabetes, fasting plasma glucose >126 mg/dL,
and/or a fasting plasma glucose >200 mg/dL after a challenge
with 75 g glucose. These criteria were confirmed on a differ-
ent day, with the same or another criterion, unless an evident
hyperglycemic decompensation became apparent.

Statistical analysis
As this study included all eligible patients in our center within

the established inclusion period (the intention-to-treat popula-
tion), sample size was not statistically determined. All efficacy
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variables were analyzed on an intent-to-treat basis, and all pa-
tients were included in the analysis of safety variables. A de-
scriptive analysis was performed, and the results subsequently
presented as mean and standard deviation (SD) for continuous
variables, and frequency and percentages for categorical vari-
ables. For analysis of the primary efficacy endpoint, patients
who discontinued treatment or were lost to follow-up were
treated as missing observations. For other variables, the last
valid value for patients lost to follow-up was carried forward
to the next time point until the end of the study. In the case
of death, missing data for these patients were excluded from
analysis. All variables were analyzed using the intention-to-
treat population.

Results

Overall, 69 patients were included (51 male; 18 female) with
mean age 55.0+9.9 years. Mean donor age was 57.3+16.7
years. Demographic and clinical data of the recipients before
transplantation and the details of donors are summarized in
Table 1. Patients had a mean pre-transplant Model for End-
Stage Liver Disease (MELD) score of 18.9+7.6, and 21.7% of
patients had a clinical history of diabetes mellitus. The aver-
age duration of patient stay in an intensive care unit imme-
diately post LT was 4.2+6.3 days, and the mean duration of
hospital admission was 15.3+11.0 days. No deaths occurred
during the immediate postoperative hospital stay.

Immunosuppression

The days of MMF and prolonged-release tacrolimus initiation
are presented in Figure 1. In most patients, MMF was initiated
between Day 1 (60.9%) and Day 2 (10.1%). By Day 10, 66 pa-
tients (95.7%) had initiated MMF, and the latest day of MMF
initiation was Day 15. Three patients (4.3%) started prolonged-
release tacrolimus on Day 2. In most patients, prolonged-release
tacrolimus was initiated between Day 3 (55.1%) and Day 4
(29.0%). In the 7 patients (10.1%) who had serum creatinine
>180 umol/L, prolonged-release tacrolimus was initiated be-
tween Day 5 and Day 10. All patients had initiated prolonged-
release tacrolimus by Day 10. Almost half of the cohort (n=33;
47.8%) followed standard 3-month treatment with mainte-
nance corticosteroids. Patients with extended corticosteroid
treatment (n=36) received maintenance corticosteroids for a
mean duration of 7.1+3.5 months.

Tacrolimus mean doses and blood levels during follow-up, and
the mean doses of MMF used during the study period are pre-
sented in Figure 2. Overall mean +SD tacrolimus trough levels
(ng/mL) were: Day 7, 9.5+6.3; Day 10, 9.4+5.4; Month 1, 8.0+3.1;
Month 3, 7.8+3.7; Month 6, 8.0+4.1; and Month 12, 7.2+3.1.
Eighteen patients (26.1%) achieved target levels of tacrolimus
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Table 1. Clinical and demographic characteristics of recipients

and donors.
Recipients N=69
© Mean D age,years 550199
 Gender,male  s1(139)
© Mean +D pre-transplant MELD score ~ 18947.6
IS\IC\EE:QiSD pre-transplant MELD-Na T
© Pre-transplantation kidney disease
"""" Hepatorenal syndrome | 5 (7.2)
"""" Hepatorenal syndrome Il 5 (72)
"""" Refractory ascites 1861
"""" History of acute kidney failure 29 (420)
"""" Chronic kidney disease 6 (87)
 clinical history
"""" Atterial hypertension 17 046)
"""" Dibetes mellitus 15017
Cponors Nee9
© MeansSD age,years 5731167
© Gendermae 3507
© MeansSDweight kg 7495138

No patients with previous surgery due to portal hypertension.
All data are n (%) unless otherwise specified. MELD — Model for
End-Stage Liver Disease; MELD-Na — Model for End-Stage Liver
Disease-sodium; SD — standard deviation.

50
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5 days after initiation, 27.5% were within target trough lev-
els at Day 10, and 49.3% at Month 1. Table 2 summarizes the
proportion of patients within the target range throughout
the study: 26.1-40.6% of patients had tacrolimus trough lev-
els above the target range at some point during the study fol-
low-up period. All patients had received MMF by Day 15. The
mean +SD dose of MMF was 1.0+0.5 g/12 hours on the day of
transplantation, increasing to 1.3+0.4 g/12 hours at 12 months.

Kidney function

Mean +SD eGFR (mL/min/1.73 m?) was 102.8+43.1 before
transplantation, decreasing to 86.8+42.3 on Day 1 post trans-
plantation, but was similar to pre-transplantation levels by
Day 3 (106.3+54.7) (Figure 3). At 1-month post transplantation,
the mean eGFR had fallen to 84.3+31.7, and had decreased
further at Month 12 (77.2+24.5) (Figure 3). At 12 months,
72.5%, 17.4%, and 5.8% of patients had eGFR >60, 40-60, and
<40 mL/min/1.73 m?, respectively. For 62 patients (89.9%), no
measurements of eGFR were below 40 mL/min/1.73 m? at any
time during the study.

There was a trend towards better renal function at Month 12,
with higher tacrolimus serum levels at Day 10 (mean +SD eGFR
71.3+27.5, 76.6+20.2, and 86.2+25.5 mL/min/1.73 m? in pa-
tients with tacrolimus serum levels of <5, 5-10, and >10 ng/mlL,
respectively). When stratified by tacrolimus serum levels of
<10 and 210 ng/mL at Month 1, mean +SD eGFR at 12 months
was 77.4+24.7 and 73.7423.2 mL/min/1.73 m?, respectively.

Overall, mean +SD serum creatinine concentration increased
from 89.9+43.4 pmol/L pre-transplantation to 114.0+74.9
pmol/L on Day 1 post transplantation, after which there was
a decrease to 85.8+38.8 umol/L by Day 7. Between Months

Figure 1. Days of initiation of PR-T and MMF.
MMF — mycophenolate mofetil;
PR-T — prolonged-release tacrolimus.

Day
10

Days
11-15
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Mean (SD) prolonged-release tacrolimus dose (mg)
Mean (SD) tacrolimus blood trough level (ng/mL)

Day Month
n= 0 3 40 63 64 69 69 66 65 61

Mean (SD) MMF dose (g/12 h)

Day Month
n= 4 47 4 45 58 66 64 60 54 50

Figure 2. Mean dose and trough levels. (A) Mean doses of prolonged-release tacrolimus. (B) Mean trough tacrolimus blood levels.
The earliest day of tacrolimus initiation was Day 2, and most patients initiated tacrolimus between Day 3 (n=38; 55.1%)
and Day 4 (n=20; 29.0%). (C) Mean doses of MMF. The n numbers under each graph represent the number of patients with
available data. LT — liver transplantation; MMF — mycophenolate mofetil; SD — standard deviation.

Table 2. Proportion of patients in target tacrolimus trough range during follow-up visits.

Below target 22 (31.9) 10 (14.5) 7 (10.1) 15 (21.7) 11 (15.9) 19 (27.5) 20 (29.0)

No levels available 8 (11.6) 13 (18.8) 0 (0.0 0 (0.0 3 (4.35)* 5 (7.25)* 8 (11.6)*

Target levels: first 6 months: 6-8 ng/mL if combined with MMF, and 10-15 ng/mL if not combined with MMF. From Months 6 to 12:
4-6 ng/mL when combined with MMF, and 6-10 ng/mL if not combined with MMF. All data are n (%). * Includes patients who died
during follow-up. MMF — mycophenolate mofetil.

1 and 12, overall mean creatinine level ranged between 95.0 Biopsy-confirmed rejection, adverse events, and

pmol/L and 105.5 pmol/L (Figure 3). discontinuation

Although 27.5% of patients overall were diagnosed with renal There were no reports of BCAR. However, data on suspected
insufficiency, only one patient required dialysis, and this was acute rejection episodes (those without biopsy) were not re-
during the first postoperative week. corded. A total of 25 patients (36.2%) had infection at some

point during follow-up, and most patients with infection ex-
perienced only one event in 12 months (23.2% of patients
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Figure 3. Evolution of kidney function by eGFR
(MDRD-4) and serum creatinine
level. Mean +SD eGFR and serum
creatinine during follow-up. Number
of patients=69 except for Month
3 (n=68), Month 6, and Month 12
(n=66). The n numbers under the
graph represent the number of
patients with available data. eGFR —
estimated glomerular filtration rate;
LT - liver transplantation; MDRD
— Modified Diet in Renal Disease;
SD - standard deviation.

69

Table 3. Clinical data and blood parameters before transplantation and during the 12 months of follow-up.

Weight, kg 79.9+16.3 72.4+13.2 72.5£12.2* 73.6+£12.5** 75.0£12.7
© MeanBP,mmHg  860+13.2 934135  048:109° 9394118~  925:122
© Hemoglobin, mmoll - 108:25 110417 16418 118417 122617
Cwee <L 46126 68:28 51823 49£22% 52820
 Plateletcount, x10°4 | 1168880 2018:988 17264720°  1735:821% 17371749
 Fastingglucose, mmol/L 58413 61:18 62¢19° 61:16™ 64120
CUrea,mmot 68:38 88:39 87:26* 858297 83127
© Total cholesterol, mmolL 39415 5115 48813 43:09% 44811
| Triglycerides, mmol. 09:04*  16:07° 14506  14:07% 14106
CMbAL% 51l 54xl0™  58:12*  57+l1% 58112

All data are mean +SD. N=69, unless otherwise indicated. * n=68; ** n=66; *** n=67; * n=64; * n=65. BP — blood pressure;
HbA, - glycated hemoglobin; LT — liver transplantation; SD — standard deviation; WBC — white blood cell count.

overall). In the total study population, 27.5% of patients had
bacterial infection (25 episodes in 19 patients). There were 14
episodes of viral infection in 12 patients (17.4%), of which 6
were identified as cytomegalovirus (CMV) infection, 6 herpes
virus, and 2 were unknown.

Table 3 summarizes laboratory results and clinical data from
pre-transplantation to 12 months post transplantation for
all patients. Numeric increases from pre-transplantation to
Month 1 were found in mean cholesterol, triglycerides, and
glycated hemoglobin (HbA, ) levels, but these values remained
stable from Months 3 to 12.

Nineteen patients (27.5%) developed post-transplantation de
novo diabetes mellitus. Eighteen patients (26.1%) had hyper-
cholesterolemia, and 12 (17.4%) had hypertriglyceridemia post
transplantation. Other adverse events of special interest were
de novo thrombocytopenia in 23 patients (33.3%) and low white

This work is licensed under Creative Common Attribution-
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blood cell count in 12 patients (17.4%). Overall, 139 serious ad-
verse events affecting 49 patients were reported; those occur-
ring in more than 4% of patients are summarized in Table 4.

Of the 20 patients who discontinued treatment with prolonged-
release tacrolimus, 13 discontinued due to tacrolimus trough
levels above target range, 3 due to renal insufficiency, 2 due
to neurotoxicity and 2 due to unknown reasons.

Prolonged-release tacrolimus was reintroduced in 13 patients.
Tacrolimus dose levels were adjusted down for those patients
who had initially been discontinued due to higher-than-target
tacrolimus trough levels. In cases of worsening of renal func-
tion, MMF dose was increased. Seven patients who required
complete withdrawal of prolonged-release tacrolimus were con-
verted to mammalian target of rapamycin inhibitors; prolonged-
release tacrolimus was discontinued at least 2 months after LT.
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Table 4. Serious adverse events occurring in >4% of patients.

Any serious adverse events 49 (71.0)
 Denovohypertension 17 (46
 Denovodiabetes mellitus 17 (246)
Cholangiis 10 (45
Bacteremia 7 oy
© Arterialthrombosis s 2
 Bileductstenosis N
© Renalinsufficiency s 2
©Herpetic infection - T
 Respiratory insufficency - T
© cMVinfection T
Csepss 3 @3
 Respiratory infection 3 @43

CMV - cytomegalovirus.

Three patients died during the 12-month follow-up, 2 of whom
died within 3 months of their LT due to infection (infectious
endocarditis and sepsis, respectively), and one after 6 months
(ischemic cholangitis). No death was considered related to
treatment with prolonged-release tacrolimus.

Discussion

In our cohort, delayed initiation of prolonged-release tacroli-
mus in the context of a quadruple immunosuppressive reg-
imen with basiliximab induction showed acceptable efficacy
and safety results during the immediate postoperative period
and during the first year after LT. There were no cases of BCAR,
and renal function was maintained over 12 months of follow-
up, with only one patient requiring dialysis.

Kidney function was preserved during the postoperative pe-
riod with our approach; over 70% of patients had an eGFR
>60 mL/min/1.73 m? after 12 months and, in almost 90%
of the patients, eGFR did not fall below 40 mL/min/1.73 m?
during the 12-month study period. Our results are consistent
with findings from other studies using a similar regimen with
immediate-release tacrolimus [18,19]. More recently, the mul-
ticenter, randomized, Phase Il DIAMOND study was published,
which assessed whether immunosuppressive regimens with
delayed initiation of prolonged-release tacrolimus until Day 5,
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or a reduced initial dose of prolonged-release tacrolimus, im-
proved renal function versus prolonged-release tacrolimus ini-
tiated at a dose of 0.2 mg/kg/day immediately post LT [9]. The
DIAMOND study demonstrated that delaying the initiation of
prolonged-release tacrolimus to Day 5 post transplantation, in
combination with MMF, corticosteroids and basiliximab induc-
tion, maintained eGFR over 24 weeks (73.3 mL/min/1.73 m?) [9].
Our results suggest that delayed initiation of prolonged-re-
lease tacrolimus can maintain renal function over 12 months
post transplantation. This is an important finding, as it has
been demonstrated that renal function during the first year
post transplantation is predictive of long-term renal function
and patient survival [20].

Although renal insufficiency (eGFR <60 mL/min/1.73 m?) was
diagnosed in 27.5% of patients at some point during the
study, only one patient required dialysis after transplanta-
tion — and this was during the first postoperative week. This
is notable given that many patients had pre-transplantation
kidney diseases and this group of patients are particularly
susceptible to deterioration of renal function. As mean eGFR
at Month 12 tended to be better with higher tacrolimus se-
rum levels at Day 10, and was not apparently associated with
Month 1 tacrolimus levels, the use of tacrolimus is unlikely to
be responsible for the observed rate of kidney insufficiency
in this study. Indeed, Yoshida et al. showed that early post-
transplantation differences in tacrolimus trough levels with a
standard tacrolimus regimen versus delayed introduction of
tacrolimus, resulted in similar eGFR and creatinine clearance
at Month 12 [18]. Importantly, there are many other risk fac-
tors for kidney insufficiency in orthotopic LT patients. For ex-
ample, several intraoperative factors have been reported to
significantly predict postoperative kidney function, including
intraoperative hypotension (odds ratio [OR] 4.7; P=0.016),
and the need for noradrenaline (OR 0.085; P=0.010) [21]. As
our study did not specifically include assessment of risk fac-
tors for renal insufficiency, this is an area for future research.

As well as experiencing stable kidney function, no patients ex-
perienced BCAR in our study, which is consistent with the effi-
cacy of prolonged-release tacrolimus previously reported [9,11].
Three deaths were recorded within the 12-month follow-up pe-
riod, and infection was the primary cause of death (2 of the 3
deaths reported in our study were related to infectious endo-
carditis and sepsis), which is consistent with previous studies
in LT patients receiving prolonged-release tacrolimus [9-11].

Interestingly, despite the low target levels of tacrolimus used
in this study, altered lipid metabolism was detected in some
patients (18 patients had hypercholesterolemia, and 12 expe-
rienced hypertriglyceridemia), and 19 patients developed de
novo diabetes mellitus. Although not assessed in this study, it
is possible that de novo diabetes mellitus developed primarily
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in the patients with tacrolimus levels above the target range
(26.1-40.6% of patients across the study). Further analysis
and a larger patient population would be required to confirm
the hypothesis.

The proportion of patients achieving target trough tacrolimus
levels throughout this study was relatively low (26.1-49.3%
of patients) compared with the DIAMOND study [9]. However,
these results should be interpreted in the proper context. The
target ranges in our study were considerably narrower than
those in other reports, particularly in patients receiving con-
comitant MMF (all patients for at least part of the study). For
example, the difference between the maximum and minimum
of the target tacrolimus range was 2-5 ng/mL (depending on
MMF use), compared with 7-10 ng/mL in the DIAMOND study,
and 5 ng/mL in the single-center study by Ortiz et al. [9,17].
Based on the target tacrolimus range recommended in the
DIAMOND study (5-15 ng/mL during the first 6 weeks post
transplantation, and 5-12 ng/mL up to Week 24 [9]), all mean
tacrolimus trough levels were within target during our study.
Notably, despite the narrower target tacrolimus trough range
in our study compared with the DIAMOND study, eGFR was
comparable between the studies at Month 6, which suggests
that tacrolimus trough level may not be a limiting factor for
renal function per se.

Our study has several limitations, including having a small, sin-
gle-center cohort. The study had a single arm and, as such, it
was not possible to compare delayed initiation of tacrolimus
with initiation of tacrolimus at transplantation. Furthermore,
the study was not powered to assess risk factors for renal in-
sufficiency at Month 12. The LT patients included in this study
had a high eGFR, a low MELD score, and patients with HCV
were excluded; therefore, it may be difficult to extrapolate
these results to other populations. While this observational
study - our first experience of working with delayed initiation
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of prolonged-release tacrolimus — lacked a comparator group,
the monitoring was carried out prospectively, and thus pro-
vides useful preliminary data regarding the safety of delayed
initiation of tacrolimus in de novo LT recipients.

Conclusions

Our results suggest that prolonged-release tacrolimus is an ef-
ficacious and tolerable alternative for HCV-negative de novo LT
recipients, when used as part of quadruple induction therapy,
and with tailored dosing of each drug. This strategy resulted
in a stable eGFR between Months 1 and 12 post transplanta-
tion, with acceptable patient and graft outcomes.

Acknowledgments

The authors thank Bernat Miguel for support with statisti-
cal analyses, and Dr Blanca Piedrafita of Medical Statistics
Consulting (Valencia, Spain) for medical writing assistance up
to first draft. The authors also thank Daniella T Draper, PhD,
CMPP, and Amy Maclucas, PhD, from Cello Health MedErgy
for editorial assistance under the direction of the authors in
the later stages of manuscript development. Editorial support
was funded by Astellas Pharma, Inc.

Conflicts of interest

LL, JF, and ER report grants from Astellas, during the conduct
of the study and personal fees from Astellas outside the sub-
mitted work. CB reports grants from Astellas, during the con-
duct of the study and personal fees from Janssen outside the
submitted work. EGV and JB report grants from Astellas, during
the conduct of the study. XX reports personal fees from Gilead,
outside the submitted work. AGC has no conflicts to disclose.

. Isakova T, Xie H, Messinger S et al: Inhibitors of mTOR and risks of allograft
failure and mortality in kidney transplantation. Am J Transplant, 2013; 13:
100-10

. Trunecka P, Klempnauer J, Bechstein WO et al: Renal function in de novo
liver transplant recipients receiving different prolonged-release tacrolim-
us regimens — the DIAMOND study. Am J Transplant, 2015; 15: 1843-54

Trunecka P, Boillot O, Seehofer D et al: Once-daily prolonged-release tacro-
limus (ADVAGRAF) versus twice-daily tacrolimus (PROGRAF) in liver trans-
plantation. Am J Transpl, 2010; 10: 2313-23

Adam R, Karam V, Delvart V et al: Improved survival in liver transplant
recipients receiving prolonged-release tacrolimus in the European Liver
Transplant Registry. Am J Transplant, 2015; 15: 1267-82

Beckebaum S, lacob S, Sweid D et al: Efficacy, safety, and immunosuppres-
sant adherence in stable liver transplant patients converted from a twice-
daily tacrolimus-based regimen to once-daily tacrolimus extended-release
formulation. Transpl Int, 2011; 24: 666-75

Dopazo C, Rodriguez R, Llado L et al: Successful conversion from twice-daily
to once-daily tacrolimus in liver transplantation: Observational multicenter
study. Clin Transplant, 2012; 26: E32-37

10.

11.

12.

13.

Indexed in: [Science Citation Index Expanded]
[Chemical Abstracts] [Scopus]

[Index Medicus/MEDLINE]



14.

15.

16.

17.

Dumortier J, Guillaud O, Boillot O: Conversion from twice daily tacrolim-
us to once daily tacrolimus in long-term stable liver transplant recipients:
A single-center experience with 394 patients. Liver Transplant, 2013; 19:
529-33

Sanko-Resmer J, Boillot O, Wolf P, Thorburn D: Renal function, efficacy and
safety postconversion from twice- to once-daily tacrolimus in stable liver
recipients: An open-label multicenter study. Transpl Int, 2012; 25: 283-93

Valente G, Rinaldi L, Sgambato M, Piai G: Conversion from twice-daily to
once-daily tacrolimus in stable liver transplant patients: Effectiveness in a
real-world setting. Transplant Proc, 2013; 45: 1273-75

Ortiz de Urbina J, Valdivieso A, Matarranz A et al: Advagraf de novo in liv-
er transplantation: A single-center experience. Transplant Proc, 2011; 43:
724-25

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)

18.

19.

20.

21.

Lladé L et al.:
Delayed initiation of tacrolimus after liver transplantation
© Ann Transplant, 2019; 24: 36-44

Yoshida EM, Marotta PJ, Greig PD et al: Evaluation of renal function in liv-
er transplant recipients receiving daclizumab (zenapax), mycophenolate
mofetil, and a delayed, low-dose tacrolimus regimen vs. a standard-dose
tacrolimus and mycophenolate mofetil regimen: A multicenter randomized
clinic. Liver Transplant, 2005; 11: 1064-72

Neuberger JM, Mamelok RD, Neuhaus P et al: Delayed introduction of re-
duced-dose tacrolimus, and renal function in liver transplantation: The
“ReSpECT” study. Am J Transplant, 2009; 9: 327-36

Watt KDS, Pedersen RA, Kremers WK et al: Evolution of causes and risk
factors for mortality post-liver transplant: Results of the NIDDK long-term
follow-up study. Am J Transplant, 2010; 10: 1420-27

Xu X, Ling Q, Wei Q et al: An effective model for predicting acute kidney
injury after liver transplantation. Hepatobiliary Pancreat Dis Int, 2010; 9:
259-63

Indexed in:  [Science Citation Index Expanded] [Index Medicus/MEDLINE]
[Chemical Abstracts] [Scopus]



