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Background/Aims: The most commonly used immunosuppressant therapy after liver transplantation (LT) is a 
combination of tacrolimus and steroid. Basiliximab induction has recently been introduced; however, the most 
appropriate immunosuppression for hepatocellular carcinoma (HCC) patients after LT is still debated. 
Methods: Ninety-three LT recipients with HCC who took tacrolimus and steroids as major immunosuppressants were 
included. Induction with basiliximab was implemented in 43 patients (46.2%). Mycophenolate mofetil (MMF) was added 
to reduce the tacrolimus dosage (n=28, 30.1%). The 1-year tacrolimus exposure level was 7.2 ± 1.3 ng/mL (mean ± SD). 
Results: The 1- and 3-year recurrence rates of HCC were 12.9% and 19.4%, respectively. Tacrolimus exposure, cumulative 
steroid dosages, and MMF dosages had no impact on HCC recurrence. Induction therapy with basiliximab, high alpha 
fetoprotein (AFP; >400 ng/mL) and protein induced by vitamin K absence/antagonist-II (PIVKA-II; >100 mAU/mL) levels, 
and microvascular invasion were significant risk factors for 1-year recurrence (P<0.05). High AFP and PIVKA-II levels, and 
positive 18fluoro-2-deoxy-d-glucose positron-emission tomography findings were significantly associated with 3-year 
recurrence (P<0.05). 
Conclusions: Induction therapy with basiliximab, a strong immunosuppressant, may have a negative impact with 
respect to early HCC recurrence (i.e., within 1 year) in high-risk patients. (Clin Mol Hepatol 2014;20:192-203)
Keywords: Immunosuppression; Basiliximab; Microvascular invasion; PIVKA-II; AFP; 18F-PET scan

INTRODUCTION 

Hepatocellular carcinoma (HCC) is the seventh most common 

cancer and the third leading cause of cancer mortality worldwide.1 

Liver transplantation (LT) has become the treatment of choice for 

the early stage of unresectable HCC patients because it offers 

complete tumor excision along with the removal of the carcino-

genic liver. Unfortunately, tumor recurrence after LT still remains 

the main cause of death for HCC patients, and the incidence of re-

currence is reported to be between 15% and 20%.2 Tumor pro-

gression is more rapid and aggressive in immunosuppressed pa-

tients following LT. The degree of the immunosuppression 

negatively affects the post-LT recurrence of HCC as well as the 

long-term survival of such patients.3
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Attempts to identify clinical variables that influence tumor re-

currence have resulted in improved selection criteria for patients 

with favorable HCC. Tumor size, number, differentiation, vascular 

invasion, and the serum alpha-fetoprotein (AFP) levels are poten-

tial markers for recurrence.4-6 Research into the relation between 

immunosuppressive regimens and tumor recurrence are ongoing 

in animal models and a few clinical studies. Calcineurin inhibitors 

and steroids dose-dependently increase the risk of HCC recur-

rence, although these are main immunosuppressants in LT recipi-

ents.7-9 Sirolimus has an anti-proliferative and anti-tumor effect,10 

but is not approved for use in LT.11  The choice of immunosuppres-

sive regimen for decreasing tumor recurrence risk is still a matter 

of debate. 

Most research of immunosuppressants and HCC recurrence 

were analyzed in a deceased donor LT (DDLTs) setting. The immu-

nosuppressant requirements are usually lower in recipients of liv-

ing donor LTs (LDLTs) than in recipients of DDLTs. Recipients with 

hepatitis B related liver disease showed lower rejection rates com-

pared to the other disease categories.12 Our center is a large vol-

ume LDLT center and has mostly adult recipients (around 80%) 

with hepatitis B related liver disease.13 In this patient population, 

our center usually follows our immunosuppressant guidelines for 

HCC recipients consisting of low levels of tacrolimus (5 to 8 ng/mL 

during the first year and 5 ng/mL thereafter) and steroids which 

are usually tapered down within 6 months. Basiliximab, a chimeric 

monoclonal antibody of the interleukin-2 receptor antagonist, has 

been shown to be useful as induction therapy in the setting of 

pre-transplant renal dysfunction because it allows minimization 

and delayed introduction of calcineurin inhibitors after LT.14 An in-

duction therapy of basiliximab and addition of mycophenolate 

mofetil (MMF) has recently come into use in critically ill patients 

with encephalopathy or poor renal function, who were saved by 

delaying tacrolimus during the immediate post-LT period. 

The objective of this study was to retrospectively investigate the 

effect(s) of different immunosuppressant exposures on HCC recur-

rence after LT-along with the many clinical, pathological, and his-

tological factors-in a single large volume LDLT center.

METHODS

Patients

Between January 2005 and September 2009, 108 adult pa-

tients with HCC who received tacrolimus and steroids as the main 

immunosuppressant after LT at Seoul National University Hospital 

were evaluated. Of these patients, 15 patients (13.9%) were ex-

cluded: three patients with a history of other organ malignancy, 

four patients with metastasis in other organs at the time of the LT, 

and eight patients who changed main immunosuppressants within 

one year. Therefore, 93 patients were included as study subjects. 

Electronic medical records for these 93 patients were reviewed 

and the data collected 

Post-transplant surveillance for HCC recurrence included serum 

AFP, PIVKA-II level measurements during each outpatient clinic 

visit and abdominal CT scans for 1, 6, 12, 18, 24, and 36 months 

after transplantation. Chest CT scans and bone scans were con-

ducted if HCC recurrence was suspected in any clinical or serologi-

cal findings. The patients were evaluated via enhanced 3D-spiral 

CT scans, enhanced dynamic magnetic resonance imaging, and 

18-fluoro-2-deoxy-D-glucose positron emission tomography (18F-

FDG PET) scans. 

No neoadjuvant or adjuvant systemic chemotherapy was admin-

istered to the patients in this study.

All aspects of the retrospective study protocol were approved 

by our local Institutional Review Board (H-1110-100-382).

Clinical and pathological factors for HCC

In pre-transplant data, the recipient gender, age at the time of 

transplant, donor type, underlying liver disease, Child-Pugh class, 

medical Model for End-Stage Liver Disease (MELD) score without 

additional score for HCC, AFP level, protein induced by vitamin K 

absence-II (PIVKA-II) level, positive PET scans, and the pre-trans-

plant treatment were reviewed. The pathological status of the ex-

planted liver was reviewed; the number of tumors, tumor size, tu-

mor differentiation, microvascular invasion (MVI), serosal invasion, 

intrahepatic metastasis, tumor stage, and Milan criteria fulfillment 

were documented. A positive PET scan finding was defined as an 

observed greater uptake of 18F-FDG in a primary HCC lesion than 

in a background liver.15 Tumor differentiation was classified in four 

grades according to Edmondson-Steiner (ES) criteria, and tumor 

stages were determined by pTNM classification (AJCC 7th edition). 

For post-transplant data, the presence of histologically proven 

acute rejection (Banff score) episodes and their treatment were 

analyzed.

Immunosuppressive therapy

Tacrolimus dosage was adjusted to the target trough blood level 
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of 8 to 10 ng/mL for the first two weeks, followed by 5 to 8 ng/mL 

during the first year, and 5 ng/mL thereafter. Whole blood trough 

levels of tacrolimus were measured with a microparticle enzyme 

immunoassay (Tacrolimus, Abbott Laboratories, Abbott Park, IL). 

To assess the impact of tacrolimus exposure on tumor recurrence, 

average tacrolimus exposure was defined as the area under the 

curve (AUC) of tacrolimus levels plotted against time courses until 

the time to recurrence or one month, 3 month, 6 month, and one 

year after transplantation divided by the time of exposure to the 

tacrolimus.6 Tacrolimus blood levels at 3, 7, and 14 days, and 1, 3, 

6, 9, and 12 months were used for calculating the AUC. The AUC 

was calculated by using the trapezoidal rule.

Methylprednisolone was initially given intravenously for the first 

6 days after surgery and then changed to oral prednisolone. Ste-

roids were progressively tapered to discontinuation by 3 to 6 

months after LT. MMF was added in 28 patients (30.1%). The cu-

mulative dosages of steroids and MMF during the first year were 

calculated. Basiliximab was introduced in 43 recipients (46.2%). 

Statistical Analysis

Continuous variables are reported as the median (range) or 

mean ± the standard deviation, and differences in subgroups were 

compared using Student’s t -test. Categorical variables were re-

ported in a number of cases, and prevalence and differences in 

subgroups were compared using a chi-square test or Fisher’s exact 

test with Yates correction. The optimal cut-off of tacrolimus expo-

sure was obtained using receiver operating characteristic (ROC) 

curve. To analyze the impact of tumor recurrence by individual 

variables, a univariate Cox regression model was used. To identify 

independent variables that affect tumor recurrence, a stepwise 

multivariate Cox proportional hazard model was applied. Recur-

rence rates were calculated using survival analysis based on the 

Kaplan-Meier method, and a log-rank test was used to compare 

each subgroup. Null hypotheses of no difference were rejected if 

P-values were less than .05. Statistical analysis was performed using 

the SPSS Version 18.0 for Windows package (SPSS, Chicago, IL).

RESULTS 

The demographic data and tumor characteristics

The demographic data and tumor characteristics of the study 

populations are described in Table 1. The most common original 

liver disease was related to hepatitis B virus (83.9%). LDLT was 

performed in 90.3% (n=84) of the patients. The mean medical 

MELD score without additional point for HCC was 15.0 ±7.23 at 

the time of transplantation. The patients with serum AFP level of 

more than 400 ng/mL were 16.1% (n=15) and the patients with 

PIVKA-II level of more than 100 mAU/mL were 22.6% (n=21). 

Thirty-three percent (n=31) had undergone some form of pre-

transplant treatment against HCC, i.e., trans-arterial chemoembo-

lization, percutaneous ethanol injection therapy, or radiofrequency 

ablation including multiplex treatment. Based on the results of im-

aging studies, 75.3% (n=70) of the patients met radiologic Milan 

criteria. The PET scans were positive in 18.1% (n=17). 

Pathologic data showed that maximum tumor diameter of more 

than 5 cm was present in 7.5% (n=7) of the patients, and more 

than three tumors were present in 29.0% (n=27). A total of 

49.5% (n=46) patients showed grades 3 and 4 differentiation 

based on a worst of ES score system. MVI was noted in 6.5% 

(n=6) of the patients, serosal invasion in 12.9% (n=12), and intra-

hepatic metastasis in 14.0% (n=13) of the patients. The patholog-

ic tumor stage was pT1 in 53.8% (n=50), and more than pT2 in 

46.2% (n=43).

Survival Outcomes

The mean follow-up period for the entire study population was 

923 ± 344 (21-1095) days. Recurrence of HCC was observed in 12 

patients (12.9%) within one year after LT and in 18 patients 

(19.4%) within 3 year of LT. In other words, the overall one- and 

three-year recurrence free rate were 87.1% and 80.6%, respec-

tively (Fig.1). Recurrence was diagnosed between 71 and 771 days 

after LT (median 333 days). The sites of recurrence were the graft 

liver (n=4), lungs (n=3), bones (n=3), peritoneal seeding (n=3), 

celiac lymph node (n=1), adrenal gland (n=1), and multiple organs 

(n=4). Two patients died without HCC recurrence and are regard-

ed as censored cases. 

Analysis of Immunosuppressant

The average one month tacrolimus exposure was 9.32±2.04 

ng/mL, 3 month was 8.80±1.74 ng/mL, 6 month was 8.10±1.47 

ng/mL, and one year was 7.23±1.31 ng/mL. There were no signifi-

cant differences between the patients with and without 1-year re-

currence in tacrolimus average exposure during the entire course 

of this study (Table 2). However, one year tacrolimus average ex-

posure in patients with 3-year recurrence (7.97±1.35 ng/mL) was 
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higher than patients without recurrence (7.05±1.24 ng/mL) 

(P=0.015). A cut-off point of one year average exposure to tacroli-

mus ≥ 7.5 ng/mL was identified by ROC analysis, with an AUC of 

0.701 (95% CI 0.562-0.840), sensitivity of 72.2% and specificity 

of 64.9%. There was a high proportion of patients with high ex-

posure to tacrolimus (≥ 7.5 ng/mL) in 3-year recurrence group 

(72.2%) than non-recurrence group (35.2%) (P=0.007) (Table 3). 

The one year cumulative steroid dosage was 3,940.10±1417.16 

(2,060-14,296) mg. There were no differences in cumulative ste-

roid dosage between the patients with one-year HCC recurrence 

(3,620.9±538.6 mg) and the patients without recurrence 

(3,788.2±749.2 mg) (P=0.459). The cumulative steroid dosage 

was not different between the patients with 3-year HCC recur-

rence (3,575.7±480.7 mg) and the patients without recurrence 

(3,813.0±767.8 mg) (P=0.211). 

The one year cumulative MMF dosage was 201.6±11.9 (120.0-

412.0) g. The cumulative MMF dosage was not different between 

the patients with one-year HCC recurrence (141.0±86.5 g) and the 

patients without recurrence (232.0±120.1 g) (P=0.061). The cu-

mulative MMF dosage was also not different between patients 

with 3-year HCC recurrence (177.3±124.3 g) and patients without 

recurrence (224.2±117.3 g) (P=0.374). 

Table 1. Characteristics of the patients and their tumors

Variables 

Clinical information

   Age (median years, range) 53 (32-65)

   Sex (male/female), n (%) 75 (80.6)/ 18 (19.4)

   Donor type (living/ deceased), n (%) 84 (90.3)/ 9 (9.7)

   Etiology

      Non-viral/HBV/HCV/HBV + HCV, n (%) 4 (4.3)/78 (83.9)/9 (9.7)/2 (2.1)

   Medical MELD score (mean ± SD) 15.30 ± 7.23

   Child-Pugh class 

      Class A/Class B/Class C, n (%) 22 (23.7)/38 (40.8)/33 (35.5)

   AFP (ng/mL) (≤ 400/> 400), n (%) 78 (83.9)/15 (16.1)

   PIVKA-II level (mAU/mL) ≤100/>100, n (%) 72 (77.4)/21 (22.6)

   PET (positive/negative), n (%) 17 (18.1)/76 (81.9)

   Preoperative treatment (yes/no), n (%) 31 (33.3)/62 (66.7)

   Milan criteria (fulfilled/unfulfilled), n (%) 70 (75.3)/23 (24.7)

Pathologic data of HCC

   Maximum tumor diameter (≤ 5 cm/>5 cm), n (%) 86 (92.5)/7(7.5) 

   Number of tumors (< 3/≥ 3), n(%) 66 (71.0)/27(29.0)

   Tumor differentiation, worst (ES grade)

      Grade 1-2/Grade 3-4, n (%) 47 (50.5)/46 (49.5)

   Microvascular invasion (yes/no), n (%) 6 (6.5)/87 (93.5)

   Serosal invasion (yes/no), n (%) 12 (12.9)/81 (87.1)

   Intrahepatic metastasis (yes/no/unknown) 13 (14.0)/78 (83.9)/2 (2.1)

   Pathologic tumor stage (pT1/pT2-pT3) 50 (53.8)/43 (46.2)

Immunosuppression 

   Rejection episode (yes/no), n (%) 16 (17.2)/77 (82.8)

   Use of basiliximab (yes/no), n (%) 43 (46.24)/50 (53.76)

   Tacrolimus + MMF + steroids/tacrolimus + steroids, n (%) 28 (30.1)/65 (69.9)

HBV, Hepatitis B virus; HCV, Hepatitis C virus; MELD, Model for End-Stage Liver Disease; SD, standard deviation; AFP, 
alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence II; ES, Edmondson-Steiner; MMF, Mycophenolate 
mofetil; PD, Prednisolone; PET, positron emission tomography.
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The basiliximab induction therapy was more frequently used in 

one-year recurrence group than non-recurrence group (75.0% vs. 

42.0%, P=0.032); however the frequency of basiliximab induction 

therapy was not significantly different between patients with and 

without 3-year recurrence (61.1% vs. 42.7%, P=0.159)

Factors affecting the one-year recurrence out-
comes

With regard to non-pharmacological factors, pre-transplant AFP 

levels over 400 ng/mL (P<0.001), PIVKA-II levels over 100 mAU/mL 

(P=0.002), tumor sizes over 5 cm (P=0.018), tumor differentiation 

of G3-G4 (P=0.025), PET positive (P<0.001), MVI (P<0.001), sero-

sal invasion (P =0.026), pathologic tumor stage pT2-pT3 

(P=0.016), and unfulfilled radiologic Milan criteria (P=0.005) were 

variables that significantly affected one-year HCC recurrence by 

univariate analysis. With regard to pharmacological factors, and 

use of induction therapy with basiliximab (P=0.043) affected one 

year HCC recurrence by univariate analysis (Table 4). 

In multivariate analysis, the variates found significant (p-value 

<0.05) by univariate analysis except tumor size which is associated 

with both Milan criteria and tumor stage were included. In multi-

variate Cox regression analysis adjusted for age, gender, and med-

ical MELD score, AFP levels (HR: 87.24, 95% CI: 9.25-822.64, 

P<0.001), induction therapy with basiliximab (HR: 19.73, CI: 2.78-

134.00, P=0.003), PIVKA-II levels (HR: 11.42, CI: 2.04-63.83, 

P=0.006), and MVI (HR: 6.06, CI: 1.23-29.91, P=0.0271) (Fig.2) 

were independently and significantly associated with one-year re-

currence outcome (Table 4).

Factors affecting the 3-year recurrence out-
come 

With regard to non-pharmacological factors, pre-transplant AFP 

levels over 400 ng/mL (P<0.001), PIVKA-II levels over 100 mAU/

mL (P<0.001), tumor sizes over 5 cm (P=0.002), tumor differentia-

tion of G3-G4 (P=0.002), PET positive (P<0.001), MVI (P=0.001), 

serosal invasion (P<0.001), TNM stage pT2-pT3 (P=0.002), and 

unfulfilled radiologic Milan criteria (P=0.004), number of tumors 

more than 3 (P=0.027), and intrahepatic metastasis (P=0.022) 

were variables that significantly affected HCC recurrence by uni-

variate analysis. With regard to pharmacological factors, one year 

average tacrolimus exposure more than 7.5 ng/mL (P=0.008) af-

fected 3-year HCC recurrence by univariate analysis (Table 5).

In multivariate analysis, the variates found significant (P-value 

<0.05) except tumor size and tumor number which are associated 

with both Milan criteria and tumor stage were included. By a mul-

tivariate Cox regression analysis adjusted for age, gender, and 

medical MELD score, AFP levels (HR: 15.99, 95% CI: 4.42-57.88, 

P<0.001), PIVKA-II levels (HR: 4.25, CI: 1.24-214.56, P=0.021), 

and PET positive (HR: 9.49, CI: 2.47-36.47, P=0.001) were inde-

pendently and significantly associated with three-year recurrence 

outcome (Table 5).

DISCUSSION

Immunosuppressive therapy after LT has changed over the last 

10 years. Minimization of calcineurin inhibitor exposure and ste-

roid therapy combination with MMF has become widely adopted. 

Although postoperative immunosuppression can accelerate tumor 

growth, there are only a few studies that investigate the possible 

influence of different immunosuppressive agents on HCC recur-

rence after liver transplantation.4,6 In contrast, it is widely accepted 

that the pathologic status of HCC is closely related to the risk of 

HCC recurrence, and patient survival has improved by establishing 

Milan criteria for selecting transplant candidates.5,16-20 In this re-

gard, we focused on immunosuppressive agents and the early re-

currence (within one year) of HCC because exposure to immuno-

suppressants was maximal during this period, the HCC which were 

recurred within one year might have aggressive nature, and the 

late recurrence of HCC might be related to many complex factors. 

In our study, basiliximab induction therapy was the independent 

risk factor of early recurrence within one-year. This could be ex-

plained by the effect of strong immunosuppression on the early 

Figure 1. Recurrence-free interval curve after liver transplantation in 
patients with HCC. The 1- and 3-year recurrence-free rates were 87.1% 
and 80.6%, respectively.
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Table 2. Comparison of the characteristics of patients with/without 1-year recurrence

Variables Recurrence group (n=12) Non- Recurrence group (n=81) P-value

Age (mean±SD) 56.6±4.23 52.6±7.06 0.013

Sex (Male/Female), n (%) 10 (83.3)/2 (16.7) 65 (80.2)/16 (19.8) 0.801

Donor type (Living/Deceased), n (%) 11 (91.7)/1 (8.3) 73 (90.1)/8 (9.9) 0.866

Etiology

   Non-viral/HBV, n (%)/HCV/HBV+HCV, n (%) 0 (0)/10 (83.3)/2 (16.7)/0 (0) 4 (4.9)/68 (84.0)/7 (8.6)/2 (2.5) 0.663

Medical MELD score (mean±SD) 15.07±5.61 15.35±7.56 0.821

Child-Pugh class 

   Class A/Class B/ Class C, n (%) 2 (16.7)/ 6 (50.0)/4 (33.3) 20 (24.7)/32 (39.5)/29 (35.8) 0.747

AFP level (ng/mL)  

   ≤ 400/> 400, n (%) 3 (25.0)/9 (75.0) 75 (92.6)/6 (7.4) <0.001

PIVKA-II level (mAU/mL)

   ≤ 100/> 100 / Unknown, n (%) 4 (36.4)/7 (63.6)/1 (8.3) 63 (81.8)/14 (18.2)/4 (0.5) 0.001

PET (positive/negative), n (%) 8 (80.0)/2 (20.0) 9 (13.2)/59 (86.8) <0.001

Perioperative treatment (yes/no), n (%) 6 (50.0)/6 (50.0) 25 (20.9)/56 (69.1) 0.189

Milan criteria fulfilled (yes/no), n (%) 5 (41.7)/7 (58.3) 65 (80.2)/16 (19.8) 0.004

Number of tumors

   < 3/≥ 3, n (%) 6 (50.0)/6 (50.0) 60 (74.1)/21 (25.9) 0.086

Maximum tumor diameter

   ≤ 5 cm/> 5 cm, n (%) 9 (75.0)/3 (25.0) 77 (95.1)/4 (4.9) 0.014

Tumor differentiation, worst (ES grade)

   Grade 1-2/ Grade 3-4, n (%) 2 (16.7)/10 (83.3) 45 (55.6)/36 (44.4) 0.012

Microvascular invasion (yes/no), n (%) 4 (33.3)/8 (66.7) 2 (2.5)/79 (97.5) <0.001

Serosal invasion (yes/no), n (%) 4 (33.3)/8 (66.7) 8 (9.9)/73 (90.1) 0.024

Intrahepatic metastasis (yes/no) 3(30.0)/7 (70.0) 10 (12.3)/71 (87.7) 0.132

Pathologic tumor stage 

   pT1/pT2-pT3 2 (16.7)/10 (83.3) 48 (59.3)/33 (40.7) 0.006

Rejection episode (yes/no), n (%) 2 (16.7)/10(83.3) 14 (17.3)/67 (82.7) 0.958

Immunosuppression

   Use of Basiliximab (yes/no) 9 (75.0)/3 (25.0) 34 (42.0)/47 (58.0) 0.032

   Tacrolimus+MMF+Steroids, n (%) 6 (50.0) 22 (27.2) 0.107

   Tacrolimus+Steroids, n (%) 6 (50.0)  59 (72.8)

   Tacrolimus average exposure*

      During first 1 month 9.02±2.36 9.37±2.00 0.580

      During first 3 month 8.80±1.71 8.81±1.76 0.980

      During first 6 month 8.35±1.49 8.07±1.47 0.538

      During first 1 year 7.83±1.49 7.14±1.26 0.087

   High tacrolimus exposure† (yes/no), n(%) 8 (66.7)/4 (33.3) 31 (38.8)/49 (61.2) 0.115

   1-year cumulative steroid dosage (mg), (mean±SD) 3620.94±538.63 3788.24±749.18 0.459

   1-year cumulative MMF dosage (g), (mean±SD) 141.04±86.47 231.99±120.10 0.061

HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for End-Stage Liver Disease; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence 
II; MMF, mycophenolate mofetil.
*Tacrolimus average exposure was defined as the area under the curve (AUC) of tacrolimus levels plotted against time courses until the time to recurrence or 1, 
3, 6 month and one year after transplantation.
†High tacrolimus exposure was defined as one year average tacrolimus exposure ≥7.5 ng/mL.
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Table 3. Comparison of the characteristics of patients with/without 3-year recurrence

Variables Recurrence group (n=18) Non- Recurrence group (n=75) P-value

Age (mean ± SD) 56.6±4.23 52.6±7.06 0.063

Sex (Male/Female), n (%) 16 (88.9)/2 (11.1) 59 (78.7)/16 (21.3) 0.324

Donor type (Living/Deceased), n (%) 17 (94.4)/1 (5.6) 67 (89.3)/8 (10.7) 0.510

Etiology

   Non-viral/HBV/HCV/ HBV + HCV, n (%) 0 (0)/15 (83.3)/2 (11.1)/1 (5.6) 4(5.3)/63(84.0)/7(9.3)/1(1.3) 0.530

Medical MELD score (mean±SD) 15.07±5.61 15.35±7.56 0.892

Child-Pugh class 

   Class A/Class B/Class C, n (%) 4 (22.2)/8 (44.4)/6 (33.3) 22 (23.7)/38( 40.9)/33(35.5) 0.942

AFP level (ng/mL)  

   ≤ 400 /> 400, n (%) 7 (38.9)/11 (61.1) 71 (94.7)/4 (5.3) <0.001

PIVKA-II level (mAU/mL)

   ≤ 100 /> 100 /Unknown, n (%) 7 (38.9)/10 (55.6)/1 (5.6) 60 (80.0)/11 (14.7)/4 (5.3) <0.001

PET (positive/negative), n (%) 11 (68.8)/5 (31.3) 6(9.7)/56(90.3) <0.001

Perioperative treatment (yes/ no), n (%) 9 (50.0)/9 (50.0) 22 (29.3)/53(70.7) 0.095

Milan criteria fulfilled (yes/ no), n (%) 9 (50.0)/9 (50.0) 61 (81.3)/14 (18.7) 0.006

Number of tumors

   < 3 /≥ 3, n (%) 9 (50.0)/9 (50.0) 57 (76.0)/18 (21.8) 0.029

Maximum tumor diameter

   ≤ 5 cm/> 5 cm, n (%) 14 (77.8)/4 (22.2) 72 (96.0)/3 (4.0) 0.008

Tumor differentiation, worst (ES grade) 

   Grade 1-2/ Grade 3-4, n (%) 2 (11.1)/ 6 (88.9) 45 (60.0)/30 (40.0) <0.001

Microvascular invasion (yes/ no), n (%) 4 (22.2)/14 (77.8) 2 (2.7)/73 (97.3) 0.002

Serosal invasion (yes/ no), n (%) 8 (44.4)/10 (55.6) 4 (5.3)/71 (94.7) <0.001

Intrahepatic metastasis (yes/ no), n (%) 5 (31.3)/11 (68.8) 8 (10.7)/67 (89.3) 0.033

Pathologic tumor stage 

   pT1/ pT2-pT3 3 (16.7)/15 (83.3) 47 (62.7)/28 (37.3) <0.001

Rejection episode (yes/ no), n (%) 5 (27.8)/13 (72.2) 11(14.7)/64 (85.3) 0.186

Immunosuppression

   Use of Basiliximab (yes/ no) 11 (61.1)/7 (38.9) 32 (42.7)/43 (57.3) 0.159

   Tacrolimus + MMF + Steroids, n (%) 7 (38.9) 21 (28.0) 0.366

   Tacrolimus + Steroids, n (%) 11 (61.1)  54 (72.0)

   Tacrolimus average exposure*

      During first 1 month 9.43±2.47 9.30±1.94 0.844

      During first 3 month 9.10±1.57 8.73±1.79 0.399

      During first 6 month 8.51±1.29 8.01±1.50 0.163

      During first 1 year 7.97±1.35 7.05±1.24 0.015

   High tacrolimus exposure† (yes/no), n(%) 13 (72.2)/5 (27.8) 26 (35.1)/48 (64.8) 0.007

   1-year cumulative steroid dosage (mg), (mean ± SD) 3573.71±480.74 3812.96±767.82 0.211

   1-year cumulative MMF dosage (g), (mean ± SD) 177.32±124.27 224.23±117.27 0.374

HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for End-Stage Liver Disease; AFP, alpha-fetoprotein; PIVKA-II, protein induced by vitamin K absence 
II; MMF, mycophenolate mofetil
*Tacrolimus average exposure was defined as the area under the curve (AUC) of tacrolimus levels plotted against time courses until the time to recurrence or 1, 
3, 6 month and one year after transplantation.
†High tacrolimus exposure was defined as one year average tacrolimus exposure ≥ 7.5 ng/mL.
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period of transplant on the recurrence of aggressive nature of 

HCC. The impact of the immunosuppression disappeared during 

follow up analysis for 3-year recurrence.

In this study, exposure to immunosuppressant was analyzed us-

ing only within first postoperative year data to avoid the possible 

bias of a longer follow-up period of non-recurrent patients, as 

66.7% of the recurrent patients were detected within one year af-

ter transplantation. The average tacrolimus exposure during first 1, 

3, and 6 month was not significantly different between recurrence 

group and non-recurrence group. However, one year average ta-

crolimus exposure was higher in patients with recurrence. Because 

38.9% of recurrence patients are detected within 6 months and 

the tacrolimus levels usually go to the lower end of the target 

range as time goes on after transplantation, the shorter follow up 

time of the patients who recurred early might lead to the higher 

calculated average tacrolimus exposure. On the other hand, de-

spite the difference of average one year tacrolimus exposure, aver-

age tacrolimus exposure is not an independent risk factor of HCC 

recurrence, which is inconsistent with previous results demonstrat-

ing the effects of calcineurin inhibitors on HCC recurrence.7-8,21 Vi-

varelli et al. reported that the cumulative dose of cyclosporine 

during the first year was an independent risk factor for five-year 

recurrence free survival.4 The same group reported that overexpo-

sure to tacrolimus (cut-off level of 10 ng/mL) during the first year 

after transplantation increased the risk of HCC recurrence.6 The 

suggested mechanism was that calcineurin inhibitors are involved 

in increased tumor growth factor-β, vascular endothelial growth 

factor, and the inhibition of DNA repair.21 One of the reasons we 

could not observe a negative effect of high tacrolimus exposure 

on HCC recurrence may be due to the relatively low one-year aver-

age tacrolimus exposure in both the recurrence (7.97±1.35) and 

non-recurrence groups (7.05±1.24) in this study compared with 

that reported in the non-recurrence group in the previous study.4 

This kind of low-level tacrolimus maintenance therapy and the 

early tapering of steroids was possible due to most of our cases 

being living donor recipients with underlying hepatitis B related 

liver disease.12,14 Many investigators reported that early steroid 

withdrawal regimens reduce tumor recurrence and do not increase 

rejection rates.9 In our study, correlation between one-year cumu-

lative steroid dosage and tumor recurrence was not observed be-

cause most of the patients withdrew steroids after approximately 

six months, and because the difference between cumulative dos-

ages was not significant. 

The Child-Pugh classes and medical MELD scores of the pa-

tients treated with basiliximab were different from the patients in 

the non-basiliximab group (data not shown) as expected. This se-

lection bias could be due to the limitations of the retrospective 

design of this study. However, Child-Pugh classes and MELD 

scores were not shown as significant risk factors for HCC recur-

rence in the Cox-adjusted regression analysis. Induction therapy 

with anti-lymphocyte antibodies such as OKT-3 (anti-CD3 anti-

body) or anti-thymocyte globulin has been reported to increase 

the risk of HCC recurrence.22 Although in previous reports, basilix-

imab induction in combination with tacrolimus-based immunosup-

pressive regimens did not increase the risk of post-transplant lym-

phoproliferative disease, the direct impact of basiliximab on HCC 

recurrence has not been investigated.23-25 In a study conducted by 

Ramirez et al., three (18%) recipients with HCC developed and 

died of metastatic HCC in the basiliximab group compared with 

none in the placebo group, not statistically significant.22 In a re-

cent study based on large registry data, the use of CD25 antibody 

induction improved the survival rate after transplantation for HCC. 

However, they were not able to access the data on HCC recur-

rence.10 Although some research using anti-CD25 antibodies in 

cancer immunotherapy has been conducted, the basiliximab doses 

used for those purposes is different from that used in transplanta-

tion. Okita et al have demonstrated that, at low concentrations of 

basiliximab (under 0.06 μg/mL), CD4+CD25high regulatory T (T-reg) 

cells were selectively inhibited, allowing the tumor cells to escape 

from the host immune attack.26 Also, at concentrations under 0.01 

Figure 2. Recurrence-free interval curve according to induction 
therapy with basiliximab (Cox-adjusted model for age, gender, AFP 
and PIVKA-II levels, microvascular invasion, and Model for End-Stage 
Liver Disease score). Induction therapy with basiliximab, high AFP 
(>400 ng/mL) and PIVKA-II (>100 mAU/mL) levels, and microvascular 
invasion were significant risk factors for 1-year recurrence (P<0.05).
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µg/mL, basiliximab enhanced interferon-gamma production of ac-

tivated peripheral blood mononuclear cells. However, at a concen-

tration of 1µg/mL, an almost complete reduction of CD4+CD25low 

cells to an undesirable degree, along with CD4+CD25high cells, and 

the inhibition of interferon-gamma production occurs when basil-

iximab concentration is over 0.1 μg/mL.26 After a single 20-mg in-

jection of basiliximab, the immediate serum concentrations of 

basiliximab generally ranged from 5-10 mg/L and declined over 

time, with a terminal half-life 13.4 days.27 Thus a relatively high 

dose of basiliximab (20 mg) is currently used in transplantation 

and results in a long-lasting, complete disappearance of all CD25+ 

cells, including the tumor-specific effector cytotoxic T-cells in-

volved in tumor eradication. Therefore, more research is needed to 

confirm the correlation between induction therapy with basilix-

imab and HCC recurrence.

In this study, we analyzed other factors, including pathologic 

findings, as well as the exposure of immunosuppressive agents af-

fecting the early recurrence of HCC. Consistent with other studies, 

pre-transplant MVI, AFP and PIVKA-II levels, were significantly 

and independently correlated with HCC recurrence.28-36 Pre-opera-

tive needle core biopsy provides exact histological information on 

tumors, but this procedure is not recommended due to the risk of 

tumor seeding. Therefore, correlation between tumor markers, i.e., 

serum AFP, PIVKA-II, and post-transplant histological findings is 

Table 4. Univariate and multivariate Cox regression analyses of risk factors for 1-year recurrence 

Variables (n)
Univariate analysis Multivariate analysis

HR 95% CI P-value HR 95% CI P-value

Age (more than 50 years) 6.91 0.89-53.57 0.064 – – –

Female gender 0.81 0.18-3.72 0.791 – – –

Deceased donor 0.97 0.13-7.50 0.975 – – –

None viral/HBV/HCV/HBV+HCV 1.39 0.48-3.97 0.544 – – –

Child-Pugh class  A/B/C 1.15 0.54-2.44 0.719 – – –

Medical MELD score 0.99 0.90-1.09 0.88 – – –

AFP level >400 ng/mL 24.11 6.47-89.91 <0.001 87.24 9.25-822.64 <0.001

PIVKA-II level >100 mAU/mL 6.00 1.90-18.94 0.002 11.42 2.04-63.83 0.006

PET positive 11.43 3.43-38.10 <0.001 – – –

Presence of preoperative treatment 2.17 0.7-6.73 0.18 – – –

Number of tumors ≥3 2.77 0.89-8.58 0.078 – – –

Maximum tumor diameter > 5 cm 4.84 1.31-17.89 0.018 – – –

Tumor differentiation G3-G4 5.70 1.25-26.00 0.025 – – –

Presence of microvascular invasion 10.57 3.16-35.40 <0.001 6.06 1.23-29.91 0.027

Presence of serosal invasion 3.9 1.17-12.96 0.026 – – –

Presence of intrahepatic metastasis 3.06 0.79-11.83 0.106 – – –

Pathologic tumor stage, pT2-pT3 6.51 1.43-29.72 0.016 – – –

Milan criteria unfulfilled 5.12 1.62-16.13 0.005 – – –

Presence of rejection episode 0.89 0.20-4.08 0.884 – – –

Immunosuppression

   Use of MMF 2.36 0.76-7.32 0.125 – – –

   Use of basiliximab 3.87 1.05-14.29 0.043 19.73 2.78-134.00 0.003

   High tacrolimus exposure* 3.00 0.94-9.98 0.073

   1-year cumulative steroid dosage (mg) 1.00 0.10-1.00 0.351 – – –

   1-year cumulative MMF dosage (g) 1.00 1.00-1.00 0.128 – – –

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for End-Stage Liver Disease; AFP, alpha-fetoprotein; PIVKA-II, 
protein induced by vitamin K absence II; MMF, mycophenolate mofetil
*High tacrolimus exposure was defined as one year average tacrolimus exposure ≥ 7.5 ng/mL.
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important to predict HCC recurrence after LT. Among several 

pathologic factors, MVI is one of the strongest prognostic risk fac-

tors for tumor recurrence.33-35

According to this study results, basiliximab induction therapy 

might have a negative impact as a strong immunosuppression on 

early HCC recurrence within one year. Therefore, basiliximab in-

duction therapy should be cautious for the high risk patients of 

early HCC recurrence according to the guidance of pre-transplant 

risk factors. If the patient’s pre-transplant medical condition is 

poor requiring basiliximab induction therapy, but the patient has 

HCC with poor biology, i.e., high AFP/PIVKA-II levels, a baseline 

immunosuppressant with a calcineurin inhibitor and a steroid must 

be lowered or delayed in order to avoid excessive immunosuppres-

sion. However, due to the limitations of retrospective design and 

relatively small sample size of our study, prospective randomized 

studies with large sample size are needed to confirm the impact of 

basiliximab induction therapy on early HCC recurrence after LT.
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Table 5. Univariate and multivariate Cox regression analyses of risk factors for 3-year recurrence

Variables (n) Univariate Analysis Multivariate Analysis

HR 95% CI P-value HR 95% CI P-value

Age (more than 50 years) 1.69 0.60-4.75 0.317 – – –

Female gender 0.51 0.12-2.22 0.510 – – –

Deceased donor 0.65 0.09-4.86 0.671 – – –

None viral/HBV/ HCV/HBV+HCV 1.71 0.77-3.79 0.189 – – –

Child-Pugh class  A/B/C 1.04 0.57-1.92 0.892 – – –

Medical MELD score 0.99 0.93-1.07 0.980 – – –

AFP level >400 ng/mL 15.61 5.95-40.92 <0.001 15.99 4.52-57.88 <0.001

PIVKA-II level >100 mAU/mL 6.50 2.46-17.16 <0.001 4.25 1.24-214.56 0.021

PET positive 11.92 4.12-34.53 <0.001 9.49 2.47-36.47 0.001

Presence of preoperative treatment 2.22 0.89-5.60 0.090 – – –

Number of tumors ≥3 3.22 1.15-9.02 0.027 – – –

Maximum tumor diameter >5 cm 5.87 1.91-17.92 0.002 – – –

Tumor differentiation G3-G4 9.70 2.23-42.17 0.002 – – –

Presence of microvascular invasion 7.13 2.32-21.89 0.001

Presence of serosal invasion 6.98 2.74-17.76 <0.001 – – –

Presence of intrahepatic metastasis 3.43 1.19-9.88 0.022 – – –

Pathologic tumor stage, pT2-pT3 6.90 2.00-23.84 0.002 – – –

Milan criteria unfulfilled 3.85 1.53-9.71 0.004 – – –

Presence of rejection episode 1.77 0.63-4.96 0.278 – – –

Immunosuppression

   Use of MMF 1.22 0.47-3.15 0.681 – – –

   Use of basiliximab 2.12 0.82-5.48 0.120

   High tacrolimus exposure* 3.63 1.36-9.67 0.008

   1-year cumulative steroid dosage (mg) 1.00 0.99-1.00 0.143 – – –

   1-year cumulative MMF dosage (g) 0.309 1.00-1.00 – – –

HR, hazard ratio; CI, confidence interval; HBV, hepatitis B virus; HCV, hepatitis C virus; MELD, model for End-Stage Liver Disease; AFP, alpha-fetoprotein; PIVKA-II, 
protein induced by vitamin K absence II; MMF, Mycophenolate mofetil
*High tacrolimus exposure was defined as one year average tacrolimus exposure ≥ 7.5 ng/mL.
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