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Background: Liver transplantation (LT) has been validated widely all over the world as the curative treatment for hepato-
cellular carcinoma (HCC). Statins have been reported to prevent the progression of HCC. There are many fac-
tors that affect recurrence of HCC, but the precise role of statins is unknown. Therefore, we examined whether
statin therapy is associated with decreased HCC recurrence in patients who underwent living-donor LT (LDLT)
for HCC.

Material/Methods: We retrospectively analyzed 844 HCC patients who underwent primary adult-to-adult LDLT in our center be-
tween January 2007 and December 2016. Statin therapy was defined as administration of statins for more than
30 cumulative defined daily doses (cDDDs) after LT. We compared HCC recurrence and patient survival between
non-statin (n=334) and statin (n=52) groups.

Results: The recurrence rate was higher in the non-statin group; however, time-dependent multivariate analysis with
Kaplan-Meier curves showed that statin users did not significantly benefit in terms of HCC recurrence-related
survival or overall survival. Further, risk factor analysis of HCC recurrence and patient survival confirmed mul-
tiple regional treatments (>3 times), high alpha fetoprotein level (100 ng/mL), large tumor size (>3 cm), and
microvascular invasion as risk factors for HCC recurrence, but statin treatment was not associated with a sig-
nificantly lower recurrence rate of HCC or reduced mortality after adjusting for other risk factors.

Conclusions: Statin use might be associated with prevention of HCC progression, but no significant decrease in HCC recur-
rence rates in LDLT patients was recorded in this study.
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Background

Liver transplantation (LT) is established widely around the
world as the only curative treatment for end-stage liver dis-
ease. Moreover, it is expected that LT not only can remove the
tumor, but also cure the underlying liver disease. Therefore,
LT can be a life-saving intervention in patients with hepato-
cellular carcinoma (HCC). However, although the survival rate
of HCC patients treated with LT has improved steadily, recur-
rence of HCC remains an important clinical challenge. The
first case of recurrent HCC after LT was reported in 1995 [1].
Recently, the recurrence rate of HCC after LT was estimated
to range between 10% and 20%, with a median time to re-
currence of 14 months after LT and a post-recurrence median
survival period of 12.2 months [2-5]. In addition, at Samsung
Medical Center, the median length of the recurrence-free peri-
od was 9.3 months (range, 0.89-97.25 months), and the medi-
an follow-up period after recurrence was 13.4 months (range,
0.59-118.28 months). The 1-, 3-, and 5-year survival rates after
recurrence were 65.2%, 34.0%, and 20.5%, respectively [6,7].

Statins, which are 3-hydroxy-3-methylglutaryl coenzyme A
(HMG-CoA) reductase inhibitors, have a long history of use as
treatments for dyslipidemia and cardiovascular disease [8].
However, there has been emerging interest in the potential
therapeutic application of statins as anticancer agents given
their pro-apoptotic, antiproliferative, cell-cycle regulation, an-
ti-invasive, and immunomodulatory effects [9-11].

For these reasons, many studies have sought to assess the
effects of statins in patients with HCC. In previous research,
statin use was associated with a reduction in the risk of HCC,
and a meta-analysis showed that statin use was associated
with a 37% lower risk of HCC [12,13]. Furthermore, statin use
has been linked to reduced risk of HCC development in chron-
ic hepatitis B virus (HBV)-infected patients, suggesting that
statins have a chemopreventive role in this population [14,15].

However, relatively few studies have investigated the effect
of statins on HCC recurrence in patients who underwent liv-
ing-donor LT (LDLT) for HCC. One retrospective study showed
that statin use was associated with a reduction in the risk of
HCC recurrence in LT recipients [17]. However, that study in-
cluded a heterogeneous donor spectrum of clinical conditions,
including patients who underwent deceased-donor LT (DDLT).
Statins might prevent HCC recurrence in LT recipients, but this
association has not been studied fully in patients who under-
went LDLT for HCC. Therefore, in the present study, we aimed
to investigate the association between statin use and risk of
HCC recurrence in LDLT recipients.
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Screening: Patients received liver transplantation at Samsung Medical Center
between January, 2007 and December, 2016 (N=844)

Exclusions (N=452)

+ Age <18 years

« Patients without HCC: LG, cryptogenic, autoimmune, unknown
« Deceased donor liver transplantation

« Re-transplantation

Eligible participants:
Adults liver transplant recipient who were transplanted for HCC (N=392)
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I
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| Non-statins group (N=334) | | Statins group (N=52) |

Figure 1. Patient selection.

Material and Methods

This study was approved by the Samsung Medical Center
Institutional Review Board (IRB No. 2021-09-058). The need
for consent from the participants was exempted by the IRB.

Study Population

From January 2007 to December 2016, 844 LTs were performed
at Samsung Medical Center (Figure 1). Patients with DDLT or
multi-organ transplants (including simultaneous kidney grafts
and re-transplantation) and pediatric transplants were excluded
from this study (n=226). Additionally, 6 patients with missing
follow-up data were excluded, leaving 386 patients in this study.

After enrollment, the study participants were divided into 2
groups, a no-statin-medication group (n=334) and a statin-med-
ication group (n=52). We compared the HCC recurrence and
patient survival rates between these 2 groups and conducted
a risk factor analysis of HCC recurrence after LDLT.

Living-Donor Liver Transplantation for Hepatocellular
Carcinoma

In our center, we did not set strict criteria for liver transplan-
tation in HCC patients. However, whether to perform LDLT
was decided after the discussion of a multidisciplinary team,
and HCC invading the main portal vein was considered a con-
traindication for transplantation. Living donors were select-
ed among family members or relatives if the recipient did not
have a matched donor within his or her family members. A
graft-recipient weight ratio (GRWR) of 0.8% and future liver
remnant of 30% were considered as the cut-off for donation.
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Use of Statins

According to pharmacokinetic features, statins are classified as
either lipophilic or hydrophilic. Lipophilic statins include simv-
astatin, atorvastatin, fluvastatin, and lovastatin, whereas hy-
drophilic statins include rosuvastatin and pravastatin. Data on
the prescription of statins during the study period were extract-
ed from our electronic prescription databases. Statin dosage,
type(s), date(s) of prescription, and cumulative number(s) were
analyzed. The defined daily dose (DDD) is the standard dose of
a statin recommended by the World Health Organization for
measuring a prescribed amount of drug. The cumulative DDD
(cDDD), which was calculated as the summation of the DDD
values of all statins during the follow-up period, considered
the exposure duration. Patients who used statins for at least
30 c¢DDDs during the follow-up period were defined as statin
users. For patients who were taking statins before transplan-
tation, the cDDD was counted from the first prescription af-
ter transplantation. Statin use and cDDD were considered as
time-dependent covariates.

Immunosuppression Protocol

Depending on routine induction medication, basiliximab was
administered at a dose of 20 mg/day at the time of surgery
and on the fourth postoperative day. All patients received tri-
ple immunosuppressive therapy regimens consisting of tacro-
limus, mycophenolate mofetil, and methylprednisolone. Any
patient who did not receive this regimen was excluded from
the study. Tacrolimus (FK506, Prograf; Astellas Fujisawa, Osaka,
Japan, and generic tacrolimus) was started on postoperative day
5 at 0.1 to 0.15 mg/kg/day and adjusted to maintain whole-
blood trough level at 8 to 10 ng/mL for 1 month postopera-
tively and administered at 6 to 8 ng/mL until 3 months and
tapered down thereafter. Mycophenolate mofetil (Myfortic;
Novartis Pharma AG, Basel, Switzerland) was started at a dose
of 500 to 1000 mg/day on postoperative day 3 and adjusted
according to the general condition of the recipient considering
the potential for opportunistic infection. Methylprednisolone
was started on the day of surgery at an intravenous dose of
500 mg/day, administered for 2 days, and then tapered by half
every day to 60 mg/day. Thereafter, oral methylprednisolone
was administered at 32 mg/day for 7 days, at 16 mg/day for
the next 2 weeks, at 8 mg/day for the next month, and at 4
mg/day for maintenance.

Statistical Analysis

All variables are expressed as meantstandard deviation or
number and percentage. Between-group differences of mean
values were compared with independent t tests, and between-
group differences of numbers and percentages were compared
with y? test or Fisher’s exact test. Statin use was considered a
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time-dependent covariate to consider the immortal time bias
of statin on-off time for patients who used statins during the
study period. Kaplan-Meier survival curves were used to cal-
culate HCC recurrence-related survival and patient survival to
evaluate the impact of statin use. Cox regression analysis was
performed with adjustments for significant risk factors in the
univariate analysis, as well as other factors previously known
to be associated with HCC recurrence, HCC recurrence-related
survival, and patient survival. P values <.05 were considered
statistically significant. All statistical analyses were performed
using SAS software, version 9.4 (SAS Institute, Cary, NC, USA).

Results

Baseline Characteristics and Postoperative Outcomes

A total of 386 patients who underwent adult LDLT between
January 2007 to December 2016 were reviewed. The statin
group (n=52) and non-statin group (n=334) were compared
according to demographics and perioperative characteristics
(Table 1).

Patients in the statin group were significantly older (55.85+7.33
vs 53.89+7.54 years; P=0.042) with higher proportion of DM
(34.62% vs 18.26%; P=0.007) and/or hypertension (28.85% vs
10.78%; P<0.001) compared to the non-statin group. Body mass
index (25.95+3.45 vs 24.61+3.19 kg/m?; P=0.014) and total cho-
lesterol level (141.79+40.75 vs 130.29+36.72 mg/dL; P=0.042)
were higher in the statin group compared to the non-statin
group. The proportions of male patients (78.85% vs 88.92%;
P=0.041) and HBV carriers (73.08% vs 85.93%; P=0.018) were
higher in the non-statin group, and more transcatheter arte-
rial chemoembolization (TACE) procedures were performed in
the non-statin group than in the statin group (1.48+2.13 vs
2.64+3.42 procedures; P=0.022)

Regarding operative and postoperative outcomes, the propor-
tion of macroscopic fatty changes in the liver graft (8.50+7.01
Vs 6.99+5.78; P=0.026) was greater in the statin group (Table 2).
Operation and cold and warm ischemic times as well as
pathologic outcomes did not differ between the 2 groups.
Postoperative peak levels of liver enzymes were higher in the
statin group than in the non-statin group (aspartate amino-
transferase, AST, 463.56+507.85 vs 368.02+399.98, P=0.012; al-
anine aminotransferase, ALT, 461.56+363.76 vs 395.71+433.17,
P=0.015). Postoperative complication rates were similar be-
tween the 2 groups.

The recurrence rate of HCC (9.62% vs 32.34%; P<0.001) and
mortality rate (5.36% vs 34.24%: P<0.001) were significantly
higher in the non-statin group than in the statin group.
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Table 1. Baseline characteristics.

Recipient
"""" Sex (recipient Male/Female) ~ 297/37 (8892%)  41/11(78.85%) 0041
"""" Age(yearsy 538754 55854733 0042
"""" Body massindex  2461:319 25954345 0014
"""" Hypertension )  36(1078%)  15(288%) <0001
"""" Diabetes(® ~ 61(1826%  18(3462% 0007
"""" CTPscore 715205 700#216 0493
"""" MELDscore  1244s579  1187+583 0298
"""" HepatitisBsAg(®)  287(8593%)  38(7308%) 0018
"""" Hepatitis CRNAG)  19(569%)  4(769%) 0532
"""" ABO-Incompatible 4)  52(1557%)  5(062% 0260
* Preoperative laboratory findings
"""" Abumin g/d)  339s064  335:066 0805
"""" Totalbilirubin (mg/d) 3004589  245:431 0213
"""" INNOND) 14060 140051 0413
"""" AFP(ng/d) 1205854986590 377.98£131991 0906
"""" PIVKANl (mAU/mM)  25460:144808 584174323549 0258
"""" Total cholesterol (mg/dl) 1302943672  14179+4075 0042
"""" Triglyceride (mg/d)  7548+4368  8390#4317 0174
"""" WDL(mg/d)  4977:1985 56882112 0213
"""" DL (mg/a)  87.19:3647 889742649 0858
 Locoregional treatment (no. of sessions) 3221396 2158281 0114
"""" RA  osa101 0524094 0350
"""" TACE 2ea342 148213 002
"""" Radiation therapy ~ 26(781%)  3(677% 0781
"""" Operation (hepatectomy) ~ 59(17.66%)  7(1346%) 0454
icUstay @y 734705 6874207 0462
 Hospitalstay(days) 366443240 355041908 0500
Cstatinuse
"""" tpophic ~ j5u4sosw)
"""" Wydrophic . 7(10%)
CDomor
"""" Sex (recipient Male/Female) ~ 232/102 (69.46%) 3517 (6731%) 0754
"""" Age(yearsy 3131150 326241219 0516
"""" Body mass index (kg/m)  2309:28 2385407 029
"""" Hypertenson ) 2(6%  4(769%) 0004
"""" Diabetes®  103%  0(00% 1000
"""" Hospitalstay (daysy 13684678 1539928 0370

INR — international normalized ratio; RFA — radiofrequency ablation; CPT — Child-Turcotte-Pugh; MELD — Model for End-Stage Liver
Disease; AFP — Alpha-Fetoprotein; PIVKA2 — Protein induced by vitamin K absence-Il; HDL — High-density lipoprotein; LDL — Ligh-density
lipoprotein; TACE — Transcatheter arterial chemoembolization; ICU - Intensive Care Unit.
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Table 2. Postoperative outcomes.

Characteristics Statin non-user (n=334) Statin user (n=52)

Donor fatty change (%)

I\ 3 1
”””” v s e
CRecumence 108 G234%) 5062% w001
”””” mtrahepatic a2
”””” Extrahepatic e 3
”””” Both a0
Cpeth 13 G424 3636%) w001
”””” HCCrecurtence related e 2

GRWR - graft-recipient weight ratio; AST — aspartate aminotransferase; ALT — alanine aminotransferase; INR — international normalized

ratio.
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Figure 2. Cumulative recurrence rates estimated using an
extended Kaplan-Meier method that can be used with
time-varying covariates.

Analysis for Recurrence of HCC and Patient Survival

The cumulative recurrence rate was estimated using an ex-
tended Kaplan-Meier method that can be used with time-
varying covariates (Figure 2). The Kaplan-Meier curve showed
similar rates of HCC recurrence-related survival between the
2 groups (P=0.602). Furthermore, the results of cumulative
overall survival analysis were similar between the 2 groups
(P=0.203) (Figure 3).

Risk factor analysis of HCC recurrence was performed using Cox
proportional hazard models (Table 3). Statin use and cDDD were
considered as time-dependent covariates. Three or more locore-
gional treatments (hazard ratio [HR], 1.775, 95% confidence in-
terval [Cl], 1.204-2.616; P=0.004) tumor size >3 cm (HR, 1.570;
95% Cl, 1.070-2.304; P=0.021), AFP level >100 ng/mL (HR, 1.912;
95% Cl, 1.293-2.828; P=0.001), and microvascular invasion (HR,
3.408; 95% Cl, 2.085-5.572; P<0.001) showed significant rela-
tionships with HCC recurrence. However, statin treatment was
not associated with HCC recurrence after adjusting for other risk
factors (HR, 0.929; 95% Cl, 0.366-2.357; P=0.877). Regarding risk
factors for overall survival, AFP >100 ng/mL (HR, 1.592; 95% Cl,
1.068-2.372; P=0.022) and microvascular invasion (HR, 1.966;
95% Cl, 1.287-3.002; P=0.002) were significantly related to poor
prognosis, while statin treatment was not related to prognosis
(HR, 0.388; 95% Cl, 0.121-1.242; P=0.111) (Table 4).

Discussion

This study investigated the correlation between statin med-
ication and HCC recurrence in patients who underwent LDLT
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Figure 3. Cumulative overall survival rates estimated using an
extended Kaplan-Meier method that can be used with
time-varying covariates.

for HCC. The possibility of administering statins as anticancer
agents was evaluated, focusing on recurrence of HCC after LDLT.
The background of this study was that several investigations
have reported the beneficial impact of statin for various types
of cancer [18-20]. Use of statin prior to allograft procurement
of kidney transplant reduced the acute kidney inflammatory
burden profile and promoted improved kidney function recov-
ery following transplantation [21]. Hence, statins significantly
reduced hyperlipidemia and tended to reduce cardiovascular
events in kidney transplant recipients [22].

It is not definite which mechanism of statins contributes to pre-
vention of HCC, although HMG-CoA reductase by statins can re-
duce concentrations of mevalonate pathway metabolites that
are essential for cancer cell growth [23]. Various liver disorders,
particularly cholestasis, affect cholesterol metabolism and can
trigger variable levels of hypercholesterolemia, including the
appearance of Lp-X. Mistaking Lp-X for low-density lipoprotein
cholesterol can interfere with cardiovascular risk assessment,
leading to prescription of futile lipid-lowering therapies [24].
Therefore, it was expected that statins would have a strong
effect in the liver, which is a major organ that experiences in-
flammation caused by steatosis related to lipid metabolism.

However, our study showed no difference in recurrence-free
survival rates between the statin and non-statin groups. While
the statin group demonstrated a significantly lower recurrence
rate (9.62% vs 32.34%; P<0.001), our study failed to show a sig-
nificant relationship with recurrence-free survival in the time-
dependent Cox analysis (P=0.877). This finding can be attrib-
uted to the tendency to prescribe statins to LDLT recipients
who experienced prolonged survival. Furthermore, the statin
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Table 3. The risk factors of hepatocellular carcinoma recurrence analyzed by Cox proportional-hazards regression models.

Recipient

characteristics 95% I P-value
Sex (Male) 1968 0.959-4.039  0.065
Age (260 years) 0732 04551175 0.196
'(\SBDPZCI:’E) 0798 0.372-1.716 0.564
ABO-incompatible LT~ 1.258  0.767-2.063  0.364
gfit?;ilsgreatme"t 2381 1.637-3.461 <0.001
Tumor size (=3 cm) 2347 1.617-3.406 <0.001
Tumor number (>3) 1877 1.285-2742  0.001
AFP (2100 ng/dL) 2923  2.013-4.243  <0.001
ZEO d°r;siz:zl‘;§itce::2‘gf 1451 0.842-2501 0.181
Microvascular invasion 5.373  3.394-8.505 <0.001
Low GRWR (<0.8) 1975 1.000-3.903  0.050
Statin user 1.277 0.510-3.193  0.602
cDDD 1231 0.813-1.863 0.326

Multivariable
HR 95% CI P-value
1.317 0.634-2.739  0.460 1.321 0.635-2.747  0.457
1.775 1.204-2.616 0.004 1.784 1.210-2.629 0.004
1.570 1.070-2.304 0.021 1.561 1.065-2.288 0.022
1.267 0.861-1.864 0.231 1.272 0.863-1.873 0.224
1912 1.293-2.828 0.001 1911 1.293-2.825 0.001
3.408 2.085-5.572 <0.001 3.379  2.067-5.523 <0.001
1.373  0.689-2.736  0.367 1379  0.692-2.748 0.361
0.929 0.366-2.357 0.877
1.107 0.706-1.736  0.658

* Statin user and, cDDD were considered as time dependent covariates. MELD — model for end-stage liver disease; AFP — alpha-
fetoprotein; GRWR — graft-recipient weight ratio; cDDD — cumulative defined daily dose.

group included a smaller proportion of HBV carriers (73.08%
vs 85.93%; P=0.018), which is the main risk factor for HCC,
and fewer sessions of TACE were performed in the statin group
(P=0.022). In our study, locoregional treatments such as TACE
were a significant factor for HCC recurrence.

While statins usually are well-tolerated, they often are asso-
ciated with various statin-associated symptoms, including
statin-associated muscle symptoms (SAMS), DM, and central
nervous system problems [25]. SAMS are difficult to treat be-
cause there are no validated biomarkers or tests that can be
used to confirm patient self-reports of SAMS, and a number of
patients who report SAMS have nonspecific muscle pain not
attributable to statin therapy [26]. Therefore, in clinical prac-
tice, the decision to prescribe statins should be made care-
fully so as not to result in their misuse or abuse in consid-
eration of the above adverse effects. Furthermore, while the
phenomenon of statins acting on lipid metabolism is well es-
tablished in long-term cumulative studies, the use of statins as
anticancer agents has not been established. Therefore, statin
prescription with the expectation of an anticancer effect for
preventing HCC recurrence should be considered after more

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

evidence is gathered. Also, in transplant patients, it is neces-
sary to determine whether there are any interactions or ad-
verse effects due to long-term combined administration of im-
munosuppressant and statin.

A study by Cho et al reported a significant impact of statins
on HCC recurrence after LT [17]. However, the population of
the abovementioned study was 30% DDLT patients. Thus, our
study is the only one to include elective LDLT patients with ho-
mogeneous donor factors. However, it is difficult to determine
the difference between the results of these 2 similar studies
based on the difference between LDLT and DDLT. There are
well-known radiologic or pathologic risk factors, such as tu-
mor size larger than the Milan criteria and vascular invasion,
that were significant in our study. However, various biologic
factors that were not measured in the 2 studies can lead to
differences in their results. Recently, several laboratory find-
ings, including AFP as a risk factor for recurrence of HCC, have
been reported. The ratio of neutrophils to lymphocytes and
des-y-carboxy prothrombin were reported as postoperative in-
dependent risk factors associated with HCC recurrence [27,28].
Therefore, study of the relationships between these biologic
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Table 4. The risk factors of patient survival analyzed by Cox proportional-hazards regression models.

Recipient Multivariable

Shase Sl 95% Cl  P-value 95% Cl  P-value
L Sex(Male) OO O
Age (260 years) 0989 0.639-1.530 0.959
?QEEDPZ?E’IS) 1168 0.611-2234 0.638
© ABO-ncompatible T 0852 04871490 0574
gfit?;ilsgreatme”t 1501 1.042-2.164 0029 1230 0844-1792 0282 1268 0.870-1847 0217
Tumorsize(3cm) 1537 10672212 0021 1229 08421792 0285 1192 0817-1741 0362
Tumornumber(3) 1350 09092003 0137
CAPGlOngd) 2059 14142997 <0001 1592 10682372 0022 1597 10722379 0021
ey 1S oM 0Bt
Microvascular invasion 2.398 1.630-3.529 <0.001 1.966  1.287-3.002 0.002 1.908 1.250-2.913 0.003
LwGRWR08) 1622 08713019 0127
Cstatnuwer 0471 01481498 0203 0388 01211242 oii
S0 1062 073159 o7as 0982 06731434 0926

* Statin user and, cDDD were considered as time dependent covariates. MELD — model for end-stage liver disease; AFP — alpha-
fetoprotein; GRWR — graft-recipient weight ratio; cDDD — cumulative defined daily dose.

markers and statins would be helpful in identifying their pro-  Conclusions

tective role in HCC recurrence.

In conclusion, while recent studies have reported the antican-

There are some limitations to this study. First, it was a ret-
rospective, single-center analysis with a cohort composed of
Korean patients; therefore, the results might not be general-
izable to other countries or continents. Second, all patients in
the statin group had variable statin initiation, maintenance,
and termination times after transplantation; however, the ex-
act period and amount of statin exposure were evaluated and
adjusted for the analysis. Third, a statistical technique with an
on-off period was used, but there is a possibility that the cal-
culated cDDD was different from the actual use. Next, using
the retrospective cohort, adjustments were not made for sev-
eral factors known to be associated with HCC recurrence risk,
including alcohol intake, smoking, and family history of HCC.
Nevertheless, our well-selected LDLT samples, time-dependent
variable analysis to reduce immortal time bias, and careful
adjustment for important factors are strengths of this study.

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

cer potential of statin administration, our study, which includ-
ed LDLT recipients with HCC, showed that the impact of statin
administration after LT was not correlated with recurrence-free
survival. As such, a large-scale, prospective, randomized study
is needed to investigate the long-term outcomes of statin ad-
ministration in patients who underwent LDLT for HCC.
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