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Abstract
AIM: To investigate the impact of high-dose hepatitis B immunoglobulin (HBIG) of hepatocellular carcinoma (HCC) and hepatitis B virus (HBV) recurrence and overall survival after living donor liver transplantation (LDLT). 

METHODS: We investigated 168 patients who underwent LDLT due to HCC, and who were HBV-DNA/hepatitis B e antigen (HBeAg) -positive, from January 2008 to December 2013. After assessing whether the patients met the Milan criteria, they were assigned to the low-dose HBIG group and high-dose HBIG group. Using the propensity score 1:1 matching method, 38 and 18 pairs were defined as adhering to and not adhering to the Milan criteria. For each pair, HCC recurrence, HBV recurrence and overall survival were analyzed by the Kaplan-Meier method and the log rank test according to the HBIG dose. 

RESULTS: Among those who met the Milan criteria, the 6-month, 1-year, and 3-year HCC recurrence-free survival rates were 88.9%, 83.2%, and 83.2% in the low-dose HBIG group and 97.2%, 97.2%, and 97.2% in the high-dose HBIG group, respectively (P = 0.042). In contrast, among those who did not meet the Milan criteria, HCC recurrence did not differ according to the HBIG dose (P = 0.937). Moreover, HBV recurrence and overall survival did not differ according to the HBIG dose among those who met (P = 0.317 and 0.190, respectively) and did not meet (P = 0.350 and 0.987, respectively) the Milan criteria. 

CONCLUSION: High-dose HBIG therapy can reduce HCC recurrence in HBV-DNA/HBeAg-positive patients after LDLT.
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Core tip: This is a single center analysis of the effects of high-dose hepatitis B immunoglobulin (HBIG) therapy on the recurrence of hepatocellular carcinoma  and hepatitis B in hepatitis B virus (HBV)-DNA/ hepatitis B e antigen (HBeAg)-positive patients after LDLT. High-dose HBIG therapy can be helpful in improving recurrence-free survival in HBV-DNA/HBeAg-positive recipients who met the Milan criteria. In contrast, high-dose HBIG therapy was not effective in improving recurrence-free survival in HBV-DNA/HBeAg-positive recipients who did not meet the Milan criteria. Recurrence of hepatitis B and overall survival were not affected by the HBIG dose in HBV-DNA/HBeAg-positive recipients regardless of the Milan status.
Lee EC, Kim SH, Lee SD, Park H, Lee SA, Park SJ. High-dose hepatitis B immunoglobulin therapy in hepatocellular carcinoma with hepatitis B virus-DNA/ hepatitis B e antigen -positive patients after living donor liver transplantation. World J Gastroenterol 2016; In press

INTRODUCTION 
Hepatocellular carcinoma (HCC) is the most common type of primary liver cancer. Approximately 700000 people are annually diagnosed with HCC worldwide. This condition usually develops in patients with cirrhosis, and is common in areas with a high prevalence of infection with hepatitis B and C viruses, such as Africa and East Asia[1]. In South Korea, HCC is the fifth most common cancer, and the hepatitis B virus (HBV) is its most important risk factor for HCC, accounting for approximately 70% of all HCC cases[2]. Despite the available therapeutic treatment of HCC, such as liver transplantation and resection, tumor recurrence remains problematic. The HCC recurrence rate after orthotopic liver transplantation (OLT) reportedly ranges from 15% to 20%, whereas the survival rate among patients with recurrent HCC is reportedly 22% within 5 years[3-5].

The results of liver transplantation have markedly improved as a result of the rapid evolution of hepatitis B treatment strategies over the past decades. In 1991, Samuel et al. reported a HBV recurrence prevention rate of approximately 80% with hepatitis B immune globulin (HBIG) after liver transplantation[6]. Since then, HBIG has become an important component of the prevention strategy for HBV. Despite the use of nucleos(t)ide analogues (NAs) such as lamivudine that have a superior efficacy, an increase in the hepatitis B recurrence rate was observed due to the emergence of HBV-DNA mutants in the long-term follow-up[7]. Subsequently, combination prophylaxis with HBIG and NAs became the standard method for HBV after OLT.

It is well known that HBV induces HCC[8,9]. Some researchers have indicated that the viral replication status is a predictor of relapse after HCC surgery[10,11]. However, the relationship between the HBIG dose and HCC recurrence or overall survival rate after OLT has not yet been established. In the present study, we aimed to determine the effect of high-dose HBIG therapy on HCC recurrence, HBV recurrence, and overall survival in HBV-DNA/ hepatitis B e antigen (HBeAg) -positive patients after living donor liver transplantation (LDLT).

MATERIALS AND METHODS
Patients
From January 2008 to December 2013, 168 patients with HCC who were HBV-DNA/HBeAg-positive underwent LDLT at the National Cancer Center in the Republic of Korea. Those who have extrahepatic metastasis or obvious cases of major vascular incidents, such as portal vein or hepatic veins, have been excluded from the research. Patients with any other types of cancers in addition to HCC, severe cardiopulmonary comorbidity, active drug or alcohol abuse or active septic infections have also been excluded. The clinicopathologic variables of such patients, including age, sex, Child-Pugh score, alpha-fetoprotein (AFP) level, tumor number, largest tumor size, Edmondson-Steiner grade, major vessel (major branch of the hepatic vein/portal vein) invasion, microvascular invasion, bile duct invasion, and satellite nodule were analyzed. This study was approved by our Institutional Review Board.
HBV prophylaxis
Prior to May 2011, HBIG was administered to patients with HCC who were HBV-DNA/HBeAg-positive before OLT, as follows: 10000 IU of HBIG (Green Cross Corp., Seoul, South Korea) was administered daily for the first week, after which is was administrated weekly for 1 mo. Thereafter, 10000 IU/L of HBIG was administered according to the serum hepatitis B surface antibody (anti-HBs) titer to maintain a titer of greater than 500 IU/L during the first year, and greater than 200 IU/L thereafter.

After May 2011, 20,000 IU of HBIG was administered daily for the first week, after which it was administered weekly for the rest of the month. Thereafter, 20000 IU of HBIG was administered monthly for 1 year, followed by administrations at varying doses to maintain a serum anti-HBs titer of > 200 IU/L. 

For patients who were taking an anti-viral agent before OLT, the same drug was administered. In other cases, entecavir (ETV) was administered following LDLT.
Immunosuppression

For induction therapy, 20 mg of basiliximab was administered on the operation day and on postoperative day 4. The immunosuppressive regimens consisted of a combination of tacrolimus, mycophenolate mofetil and corticosteroids after high-dose steroid administration during the operation. The initial target levels of tacrolimus ranged from 8 to 12 ng/mL, and mycophenolate mofetil was started with a dose of 1.5 g/d. The corticosteroid doses were reduced until they were discontinued over 6 months after LDLT.

Surveillance for HCC recurrence, HBV recurrence, and overall survival
In each patient, post-transplantation follow-up was initially performed weekly after hospital discharge, and was then conducted bi-weekly or monthly, as clinically indicated. Biochemical tests were performed for assessing liver function, AFP levels, HBsAg levels, and anti-HBs titers at each visit. The serum HBV-DNA titer was also monitored regularly in all the patients for 1 year after LDLT. Thereafter, the patients were followed up for recurrence approximately every 2 or 3 mo for 1 year, and every 6 months for the next 3 years.

The definition of HBV recurrence was detectable HBsAg or HBV-DNA. HBsAg and HBeAg were measured via chemiluminescent microparticle immunoassay (CMIA). The quantitative measurement of HBV-DNA was performed as follows. From January to April 2008, the serum HBV-DNA titers were monitored using the antibody capture solution hybridization HBV-DNA quantitative assay (Digene Hybrid Capture II Assay; Digene Corp., Beltsville, Md., United States), which had a lower detection limit of 100000 copies/mL[12]. Between May 2008 and April 2011, the COBAS AMPLICOR HBV MONITOR test (Roche Molecular Systems, Pleasanton, Calif., United States) was used, which had a lower detection limit of 2000 copies/mL[12]. After May 2011, the Abbott RealTime assays (Abbott Laboratories, Des Plaines, IL, United States) was used, which had a lower quantification limit of 70 copies/mL[13-16].

And imaging studies, including abdomen and chest computed tomography (CT), were also conducted every 3 or 6 mo. If HCC recurrence was suspected based on the results of these imaging tests, additional liver magnetic resonance imaging (MRI) and positron-emission-tomographic-(PET)-CT imaging were performed. In case it was difficult to diagnose HCC recurrence through imaging tests, a biopsy was performed for confirmation.

The maximum follow-up period was 5 years, and the censored data were observed until April 2015. In HCC patients who met the Milan criteria, the median follow-up periods of the low- and high-dose groups were 55.5 mo (range, 0.6–60 mo) and 29.0 mo (range, 1.9–47.2 mo), respectively. In the HCC patients who did not meet the Milan criteria, the median follow-up periods of the low- and high-dose groups were 18.4 mo (range, 1.5–60 mo) and 11.4 mo (range, 1.7–41.2 mo), respectively.
Statistical analysis
The baseline clinicopathologic variables were analyzed using the (2 test or Fisher's exact test for the categorical variables, and the Student's t-test or Mann-Whitney U test for the continuous variables, depending on the normality of the distribution. The patients were randomly matched into 1:1 pairs using calipers of width equal to 0.1 of the standard deviation of the logit of the propensity score, without replacement. The following served as contributors to the propensity score: age, sex, Child-Pugh score, AFP level, tumor number, largest tumor size, Edmondson-Steiner grade, major vessel (major branch of the hepatic vein/portal vein) invasion, microvascular invasion, bile duct invasion, and satellite nodule[17-21].

Overall, 38 and 18 pairs were identified as adhering to the Milan criteria and not adhering to these criteria, respectively. The pairs were compared using the McNemar test for the binominal categorical variables, and the paired t-test or Wilcoxon signed rank test for the continuous variables, depending on the normality of the distribution.

HCC recurrence and overall survival were analyzed in accordance with the HBIG dose using the Kaplan-Meier method, and the survival curves were compared using the log-rank test. A P value of less than 0.05 was considered statistically significant. All calculations were made using the SPSS 22.0 statistical software package and R 2.15.2 (IBM, Inc., Chicago, IL). The statistical methods of this study were reviewed by the Biometric Research Branch, Research Institute and Hospital, National Cancer Center, Republic of Korea.
RESULTS
Baseline characteristics
A total of 168 patients with HCC who were HBV-DNA/HBeAg-positive underwent LDLT at the National Cancer Center in the Republic of Korea between January 2008 and December 2013. Of these patients, 109 HCC patients met the Milan criteria, whereas 59 HCC patients did not meet the Milan criteria. Of the HCC patients who met the Milan criteria (n = 109), 62 were included in the low-dose HBIG group, whereas 47 were included in the high-dose HBIG group. Although a significant difference in the Child-Pugh score (P = 0.002) was observed between the groups, none of the other clinicopathologic factors showed significant differences. Of the HCC patients who did not meet the Milan criteria (n = 59), 33 were included in the low-dose HBIG group, whereas 26 were included in the high-dose HBIG group. Except for AFP (P = 0.049), none of the other variables showed significant differences between the groups (Table 1).
HCC recurrence, HBV recurrence, and overall survival before propensity matching
Among the HCC patients who met the Milan criteria (n = 109), the 6-month, 1-year, and 3-year HCC recurrence-free survival rates in the low-dose HBIG group (n = 62) were 96.6%, 87.9%, and 82.2%, whereas those in the high-dose HBIG group (n = 47) were 95.6% for all (P = 0.038; Figure 1A). The 6-month, 1-year, and 3-year HBV recurrence-free rates in the low-dose HBIG group (n = 62) were 100.0%, 98.1%, and 95.8%, whereas those in the high-dose HBIG group (n = 47) were 95.6% for all (P = 0.622; Figure 1C). The 6-month, 1-year, and 3-year overall survival rates in the low-dose HBIG group (n = 62) were 96.8%, 91.4%, and 76.7%, whereas those in the high-dose HBIG group (n = 47) were 95.7%, 95.7%, and 92.1%, respectively (P = 0.048; Figure 2A).

Among the HCC patients who did not meet the Milan criteria (n = 59), the 6-month, 1-year, and 3-year HCC recurrence-free survival rates in the low-dose HBIG group (n = 33) were 87.3%, 67.9%, and 45.0%, whereas those in the high-dose HBIG group (n = 26) were 76.9%, 53.8%, and 42.0%, respectively (P = 0.436; Figure 1B). The 6-month, 1-year, and 3-year HBV recurrence-free survival rates in the low-dose HBIG group (n = 33) were 96.6%, 92.7%, and 82.6%, whereas those in the high-dose HBIG group (n = 26) were 92.3%, 82.0%, and 75.2%, respectively (P = 0.334; Figure 1D). No significant difference in overall survival was noted between the groups (P = 0.965; Figure 2B).
HCC recurrence, HBV recurrence, and overall survival of the propensity-matched groups
Using propensity matching, 38 pairs were found to have met the Milan criteria, whereas 18 pairs were found to have not met the Milan criteria. None of the variables in any of these pairs were found to significantly differ between the low- and high-dose HBIG groups (Table 2).

Among the patients who met the Milan criteria (n = 38), the 6-month, 1-year, and 3-year HCC recurrence-free survival rates in the low-dose HBIG group (n = 38) were 88.9%, 83.2%, and 83.2%, whereas those in the high-dose HBIG group (n = 38) were 97.2%, 97.2%, and 97.2%, respectively (P = 0.042; Figure 3A). There was no significant difference between the groups in terms of HBV recurrence-free survival rates (P = 0.317; Figure 3C). The 6-month, 1-year, and 3-year overall survival rates of the low-dose HBIG group (n = 38) were 94.4%, 79.3, and 76.2%, whereas those in the high-dose HBIG group (n = 38) were 94.7%, 94.7%, and 90.6%, respectively (P = 0.190; Figure 4A).

Among the 18 pairs of patients who did not meet the Milan criteria, no significant differences in the HCC recurrence-free survival rates (P = 0.937; Figure 3B), HBV recurrence-free survival rates (P = 0.350; Figure 3D), and overall survival rate (P = 0.987; Figure 4B) were noted between the groups.
DISCUSSION
The presence of HBV-DNA in the serum is a reliable marker of active HBV replication, and the presence of HBeAg and the absence of the HBe antibody usually indicate active HBV replication and high infectiousness. Some studies indicated that the pre-OLT viral replicative status of the study subjects was a predictor of postoperative HCC recurrence[10,11]. Considering that HBV has been known to induce HCC[8,9,22], if the HBV recurrence rate decreased in the high-dose HBIG group, the reason for the HCC recurrence decrease might be clearly explained in our study. However, the outcome of the present study indicated that HBV recurrence did not significantly differ according to the HBIG dose among both HCC patients who met and did not meet the Milan criteria (P = 0.317 and 0.350, respectively).

Meanwhile, there were some reports that occult hepatitis B infection (OBI) could induce HCC[23-25]. OBI is defined as the presence of low levels of HBV-DNA in the serum, the cells of the lymphatic (immune) system, and/or the hepatic tissue in patients with serological markers of a previous infection (hepatitis B core antibody (anti-HBc) - and/or anti-HBs-positive) and without any serum HBsAg. Real-time polymerase chain reaction (RT-PCR), which is a currently used HBV-DNA quantification method, has a lower quantification limit of 70 copies/mL[13-16]. In comparison, the previous-generation HBV-DNA quantification methods for measuring HBV-DNA, such as the hybrid capture assay and branched-DNA (bDNA) assay, have much lower sensitivity[12]. In other words, the HBV-DNA titer level was undetectable in the past, it is now enough to define it as OBI as the development of the HBV-DNA quantification methods.  Accordingly, HCC recurrence may develop not only in the OBI cases but also in subclinical HBV infection cases wherein the HBV-DNA is undetectable at the present time, as only a small amount of material (e.g., the X protein of HBV[9,26,27]) produced by the virus may be needed to mediate or re-trigger the cancer. Therefore, in this study, HCC recurrence may have reduced as high-dose HBIG was more efficient for inhibiting the course induced by HBV, as compared to low-dose HBIG.

However, only minimal information is available on the manner in which HBIG protects the transplanted liver against HBV reinfection. Virus reproduction begins when the virion comes in contact with a suitable host cell. HBIG may protect naive hepatocytes against infection by the HBV virion by blocking a putative HBV receptor[28]. Alternatively, HBIG may neutralize the circulating virions through immune precipitation and immune complex formation, or may trigger an antibody-dependent cell-mediated cytotoxicity response, resulting in target cell lysis[28,29]. Furthermore, HBIG has been reported to bind to hepatocytes and to interact with HBsAg within cells[30]. Regardless of the mechanism, clear evidence has been obtained for a dose-dependent response to HBIG treatment[31-33]. However, further studies may be required to clarify the several proposed mechanisms and to support the outcomes of this study.

Another interesting aspect was that no significant difference was observed in HCC recurrence according to the HBIG dose among the HCC patients who did not meet the Milan criteria (P = 0.937; Figure 3B). In these patients, HCC recurrence may have been caused by circulating tumor cells[34] instead of being mediated or promoted by HBV, as is frequently noted in the recurrence of cancer in other organs. This trend may be associated with the fact that the Milan criteria includes major vessel invasion, along with tumor size and number, as indications for OLT.

In this study, we did not observe any difference in the HBV recurrence according to the HBIG dose in those who met (P = 0.317; Figure 3C) and did not meet (P = 0.350; Figure 3D) the Milan criteria. Most of the patients were taking NAs before LDLT, whereas the other patients received ETV after LDLT. Combination therapy of low-dose HBIG and NAs is efficient and successful for preventing HBV recurrence after OLT, which has been proved several times[35-37]. As seen from our results, we believe that high-dose HBIG may not be essential for suppressing the HBV recurrence itself, but rather there may be a risk for HBsAg escape mutations, as reported in previous studies[38-41].

This study has certain limitations that are inherent to a non-randomized and retrospective study. Another limitation is that the effect of the pre-OLT HBV-DNA titer on patient matching was not sufficiently clarified. As reported in previous studies, the pre-OLT HBV-DNA titer is one of the risk factor for HCC and HBV recurrence after liver transplantation or liver resection[10,22,42]. In the present study, the effect of the pre-OLT HBV-DNA titer on group matching was not directly reflected as three different quantification methods were used during the study period, including the hybrid capture assay, HBV bDNA signal amplification assay, and RT-PCR. Among these methods, RT-PCR is the most sensitive, and has the lowest detection limit[12-14]. Accordingly, if the measurement were done via RT-PCR in the patients who were HBeAg- and hybrid-capture-assay- or bDNA-assay-negative, HBV-DNA-positive results might have been observed. However, RT-PCR was not used in our institution before May 2011.

The follow-up period of the high-dose HBIG group was shorter than that of the low-dose HBIG group. Among the patients who met the Milan criteria, the median follow-up periods of the low- and high-HBIG-dose groups were 55.5 mo (range, 0.6–60 mo) and 29.0 mo (range, 1.9–47.2 mo), respectively. Among those who did not meet the Milan criteria, the median follow-up periods of the low- and high-HBIG-dose groups were 18.4 mo (range, 1.5–60 mo) and 11.4 mo (range, 1.7–41.2 mo), respectively. High-dose HBIG was administered to the HCC patients with HBV-DNA/HBeAg-positive since May 2011; hence, the follow-up period of the high-dose HBIG group might not be sufficient to completely support the findings of this study.

In conclusion, high-dose HBIG therapy was confirmed to reduce HCC recurrence in patients who met the Milan criteria and who were HBV-DNA/HBeAg-positive after LDLT; to our knowledge, this is the first time such a finding has been reported. However, further prospective studies are required to confirm these results, and the optimal dose of HBIG therapy after LDLT should be reconsidered.
COMMENTS
Background

In Asia, hepatocellular carcinoma (HCC) is one of the most common cancer. The hepatitis B virus (HBV) infection is endemic in most parts of Asia and chronic HBV infection was classified as group 1 carcinogens of HCC by the World Health Organization. The major prognostic factors in HBV-related HCC patients after orthotropic liver transplantation (OLT) are HBV and HCC recurrence. 

Research frontiers

For HBV prophylaxis following OLT, combination therapy of hepatitis B immunoglobulin (HBIG) and nucleos(t)ide analogues were used in most centers. In HCC patients who showed high infectiousness with HBV-DNA/ hepatitis B e antigen (HBeAg) -positive, a protocol that applies a higher dose of HBIG after OLT is commonly used for HBV prophylaxis. However, no previous studies regarding the effect of HBIG doses on HCC recurrence and overall survival in patients with high infectiousness after OLT was reported. 

Innovations and breakthroughs

The results showed that high-dose HBIG therapy can improve HCC recurrence-free survival of patients with HCC who were HBV-DNA/HBeAg-positive after OLT.

Applications

Authors suggest that high-dose HBIG can be effective therapy in HCC with HBV-DNA/HBeAg-positive patients after OLT.

Terminology

HBIG is a sterile solution of purified gamma globulin containing anti-HBs. It is prepared from plasma donated by healthy, screened donors with high titers of anti-HBs. It is used to prevent hepatitis B from occurring again in hepatitis B surface antigen-positive patients who have had OLT.
Peer-review 

The strength of this study is that it is the first study regarding the effect of HBIG doses on HCC recurrence and overall survival in patients with high infectiousness after OLT. They conclude that a high-dose HBIG reduce HCC recurrence in patients with HCC who were HBV-DNA/HBeAg-positive after OLT. The paper is well written and of highly clinical implications.
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Figure 1 Hepatocellular carcinoma recurrence-free survival rate of the low-dose hepatitis B Immunoglobulin group and high-dose hepatitis B Immunoglobulin group before adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not meet the Milan criteria (B). Hepatitis B recurrence-free survival rate of the low-dose HBIG group and high-dose HBIG group before adjustment with propensity scores among HCC patients who met the Milan criteria (C) and did not meet the Milan criteria (D). HBIG: Hepatitis B Immunoglobulin; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.
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Figure 2 Overall survival rate of the low-dose hepatitis B immunoglobulin group and high-dose hepatitis B Immunoglobulin group before adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not meet the Milan criteria (B). HBIG: Hepatitis B Immunoglobulin; HCC: Hepatocellular carcinoma.
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Figure 3 Hepatocellular carcinoma recurrence-free survival rate of the low-dose hepatitis B Immunoglobulin group and high-dose hepatitis B Immunoglobulin group after adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not meet the Milan criteria (B). Hepatitis B recurrence-free survival rate of the low-dose HBIG group and high-dose HBIG group after adjustment with propensity scores among HCC patients who met the Milan criteria (C) and did not meet the Milan criteria (D). HBIG: Hepatitis B Immunoglobulin; HBV: Hepatitis B virus; HCC: Hepatocellular carcinoma.
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Figure 4 Overall survival rate of the low-dose hepatocellular carcinoma group and high-dose hepatocellular carcinoma group after adjustment with propensity scores among hepatocellular carcinoma patients who met the Milan criteria (A) and did not meet the Milan criteria (B). HBIG: Hepatitis B Immunoglobulin; HCC: Hepatocellular carcinoma.
	Table 1 Baseline characteristics of all patients 

	Characteristic
	Met the Milan criteria (n = 109)
	　
	Did not meet the Milan criteria (n = 59)

	
	Low-dose HBIG 
	High-dose HBIG 
	P vaule
	
	Low-dose HBIG 
	High-dose HBIG 
	P vaule

	
	(n = 62)
	(n = 47)
	
	　
	(n = 33)
	(n = 26)
	

	Age (yr)
	53.8 ± 6.4
	53.6 ± 7.6
	0.854
	
	54.1 ± 7.4
	53.0 ± 8.7
	0.608

	Sex (male/female)
	49/13
	35/12
	0.575
	
	30/3
	21/5
	0.284

	Child-Pugh score
	7 (5–13)
	5 (5–12)
	0.002
	
	7 (5–13)
	6 (5–13)
	0.226

	AFP (ng/mL)
	18.8 (2.0–8891.8)
	13.3 (1.8–3811.2)
	0.407
	
	30.7 (3.5–31142.9)
	235.3 (2.9–57348.8)
	0.049

	Number of tumors
	1 (1–3)
	1 (1–3)
	0.857
	
	1 (1–8)
	1 (1–5)
	0.743

	Largest tumor size (cm)
	2.2 (0.6–4.5)
	2.2 (0.8–4.0)
	0.504
	
	5.4 (0.9–13.0)
	4.9 (1.1–25.0)
	0.976

	Edmond–Steiner grade (I,II/III,IV)
	26/36
	21/26
	0.774
	
	8/25
	2/24
	0.161

	Major vessel invasion (absent/present)
	62/0
	47/0
	N/A
	
	26/7
	17/9
	0.250

	Microvascular invasion (absent/present)
	42/17, [3]
	30/17
	0.420
	
	11/22
	6/20
	0.388

	Bile duct invasion (absent/present)
	61/1
	45/2
	0.577
	
	31/2
	23/3
	0.646

	Satellite nodule (absent/present)
	46/15, [1]
	37/10
	0.686
	　
	14/19
	11/15
	0.993


Values are presented as number/number, mean ± SD or median (range). Numbers in parentheses are missing value. AFP: Alpha-fetoprotein; N/A: Not applicable.
	Table 2 Baseline characteristics of propensity-matched patients with low- and high-dose HBIG who met and did not meet the Milan criteria

	Characteristic
	Met the Milan criteria (38 pairs)
	
	Did not meet the Milan criteria (18 pairs)

	
	Low-dose HBIG 
	High-dose HBIG 
	P vaule
	
	Low-dose HBIG 
	High-dose HBIG 
	P vaule

	
	(n = 38)
	(n = 38)
	
	　
	(n = 18)
	(n = 18)
	

	Age (yr)
	52.7 ± 5.5
	53.4 ± 8.1
	0.643
	
	52.9 ± 8.0
	53.3 ± 8.6
	0.917

	Sex (male/female)
	32/6
	29/9
	0.453
	
	16/2
	16/2
	1.000

	Child-Pugh score
	6 (5–12)
	6 (5–12)
	0.710
	
	6 (5–13)
	6 (5–13)
	0.932

	AFP (ng/ml)
	22.6 (2.0–8891.8)
	15.3 (1.8–3811.2)
	0.658
	
	34.6 (3.5–31142.9)
	112.5 (2.9–57348.8)
	0.500

	Number of tumors 
	1 (1–3)
	1 (1–3)
	0.963
	
	1 (1–5)
	1 (1–5)
	0.811

	Largest tumor size (cm)
	2.2 (0.8–4.5)
	2.1 (0.8–4.0)
	0.994
	
	5.75 (1.6–13.0)
	4.9 (1.1–25.0)
	0.393

	Edmond–Steiner grade (I,II/III,IV)
	17/21
	17/21
	1.000
	
	4/14
	2/16
	0.500

	Major vessel invasion (absent/present)
	38/0
	38/0
	N/A
	
	12/6
	13/5
	1.000

	Microvascular invasion (absent/present)
	23/15
	26/12
	0.664
	
	5/13
	4/14
	1.000

	Bile duct invasion (absent/present)
	37/1
	37/1
	1.000
	
	16/2
	16/2
	1.000

	Satellite nodule (absent/present)
	26/12
	29/9
	0.648
	　
	6/12
	5/13
	1.000


Values are presented as number/number, mean ± SD or median (range). AFP: Alpha-fetoprotein; N/A: Not applicable.
