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Original Article

A cross-sectional analysis of long-term immunosuppressive
regimens after liver transplantation at Asan Medical Center:
Increased preference for mycophenolate mofetil

Shin Hwang, Chul-Soo Ahn, Ki-Hun Kim, Deok-Bog Moon, Tae-Yong Ha,
Gi-Won Song, Dong-Hwan Jung, Gil-Chun Park, and Sung-Gyu Lee

Division of Hepatobiliary Surgery and Liver Transplantation, Department of Surgery, Asan Medical Center, University

of Ulsan College of Medicine, Seoul, Korea

Backgrounds/Aims: Long-term immunosuppression regimens after liver transplantation (LT) are rarely reported in detail.
We aimed to provide information on actual long-term immunosuppression regimens through this cross-sectional study.
Methods: Our institutional LT database was searched for adult patients who underwent primary LT operation from
2000 to 2016. We identified 3620 live recipients with actual information on immunosuppressive agent use for 1-17
years. Results: The study cohort was divided into 7 groups according to posttransplantation period. The im-
munosuppressive agents used at the cross-sectional review period were tacrolimus in 2884 (79.7%), cyclosporine in
445 (12.3%), mycophenolate mofetil in 2007 (55.4%), and everolimus in 138 (3.8%) recipients. There was no marked
difference in immunosuppressive agent use according to pretransplantation liver malignancy or type of LT operation.
Tacrolimus, cyclosporine, mycophenolate mofetil, and everolimus were used in 97.4%, 1.8%, 60.9%, and 9.2%, re-
spectively, in the year 2 group; 94.1%, 3.9%, 51.6%, and 8.3%, respectively, in the year 3 group; 87.3%, 8.4%, 68.9%,
and 4.8%, respectively, in the year 4-5 group; 78.2%, 12.9%, 64.6%, and 3.0%, respectively, in the year 6-7 group;
76.9%, 10.8%, 58.8%, and 2.4%, respectively, in the year 8-10 group; 66.7%, 22.4%, 43.4%, and 1.5%, respectively,
in the year 11-15 group; and 73.8%, 15.4%, 32.9%, and 1.7%, respectively, in the year =15 group. Conclusions:
Tacrolimus and mycophenolate mofetil are the primary immunosuppressive agents after LT, and the indications for
everolimus have started to increase at our institution. We believe our results will help establish tailored long-term im-

munosuppression regimens. (Ann Hepatobiliary Pancreat Surg 2018;22:19-26)
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INTRODUCTION

Liver transplantation (LT) requires lifelong immuno-
suppression (IS) unless the patient acquires operational
tolerance. Several kinds of immunosuppressive agents
(ISAs) have been administered after LT, and every LT
center usually has its own IS regimen protocols. Nearly
all IS regimen protocols for LT include calcineurin in-
hibitor (CNI), mycophenolate mofetil (MMF), and steroid.
Steroid dose is usually tapered off within short periods or
intentionally omitted. Mammalian target of rapamycin
(mTOR) inhibitor is increasingly administered as in-

dicated for renal dysfunction or malignancy. IS regimen

protocols are often summarized in published clinical stud-
ies from each institution; however, the complete details
of institutional IS regimens are only occasionally
repor*[ed.l‘2 Especially for long-term IS regimens after LT,
actual details are rarely reported.

The purpose of this study was to provide information
on actual long-term IS regimens used in a high-volume
LT center through a cross-sectional study in 3620 adult

LT recipients.
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MATERIALS AND METHODS

Study design and patient selection

This is a cross-sectional study on the actual long-term
use of ISAs in adult LT recipients. We set the timing of
cross-sectional review during 2 months from December
2017 to January 2018.

The LT database at our institution was searched to
identify adult patients who underwent primary LT during
17 years from January 2000 to December 2016. The in-
clusion criteria were patient survival for 12 months after
LT and until the end of December 2017, recipient age =18
years at LT operation, Korean ethnicity, and regular visits
to the outpatient clinic of our institution. Finally, we iden-
tified 3620 live LT recipients with actual information on
the administration of ISAs for 1-17 years. Our study pro-
tocol was approved by the institutional review board of

our institution.

Institutional IS regimen protocols

The peritransplantation primary IS protocols used for
adult LT recipients at our institution consisted of inter-
leukin-2 receptor inhibitor, intraoperative steroid bolus
(5-10 mg/kg), intravenous or oral CNI and corticosteroid
recycling beginning on day 1, and adjunctive MMF for
patients showing CNI-associated adverse effects or for IS
augmentation. For the control of CNI-associated adverse
effects, tacrolimus and cyclosporine were occasionally
exchanged. There were no differences in IS regimens be-
tween living-donor and deceased-donor LTs. Corticosteroid
was rapidly tapered off within the first 3 months.

The target 12-hour trough concentration of tacrolimus
was around 10-15 ng/ml for the first 1 month, 8-10 ng/ml
within the first year, 5-8 ng/ml at 2-3 years, 5 ng/ml at
4-5 years, 3-5 ng/ml at 6-10 years, and 2-3 ng/ml after
10 years. When MMF was used for CNI sparing, the tar-
get tacrolimus concentration was reduced to half or less.
The detailed target trough levels of tacrolimus with and
without MMF relative to the posttransplantation period
have been summarized previously.l’2

For MMF monotherapy, the target mycophenolic acid
(MPA) level was set to at least 2-3 ng/ml and MMF dos-
age was adjusted according to the degree of renal dys-
function and MPA therapeutic drug monitoring (TDM).3’4

Concerning mTOR inhibitors, only everolimus is cur-

rently covered for LT recipients by the Korean social
health insurance program. Its main indications at our in-
stitution include hepatocellular carcinoma (HCC) re-
currence, de novo malignancy, and renal dysfunction.
Intentional weaning off of all ISAs was not considered to

date at our institution.

Stratification of LT recipients according to

posttransplantation period

As the recipient conditions at the peritransplantation pe-
riod are diverse, the IS regimens are also highly variable.
Thus, we did not include IS regimens during the first 1
year in the present analysis.

We divided the 3620 recipients into 7 groups according
to the posttransplantation period, as follows: second year
(year 2 group), third year (year 3 group), fourth-fifth year
(year 4-5 group), sixth-seventh year (year 6-7 group),
eight-tenth year (year 8-10 group), tenth-fifteenth year
(year 11-15 group), and beyond the fifteenth year (year
=15 group).

We also divided the recipients into 2 groups according
to the presence of liver malignancy at the time of LT:
malignancy group and non-malignancy group. Primary
liver malignancy included HCC and other incidentally de-
tected liver malignancies in the explant livers (combined

HCC-cholangiocarcinoma and neuroendocrine tumor).

Statistical analysis

Continuous variables are reported as means with stand-
ard deviation. Categorical variables were compared using
the chi-square test. A p-value of <0.05 was considered
to indicate a statistically significant difference. Statistical
analyses were performed using SPSS (version 22; IBM,
New York, NY, USA) and Statistica (version 6.0;
StatSoft, Tulsa, OK, USA) software.

RESULTS

Stratification of patients according to

posttransplantation period

The numbers of LT recipients according to the post-
transplantation period were 348 in the year 2 group
(9.6%), 337 in the year 3 group (9.3%), 557 in the year
4-5 group (15.4%), 565 in the year 6-7 group (15.6%),
720 in the year 8-10 group (19.9%), 853 in the year 11-15
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group (23.6%), and 240 in the year =15 group (6.6%).
The clinical profiles of these 7 groups are summarized in
Table 1.

Patterns of ISA use relative to posttransplantation

period

The ISAs used during the overall study period were ta-
crolimus in 2884 (79.7%), cyclosporine in 445 (12.3%),
MMEF in 2007 (55.4%), and everolimus in 138 (3.8%) re-
cipients (Fig. 1).

In the year 2 group (n=348), the ISAs used were tacro-
limus in 339 (97.4%), cyclosporine in 6 (1.8%), MMF in
212 (60.9%), and everolimus in 32 (9.2%) recipients, im-
plicating that tacrolimus-MMF (n=199, 57.2%) and tacro-
limus monotherapy (n=108, 31.0%) were the most used
regimens.

In the year 3 group (n=337), the ISAs used were tacro-
limus in 317 (94.1%), cyclosporine in 13 (3.9%), MMF
in 174 (51.6%), and everolimus in 28 (8.3%) recipients,
implicating that tacrolimus-MMF (n=160, 47.5%) and ta-
crolimus monotherapy (n=129, 38.3%) were the most used
regimens and tacrolimus-everolimus use (n=27, 8.0%) was
increased.

In the year 4-5 group (n=557), the ISAs used were ta-
crolimus in 486 (87.3%), cyclosporine in 47 (8.4%), MMF
in 384 (68.9%), and everolimus in 27 (4.8%) recipients,
implicating that tacrolimus-MMF (n=331, 59.4%) and ta-
crolimus monotherapy (n=129, 23.2%) were the most used
regimens and the uses of tacrolimus-everolimus (n=24,
4.3%) and MMF monotherapy (n=24, 4.3%) were increased.

DOOEEECEE
2

Fig. 1. Proportions of immunosuppressive regimens in 3620
liver transplant recipients. C, cyclosporine; M, mycophenolate
mofetil; F, tacrolimus; T, everolimus. Combination of these
capital letters indicates combination therapy.

In the year 6-7 group (n=565), the ISAs used were ta-
crolimus in 442 (78.2%), cyclosporine in 73 (12.9%),
MMF in 365 (64.6%), and everolimus in 17 (3.0%) recipi-
ents, implicating that tacrolimus-MMF (n=276, 48.8%)
and tacrolimus monotherapy (n=149, 26.4%) were the
most used regimens and the use of MMF monotherapy
(n=50, 8.8%) was increased.

In the year 8-10 group (n=720), the ISAs used were
tacrolimus in 554 (76.9%), cyclosporine in 78 (10.8%),
MMF in 423 (58.8%), and everolimus in 17 (2.4%) recipi-
ents, implicating that tacrolimus-MMF (n=295, 41.0%)
and tacrolimus monotherapy (n=242, 33.6%) were the
most used regimens and the use of MMF monotherapy
(n=88, 12.2%) was increased.

In the year 11-15 group (n=853), the ISAs used were
tacrolimus in 569 (66.7%), cyclosporine in 191 (22.4%),
MMF in 370 (43.4%), and everolimus in 13 (1.5%) recipi-
ents, implicating that tacrolimus monotherapy (n=361,
42.3%) and tacrolimus-MMF (n=197, 23.1%) were the
most used regimens and the use of MMF monotherapy
(n=91, 10.7%) was increased.

In the year =15 group (n=240), the ISAs used was tacro-
limus in 177 (73.8%), cyclosporine in 37 (15.4%), MMF
in 79 (32.9%), and everolimus in 4 (1.7%) recipients, im-
plicating that tacrolimus monotherapy (n=134, 55.8%) was
the most used regimen, whereas the uses of cyclosporine
monotherapy (n=24, 10.0%), tacrolimus-MMF (n=39,
16.3%), and MMF monotherapy (n=26, 10.8%) were
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Fig. 2. Changes in immunosuppressive regimens relative to
posttransplantation period. C, cyclosporine; M, mycopheno-
late mofetil; F, tacrolimus; T, everolimus. Combination of
these capital letters indicates combination therapy.



similar. These patterns of ISA use are collectively depicted

in Fig. 2.

Patterns of ISA use according to pretransplantation

malignancy

Pretransplantation malignancy was diagnosed in 1809
recipients (n=50%). The ISAs used were tacrolimus in
1436 (79.4%), cyclosporine in 227 (12.5%), MMF in 1003
(55.4%), and everolimus in 105 (5.8%) recipients in the
malignancy group, and tacrolimus in 1448 (80.0%), cyclo-
sporine in 218 (12.0%), MMF in 1004 (55.4%), and ever-
olimus in 33 (1.8%) recipients in the non-malignancy
group (Fig. 3). There was no difference in ISA use be-

tween these 2 groups except for everolimus (p<0.001).

Patterns of ISA use according to LT operation type

Deceased-donor LT was performed in 396 recipients,
in whom the ISAs used were tacrolimus in 305 (77.0%),
cyclosporine in 41 (11.9%), MMF in 220 (55.6%), and
everolimus in 12 (3.0%). On the other hand, in 3224 liv-
ing-donor LT recipients, the ISAs used were tacrolimus
in 2579 (80.0%), cyclosporine in 398 (12.3%), MMF in
1787 (55.4%), and everolimus in 126 (3.9%) (Fig. 4). The

Pretransplant malignancy group

CM
CT

FM
FMT
FT
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Deceased-donor LT

CM

FM
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ISA use was very similar between these 2 groups (p=0.73).

DISCUSSION

The results of this study revealed the changing trends
in the use of IS regimens during >10 years, providing
important insights into the recent changes in IS regimens
and long-term ISA use at our institution.

Tacrolimus is nearly completely replacing cyclosporine.
The proportion of cyclosporine use was 15.4% in the year
=15 group, but it was gradually reduced and finally low-
ered to 1.8% in the year 2 group. Currently, cyclosporine
is administered only when tacrolimus is intolerable be-
cause of serious adverse effects. Previously, cyclosporine
was preferentially prescribed to recipients with hepatitis
C virus infection for weak background reasons;5 however,
the recent introduction of potent direct-acting antiviral
agents has led to a change in such a pre:ference:.6'9

One of the most recognizable results was the highly
sustained proportion of MMF use. In the year 2 group,
MMF was administered to 60.9% of patients, mostly com-
bined with tacrolimus for CNI sparing. This seems natural

because a majority of our recipients received CNI-MMF

Non-malignancy group

cm Fig. 3. Proportions of im-
F munosuppressive regimens in
liver transplant recipients with or
without pretransplantation liver
M malignancy. C, cyclosporine; M,
T mycophenolate mofetil; F, tacro-
limus; T, everolimus. Combination
of these capital letters indicates
combination therapy.
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Living-donor LT

cm  Fig. 4. Proportions of immuno-
CT  suppressive regimens in de-
F ceased-donor and living-donor
liver transplantation (LT) re-
FT cipients. C, cyclosporine; M, my-
M cophenolate mofetil; F, tacroli-
T mus; T, everolimus. Combination
of these capital letters indicates
combination therapy.
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during the first year. Over time, the proportion of
CNI-MMF changed primarily depending on the status of
renal function. When the recipient well tolerated CNI,
MMF dose was gradually tapered off during subsequent
years. Adjunctive MMF use in the subtherapeutic TDM
range seems to be unnecessary if the CNI TDM concen-
tration is sufficiently high. Meanwhile, nephrotoxicity as-
sociated with CNI or of unknown origin developed, and
the CNI use was gradually lowered or tapered off toward
MMF monotherapy. MMF monotherapy was occasionally
attempted before the first 2 or 3 years. It was used in
4.3% in the year 4-5 group; thereafter, its percentage of
use increased to around 10%. The recipients administered
with MMF monotherapy were meticulously selected after
long-term observation and frequent MPA TDM; thus,
nearly no patients who received MMF monotherapy expe-
rienced acute rejection. Considering that most of these re-
cipients undergoing MMF monotherapy had renal dys-
function, meticulous adjustment of the MMF dosage is
necessary because renal dysfunction interferes with the
metabolism and excretion of MPA."™

The introduction of mTOR inhibitors has caused some
changes in ISA selection. Because everolimus began to be
covered by social health insurance only in early 2016 in
Korea, it is not widely used yet; thus, the proportion of
mTOR inhibitor use in the pretransplantation malignancy
group is still small. Thus far, we still do not yet include
everolimus as a primary ISA during the early post-
transplantation period. It is primarily administered after
the development of HCC recurrence or de novo malig-
nancy because mTOR inhibitors are known to be the only

10-16 .
To date, everolimus mon-

ISAs with anti-tumor effect.
otherapy has been very rarely used at our institution be-
cause insurance policy permits combination with
tacrolimus. We have intended to concurrently use mTOR
inhibitor and sorafenib with the expectation of a syner-
gistic effect against HCC recurrence; however, this was
not demonstrated in clinical studies (unpublished data). In
addition to the expected anti-tumor effect, we have at-
tempted to use everolimus for its renal-sparing effect,'”"®
especially in recipients with poor absorption of MMF or
those showing progressive deterioration of renal function
despite long-term MMF monotherapy.

As far as we know, poor absorption of MMF is not an

eligible indication for MMF monotherapy. We arbitrarily

defined poor absorption as a 12-hour trough level of MPA
of <1.0 mg/L after the administration of MMF 500 mg
2 times per day.’ As the potency of MMF for IS is not
high enough,2 MMF monotherapy was rarely attempted
within the first year of LT at our institution. Recently, the
combination of MMF and everolimus together with very
low-dose tacrolimus has been selectively attempted in re-
cipients showing progressive renal dysfunction during the
first year of LT."””
the Scientific Registry of Transplant Recipients has re-
vealed that mTOR inhibitor-based IS therapy is associated

An analysis of high-volume data from

with improved survival after LT in recipients with HCC;
however, it has also revealed a trend toward lower surviv-
al rates in non-HCC recipients.23

Changes in tablet dosage seem to be beneficial for pa-
tients taking multiple drugs daily. Concerning MMF, 1
original agent and 2 generic substitutions are concurrently
used at our institution.”**> Generic double-dose (500 mg)
MMF tablet provides convenience to recipients ad-
ministered with high-dose MMF. Generic reduced-dose
(0.25 mg) tacrolimus is very efficacious for recipients
who had passed >5-10 years after LT, as well as for re-
cipients with renal dysfunction because it enables metic-
ulous adjustment of drug dosage. A considerable pro-
portion of LT recipients require much smaller amounts of
tacrolimus after a long period has passed than during the
early posttransplantation period. In our clinical practice,
we found that a higher proportion of recipients prefer tak-
ing tacrolimus 0.25 mg twice per day than tacrolimus 0.5
mg once per day probably because they are well ac-
customed to this medication style. Considering that a ma-
jority of LT recipients take various other drugs daily be-
cause of other concurrent diseases such as hypertension,
diabetes mellitus, and hyperlipidemia, the actual advant-
age of once-daily tacrolimus seemed to be lower than ex-
pected in the current Korean setting.ZG’27

The risk of acute rejection decreases as the post-
transplantation period passes; however, subclinical patho-
logical abnormalities emerge in a non-negligible number
of recipients even after 10 years. Thus, the role of late
liver biopsy after 10 years in LT recipients seems to be
a matter of concern.” It is still unknown whether aug-
mented IS can prevent or reduce the risk of such sub-
clinical pathological abnormalities; however, we believe

that a too low IS dose is not beneficial even after post-



transplantation 10 years. Thus, we believe that it is better
to continually maintain the IS regimen after post-
transplantation 10 years. After 10 years of LT, around
20% of our recipients still receive the tacrolimus-MMF
combination instead of CNI alone. A considerable pro-
portion of these patients may be eligible for CNI mono-
therapy; however, we also believe that a combination of
very low-dose tacrolimus and low-dose MMF is beneficial
to prevent de novo malignancy.

Thus far, MMF is known to have a neutral effect on
HCC recurrence.” Recently, it was reported that MMF
monotherapy is associated with a lower risk of cancer in
LT recipients compared with maintenance IS with CNIs.”'
In fact, MMF is an ISA with potential anti-cancer activity.
MMF inhibits tumor cell growth and angiogenesis in vitro,
although this effect has not translated to clinical anti-can-
cer benefit.”” In a single-center study, the combination of
CNI and MMF in kidney transplant recipients was asso-
ciated with a higher risk of malignancy than were other
IS regimens.33 In contrast with these results, multicenter
studies have shown that renal, cardiac, and liver transplant
recipients who take MMF have a lower or at least not
higher risk of malignancy than those without MMF
therapy.34'36

We identified that the long-term IS regimen was not
different between recipients of deceased-donor and liv-
ing-donor LTs. In fact, pretransplantation HCC was more
common in living-donor LT recipients, whereas renal dys-
function was more common in deceased-donor LT
recipients. We presume that these differences in patient
characteristics led to the reciprocal offsetting of the differ-
ences in ISA selection.

The present study has several limitations. First, this is
a retrospective single-center study with a cross-sectional
review covering a short-term period. Second, we did not
analyze the TDM concentration of each ISA and the in-
tra-individual changes of ISAs because we have presented
these findings previously.l'4 Third, we did not separately
present the profiles of patients who were alive at the time
of data collection after the development of HCC re-
currence or de novo malignancy because they will be pre-
sented in future reports of ongoing studies. The strong
point of this study is that there is no case with lost data
because all study patients are alive and regularly followed

up at our institution.
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In conclusion, we consider tacrolimus and MMF as the
primary ISAs after LT and the indications for mTOR in-
hibitor have started to increase. We believe that our re-
sults will help establish tailored long-term IS regimen pro-

tocols in new or small-volume LT centers.
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