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INTRODUCTION

De novo hepatitis B virus (HBV) infections (DNH) have been rec-

ognized in recipients negative for hepatitis B surface antigen (HB-

sAg) after liver transplantation (LT) from donors positive for hepa-

titis B core antibody (anti-HBc) since the early 1990s.1 The 

incidence of DNH was high in recipients who received anti-HBc-

positive and HBsAg-negative grafts, because HBV persists in liver 

grafts even after recovery from previous infection.2 There were no 

prophylaxis options in the 1990s; therefore, the occurrence rates 

of DNH in recipients were high (43–94%) and anti-HBc-positive 

grafts were regarded as inadequate for transplantation.3,4 Howev-

er, HBV infection is endemic in many countries in Asia, and about 

65% of the adult population is anti-HBc-positive in the Republic 

of Korea.5 Thus, many transplant centers have used anti-HBc-posi-

tive donors with prophylaxis as an extended donor pool to over-

come organ shortages. Prophylaxis strategies are diverse among 

transplant centers, which use either nucleos(t)ide analogues 

(NAs), hepatitis B immunoglobulin (HBIG), or both.

Current international guidelines recommend the use of NAs 

such as lamivudine as prophylaxis for preventing DNH, while HBIG 

is not recommended.6,7 However, most previous studies of HBIG 

monotherapy were limited by small sample sizes and short-term 

follow-up periods.8 In addition, the occurrence rates of DNH var-

ied widely from 0% to 58% when HBIG alone was used as pro-

phylaxis, and HBIG usage also varied between centers.9-13

Thus, in this study we analyzed the long-term outcomes of a 

large cohort of LT patients receiving anti-HBc-positive grafts at a 

single center, and evaluated the risks and outcomes of DNH when 

HBIG monotherapy was used as prophylaxis. In addition, we com-

pared the cost-effectiveness of HBIG and NAs.

MATERIALS AND METHODS

This study was approved by the Samsung Medical Center Insti-
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tutional Review Board (IRB No. 2020-11-164). The need for con-

sent from participants was exempted by the IRB.

Patients

We retrospectively reviewed all patients who underwent LT at 

Samsung Medical Center in Seoul, Korea, between January 2001 

and December 2018. Figure 1 shows a flow chart summarizing 

the patient selection process. We excluded recipients who re-

ceived livers of deceased donors from other hospitals because 

their viral statuses were not consistently documented, as well as 

recipients or donors with no recorded pre-op anti-HBc status. We 

also excluded recipients younger than 18 and recipients undergo-

ing re-transplantation. In the end, 1,355 patients were enrolled in 

this study.

Immunosuppression

All recipients received induction therapy with basiliximab. Main-

tenance therapy was primarily achieved using a triple immunosup-

pressive regimen consisting of calcineurin inhibitors, mycopheno-

late mofetil, and corticosteroids. Corticosteroids were discontinued 

3 months after LT except for patients who underwent LT for auto-

immune liver disease or had a history of rejection.

HBV prophylaxis

HBV recipients received combination treatments with HBIG and 

NAs, which were used before LT. For HBV patients who were ei-

ther hepatitis B e-antigen positive or HBV DNA positive before 

transplantation, HBIG (20,000 IU) was administered first 10 times 

after surgery, and then HBIG (10,000 IU) was administered. All 

HBV recipients, regardless of the anti-HBc status of the donor and 

hepatitis B surface antibody (anti-HBs) titer of the recipient, re-

ceived HBIG (10,000 IU) at each outpatient visit (2–3 months) and 

took NAs for the rest of their lives to prevent HBV recurrence. 

Non-HBV recipients were given HBIG monotherapy as HBV pro-

phylaxis when receiving anti-HBc-positive grafts. Generally, HBIG 

(10,000 IU) was administered during the anhepatic phase and six 

times after LT. Anti-HBs titers were routinely monitored at each 

HBsAg negative recipient (n=117)

Anti-HBc negative donor (n=898)

LT (n=1,355)
from 2001 to 2018

LT (n=1,951)
from 2001 to 2018

Exclusion (n=596)
Donors from other hospitals (n=355)
Unknown pre-op viral status of recipient (n=31)
Unknown pre-op viral status of donor (n=11)
Pediatric recipients (n=181)
Re-transplantation (n=18)

Anti-HBc positive donor (n=457)

HBsAg positive recipient (n=340)

Anti-HBs positive
Anti-HBc positive

(n=53)

De novo HBV (n=0)

Anti-HBs positive
Anti-HBc negative

(n=19)

De novo HBV (n=0)

Anti-HBs negative
Anti-HBc positive

(n=34)

De novo HBV (n=0)

Anti-HBs negative
Anti-HBc negative

(n=11)

De novo HBV (n=1)

Figure 1. Flow chart of the patient selection process and allocation of anti-HBc-positive grafts. LT, liver transplantation; anti-HBc, hepatitis B core anti-
body; HBsAg, hepatitis B surface antigen; anti-HBs, hepatitis B surface antibody; HBV, hepatitis B virus.
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outpatient visit (2–3 months) to maintain titers above 200 IU/L. 

HBIG is administered when the anti-HBs titer is below 200 IU/L, 

regardless of the recipient’s HBV serological status before trans-

plantation. However, non-HBV recipients who received anti-HBc-

negative grafts did not require surveillance for HBV.

Clinical parameters

We retrospectively analyzed donor and recipient data. Donors 

were compared based on age, sex, body mass index (BMI) (kg/m2),  

type of donor, warm and cold ischemic time, and day 0 graft bi-

opsy according to anti-HBc status. The recipient data collected 

were age, sex, BMI, model for end-stage liver disease (MELD) 

score, presence of HBV, hepatitis C virus (HCV), and hepatocellu-

lar carcinoma (HCC) according to the Milan criteria (MC), opera-

tion time, postoperative intensive care unit (ICU) stay period, hos-

pitalization period, complication rate, severe complication rate, 

and mortality within 30 days. The MC was defined as single HCC 

≤5 cm or up to 3 HCCs none exceeding 3 cm, without vascular in-

vasion.14 Severe complication was defined as Clavien-Dindo classi-

fication 3a or higher. DNH was defined as the development of 

positive HBsAg and/or detectable HBV DNA in a non-HBV recipient.

Statistical analysis

Continuous variables are presented as mean±standard devia-

tion and were compared using the Mann-Whitney U test. Cate-

gorical variables are presented as numbers with percentages and 

were compared by chi-square tests. Patient survival was measured 

from the time of transplantation to death from any cause. Graft 

loss was defined as recipient death, being listed for re-transplan-

tation, or undergoing re-transplantation. Patient, graft, and dis-

ease-free survival were estimated using the Kaplan-Meier method 

and compared using log-rank tests. Cox proportional hazards 

model analysis was used to predict patient and graft survival. 

Multivariable analysis was performed using factors that were sig-

nificant clinically or in univariable analysis (P<0.05). Yearly and 

cumulative costs for HBIG were estimated by the simple moving 

average method using the function ‘sma’ in the R package 

‘smooth’. All tests were two-tailed and statistical significance was 

defined as P<0.05. All statistical analyses were done using the 

software SPSS (version 25; IBM, Armonk, NY, USA) and R (version 

3.5.2; R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Donor and recipient clinical characteristics by anti-
HBc status of donor

Four hundred and fifty-seven patients (33.7%, 457/1,355) were 

included in the anti-HBc-positive group and 898 patients (66.3%, 

898/1,355) were included in the anti-HBc-negative group. The 

median follow-up time for the cohort was 5.7 years (2.0–10.5): 

6.4 years (2.0–11.3) for the anti-HBc-positive group and 5.5 years 

(2.0–10.1) for the anti-HBc-negative group. The comparison of 

donor and recipient characteristics according to donor anti-HBc 

status is shown in Table 1. Donor age and BMI were higher in the 

anti-HBc-positive group (P<0.001 and P=0.010, respectively). The 

proportions of males and living donors were higher in the anti-

HBc-negative group (P<0.001 and P=0.005, respectively). Recipi-

ent age was higher in the anti-HBc-negative group (P=0.027). The 

proportion of male recipients was higher in the anti-HBc-negative 

group (P=0.001). The proportion of transplant indications was 

significantly different between the two groups (P=0.039); acute, 

acute on chronic, and cirrhosis were 5.3%, 8.3%, and 86.4% in 

the anti-HBc-positive group, respectively, and 4.1%, 5.1%, and 

90.8% in the anti-HBc-negative group, respectively. MELD score 

was higher in the anti-HBc-positive group (P=0.009). The propor-

tion of HBV recipients and macrovesicular and microvesicular fatty 

change above 10 percent on day 0 graft biopsy were higher in the 

anti-HBc-positive group (P=0.011, P=0.005, and P=0.026, re-

spectively). Hospitalization periods were longer in the anti-HBc-

positive group (P=0.033). However, recipient BMI, HCV recipients, 

HCC patients according to the MC, operation time, warm and cold 

ischemic time, postoperative ICU stay period, complication rate, 

and mortality within 30 days did not differ significantly between 

the two groups.

De novo HBV infection

Figure 1 shows the allocation of anti-HBc-positive grafts in our 

cohort. One hundred and seventeen non-HBV recipients (25.6%, 

117/457) received anti-HBc-positive grafts; 53 recipients (45.3%, 

53/117) were both anti-HBs- and anti-HBc-positive, 19 recipients 

(16.2%, 19/117) were anti-HBs-positive and anti-HBc-negative, 34 

recipients (29.1%, 34/117) were anti-HBs-negative and anti-HBc-

positive, and 11 recipients (9.4%, 11/117) were both anti-HBs- 

and anti-HBc-negative. There was only one DNH out of 11 (9.1%) 

anti-HBs-negative and anti-HBc-negative recipients who had not 
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experienced HBV infection or immunity. The overall incidence of 

DNH was 0.9% (1/117). The patient who developed DNH had 

non-HBV and non-HCV HCC with Budd-Chiari syndrome and un-

derwent LT. Before LT, HCC was treated with radiofrequency abla-

tion and trans-arterial chemoembolization for 5 years. After LT, 

the patient received HBIG six times before discharge and the anti-

HBs titer was maintained above 200 IU/L for 6 months. After 6 

months, the titer fell to 145 IU/L and the patient received HBIG 

once again, and the titer was maintained above 200 IU/L for 3 

months. At 10 months post-LT follow-up, the anti-HBs titer fell 

below 200 IU/L again. However, HBIG administration was not 

performed for the following 4 months. The patient received HBIG 

Table 1. Clinical characteristics of donors and recipients according to donor anti-HBc status

Anti-HBc-positive group (n=457) Anti-HBc-negative group (n=898) P-value

Donor characteristic

Age (years) 41.3±11.9 29.6±10.3 <0.001

Sex, male 260 (56.9) 620 (69.0) <0.001

BMI (kg/m2) 23.5±3.1 23.1±3.1 0.010

Living donors 417 (91.2) 854 (95.1) 0.005

Recipient characteristic

Age (years) 51.3±9.9 52.5±8.5 0.027

Sex, male 334 (73.1) 726 (80.8) 0.001

BMI (kg/m2) 24.4±3.8 24.4±3.5 0.938

Transplant indication 0.039

Acute 24 (5.3) 37 (4.1)

Acute on chronic 38 (8.3) 46 (5.1)

Cirrhosis 395 (86.4) 815 (90.8)

MELD score 19.2±10.5 17.7±10.1 0.009

HBV infection 348 (76.1) 625 (69.6) 0.011

HCV infection 23 (5.0) 44 (4.9) 0.915

HCC 0.815

No HCC 197 (43.1) 371 (41.3)

Within the Milan criteria 179 (39.2) 361 (40.2)

Beyond the Milan criteria 81 (17.7) 166 (18.5)

Warm ischemic time (minutes) 38.4±19.4 38.2±17.6 0.881

Cold ischemic time (minutes) 95.0±63.0 97.4±66.0 0.537

Operation time (minutes) 552.2±117.6 553.2±128.0 0.887

Day 0 graft biopsy, steatosis

Macrovesicular fatty change >10% 72 (15.8) 94 (10.5) 0.005

Microvesicular fatty change >10% 124 (27.1) 195 (21.7) 0.026

Postoperative ICU stay period (days) 9.2±11.4 8.2±7.3 0.105

Hospitalization period (days) 41.9±37.7 37.7±28.6 0.033

Complication rate 210 (46.0) 441 (49.1) 0.271

Severe complication within 30 days* 157 (34.4) 303 (33.7) 0.822

Recipient mortality within 30 days 13 (2.8) 27 (3.0) 0.868

Values are presented as mean±standard deviation or number (%).
Anti-HBc, hepatitis B core antibody; BMI, body mass index; MELD, model for end stage liver disease; HBV, hepatitis B virus; HCV, hepatitis c virus; HCC, 
hepatocellular carcinoma; ICU, intensive care unit.
*Clavien-Dindo classification ≥ grade 3a.
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at every outpatient clinic follow-up afterwards, but the anti-HBs 

titer remained negative. At 21 months after LT, HBV DNA copies 

were high, resulting in DNH. After 2 months, HCC recurred in the 

lung, and the patient expired after 7 months.

Patient and graft survival according to anti-HBc 
status of donor

Anti-HBc status of the donor did not affect patient survival. The 

1-, 5-, and 10-year patient survival rates were 87.7%, 73.5%, and 

67.7%, respectively, in the anti-HBc-positive group and 88.5%, 

77.4%, and 70.3%, respectively, in the anti-HBc-negative group 

(P=0.113) (Fig. 2A). On the other hand, there were significant dif-

ferences in graft survival rates according to anti-HBc status. The 

1-, 5-, and 10-year graft survival rates were 86.6%, 70.9%, and 

64.1%, respectively, in the anti-HBc-positive group and 87.3%, 

76.1%, and 68.7%, respectively, in the anti-HBc-negative group 

(P=0.046) (Fig. 2B). In addition, anti-HBc status of the donor did 

not affect patient survival in high MELD patients (defined as 

MELD ≥35). In high MELD patients, the 1-, 5-, and 10-year pa-
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Figure 2. Patient and graft survival stratified by donor anti-HBc status. (A) Patient survival stratified by donor anti-HBc status. (B) Graft survival strati-
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tient survival rates were similar between the two groups, where 

the anti-HBc-positive group survival rates were 90.7%, 72.4%, 

and 63.9%, and the anti-HBc-negative group survival rates were 

75.6%, 67.8%, and 62.8%, respectively (P=0.681) (Fig. 2C). In 

high MELD patients, the anti-HBc status of the donor did not in-

fluence graft survival either. The 1-, 5-, and 10-year graft survival 

Table 2. Causes of graft loss in the whole cohort

Anti-HBc-positive group (n=457) Anti-HBc-negative group (n=898) Total

Total number of graft losses 156 (34.1) 241 (26.8) 397

Liver complication

Vascular complication 18 (11.5) 17 (7.1) 35

Biliary complication 16 (10.3) 15 (6.2) 31

Rejection 5 (3.2) 15 (6.2) 20

Alcoholic cirrhosis 1 (0.6) 2 (0.8) 3

Other 6 (3.9) 11 (4.6) 17

Recurrence of original disease

HBV infection 2 (1.3) 0 (0.0) 2

HCV infection 1 (0.6) 4 (1.7) 5

PBC/PSC 0 (0.0) 1 (0.4) 1

Malignancy

Recurrence of original tumor 42 (26.9) 80 (33.2) 122

De novo solid tumor 5 (3.2) 7 (2.9) 12

Post-transplanted lymphoproliferative disease 1 (0.6) 2 (0.8) 3

Patient death from other causes 59 (37.8) 87 (36.1) 146

Values are presented as number (%). 
Statistical analysis was not performed to determine the cause of graft loss.
Anti-HBc, hepatitis B core antibody; HBV, hepatitis B virus; HCV, hepatitis c virus; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis.

Figure 3. Patient survival and disease-free survival rates in HBV recipients who underwent LT due to HCC stratified by donor anti-HBc status. (A) Pa-
tient survival in HBV recipients who underwent LT due to HCC stratified by donor anti-HBc status. (B) Disease-free survival rates in HBV recipients who 
underwent LT due to HCC stratified by donor anti-HBc status. Group comparisons were performed using Kaplan-Meier and log-rank tests. Anti-HBc, 
hepatitis B core antibody; HBV, hepatitis B virus; LT, liver transplantation; HCC, hepatocellular carcinoma.
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rates were as follows: anti-HBc-positive group (90.7%, 72.4%, 

and 59.6%) and anti-HBc-negative group (75.6%, 66.6%, and 

59.6%, P=0.674) (Fig. 2D). There were 397 graft losses at the 

time of analysis: 156 graft losses in the anti-HBc-positive group 

(34.1%, 156/457) and 241 graft losses in the anti-HBc-negative 

group (26.8%, 241/898) (Table 2). The majority of graft losses 

were due to recurrence of the original tumor or other causes (in-

fection, cardiovascular events, or trauma). There were no graft 

losses due to DNH (Table 2).

Outcomes of LT in HBV recipients with HCC 
according to donor anti-HBc status

Of 973 HBV recipients, 659 (67.7%) had concurrent HCC at the 

time of surgery. Approximately one-third of the patients received 

anti-HBc-positive grafts (224/659 [34.0%]) and the rest received 

anti-HBc-negative grafts (435/659 [66.0%]). In recipients with 

HCC, the 1-, 5-, and 10-year patient survival rates were 88.8%, 

70.8%, and 63.8%, respectively in those with anti-HBc-positive 

grafts, and 89.8%, 75.1%, and 68.9%, respectively for those 

Table 3. Univariable and multivariable analyses of risk factors for patient survival

Variable
Univariable Multivariable

HR (95% CI) P-value HR (95% CI) P-value

Donor age 1.008 (0.999–1.016) 0.069

Male donor 0.858 (0.694–1.059) 0.154

Donor BMI 1.018 (0.987–1.051) 0.259

Living donor 1.212 (0.780–1.883) 0.392

Anti-HBc-positive graft 1.185 (0.961–1.461) 0.113 1.200 (0.972–1.481) 0.089

Recipient age 1.003 (0.991–1.015) 0.600

Male recipient 1.207 (0.929–1.568) 0.158

Recipient BMI 0.970 (0.941–1.000) 0.049 0.970 (0.940–1.000) 0.048

Transplant indication 0.163

Acute 1 (reference)

Acute on chronic 1.415 (0.768–2.605) 0.266

Cirrhosis 0.978 (0.592–1.616) 0.931

Recipient MELD score 1.007 (0.997–1.017) 0.179

Recipient HCC <0.001 <0.001

No HCC 1 (reference) 1 (reference)

Within the Milan criteria 1.102 (0.870–1.397) 0.420 1.255 (0.980–1.608) 0.089

Beyond the Milan criteria 1.953 (1.502–2.539) <0.001 2.158 (1.640–2.840) <0.001

Recipient HBV infection 0.766 (0.614–0.956) 0.018 0.700 (0.554–0.885) 0.003

Recipient HCV infection 1.692 (1.151–2.487) 0.007 1.263 (0.817–1.951) 0.294

Day 0 graft biopsy, steatosis

Macrovesicular fatty change >10% 1.050 (0.781–1.412) 0.747

Microvesicular fatty change >10% 0.955 (0.754–1.210) 0.702

Cold ischemic time 1.000 (0.998–1.001) 0.921

Warm ischemic time 0.999 (0.993–1.005) 0.627

Severe complication within 30 days* 2.299 (1.873–2.823) <0.001 2.183 (1.776–2.683) <0.001

Rejection episode 0.951 (0.729–1.242) 0.713

HR, hazard ratio; CI, confidence interval; BMI, body mass index; anti-HBc, hepatitis B core antibody; MELD, model for end stage liver disease; HCC, 
hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis c virus.
*Clavien-Dindo classification ≥ grade 3a.
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with anti-HBc-negative grafts (P=0.141) (Fig. 3A). The risk of HCC 

recurrence was the same regardless of donor anti-HBc status. The 

1-, 5-, and 10-year disease-free survival rates of patients with 

HCC were 87.3%, 78.3% and 75.1%, respectively, in the anti-

HBc-positive group and 89.2%, 78.8% and 78.2%, respectively, 

in the anti-HBc-negative group (P=0.686) (Fig. 3B).

Univariable and multivariable analyses of risk factors 
for patient and graft survival

Anti-HBc-positive grafts were not a significant risk factor asso-

ciated with patient survival in both univariable and multivariable 

analysis (P=0.113 and P=0.093, respectively) (Table 3). Although 

anti-HBc-positive grafts seemed to be a risk factor associated with 

graft survival in univariable analysis (P=0.046), it was not a sig-

nificant risk factor in multivariable analysis (P=0.266) (Table 4). In 

multivariable analysis, recipient BMI and HBV infection were as-

sociated with better patient survival (P=0.048 and P=0.003, re-

spectively). However, HCC beyond the MC and postoperative se-

vere complication within 30 days were associated with poorer 

patient survival (P<0.001 and P<0.001, respectively) (Table 3). 

Similarly, recipient BMI and HBV infection were found to be asso-

Table 4. Univariable and multivariable analyses of risk factors for graft survival

Variable
Univariable Multivariable

HR (95% CI) P-value HR (95% CI) P-value

Donor age 1.011 (1.003–1.019) 0.007 1.010 (1.002–1.018) 0.016

Male donor 0.854 (0.696–1.047) 0.128

Donor BMI 1.021 (0.990–1.052) 0.182

Living donor 1.254 (0.816–1.928) 0.302

Anti-HBc positive graft 1.228 (1.004–1.502) 0.046 1.138 (0.906–1.429) 0.266

Recipient age 0.999 (0.988–1.010) 0.820

Male recipient 1.186 (0.922–1.524) 0.184

Recipient BMI 0.962 (0.934–0.991) 0.011 0.964 (0.936–0.993) 0.015

Transplant indication 0.254

Acute 1 (reference)

Acute on chronic 1.363 (0.752–2.473) 0.308

Cirrhosis 0.995 (0.611–1.620) 0.170

Recipient MELD score 1.007 (0.997–1.016) 0.170

Recipient HCC <0.001 <0.001

No HCC 1 (reference) 1 (reference)

Within the Milan criteria 1.103 (0.879–1.384) 0.396 1.238 (0.977–1.568) 0.137

Beyond the Milan criteria 1.818 (1.407–2.349) <0.001 1.950 (1.493–2.547) <0.001

Recipient HBV infection 0.794 (0.640–0.985) 0.036 0.774 (0.617–0.973) 0.028

Recipient HCV infection 1.571 (1.070–2.308) 0.021 1.223 (0.794–1.883) 0.362

Day 0 graft biopsy (steatosis)

Macrovesicular fatty change >10% 1.049 (0.789–1.395) 0.743

Microvesicular fatty change >10% 0.969 (0.801–1.259) 0.969

Cold ischemic time 1.000 (0.998–1.001) 0.881

Warm ischemic time 0.999 (0.993–1.005) 0.719

Severe complication within 30 days* 2.410 (1.976–2.937) <0.001 2.323 (1.904–2.836) <0.001

Rejection episode 1.038 (0.807–1.334) 0.773

HR, hazard ratio; CI, confidence interval; BMI, body mass index; anti-HBc, hepatitis B core antibody; MELD, model for end stage liver disease; HCC, 
hepatocellular carcinoma; HBV, hepatitis B virus; HCV, hepatitis c virus. 
*Clavien-Dindo classification ≥ grade 3a.
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ciated with better graft survival in multivariable analysis (P=0.015 

and P= 0.028, respectively). However, donor age, HCC beyond the 

MC, and postoperative severe complications within 30 days were 

associated with poorer graft survival (P=0.016, P<0.001, and 

P<0.001, respectively) (Table 4).

Cost analysis between HBIG and nucleotide 
analogues

Non-HBV recipients who receive anti-HBc-positive grafts need 

to take NAs for the rest of their lives or have HBIG administered 

intermittently to maintain anti-HBs titers above 200 IU/L. In our 

study, all 117 of the non-HBV recipients were given HBIG mono-

therapy as HBV prophylaxis when receiving anti-HBc-positive 

grafts. In addition, 46% (54/117) of the patients were adminis-

tered their last dose of HBIG within 2 years after LT (Fig. 4A). We 

compared between the hypothetical costs the patients would 

have paid if they used NAs for the rest of their lives to the actual 

cost for using HBIG to maintain anti-HBs titers above 200 IU/L. 

When using HBIG, the cumulative cost was higher compared to 

using NAs continuously (Fig. 4B). In terms of the cost distribution 

among HBIG use, 8.5% (10/117) had lower costs than entecavir, 

and none had lower costs than lamivudine (Supplementary Fig. 1). 

However, only the use of HBIG was covered by Korean insurance 

system until 2017 and the cost to be paid by the patient was re-

duced to 10%. In this case, when using HBIG, the cost is lower 

after 9 months compared to using entecavir, and the cost is lower 

after 44 months compared to using lamivudine (Fig. 4C). Since 

2018, the Korean insurance system has covered NAs as well as 

HBIG. Thus, the cumulative cost of using HBIG became higher 

Figure 4. Distributions of the year of last HBIG order and analysis of cumulative cost between HBIG and NAs in non-HBV recipients with anti-HBc posi-
tive donors. (A) Distribution of the year of last HBIG order in non-HBV recipients with anti-HBc positive donors. (B) Analysis of cumulative cost between 
HBIG and NAs without insurance in non-HBV recipients with anti-HBc positive donors. (C) Analysis of cumulative cost to be paid by patient between 
HBIG and NAs when only HBIG is covered by insurance in non-HBV recipients with anti-HBc positive donors. (D) Analysis of cumulative cost to be paid 
by patient between HBIG and NAs when both are covered by insurance in non-HBV recipients with anti-HBc positive donors. HBIG, hepatitis B immu-
noglobulin; anti-HBc, hepatitis B core antibody; NAs, nucleos(t)ide analogues; HBV, hepatitis B virus.
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compared with using NAs continuously (Fig. 4D).

DISCUSSION

In this study, we found that the anti-HBc status of the liver do-

nor did not affect recipient patient survival or graft survival, even 

in high MELD (≥35) patients. The anti-HBc status of the donor did 

not affect survival or HCC recurrence-free survival in patients who 

underwent LT due to HCC. The rate of DNH was low in HBsAg-

negative recipients receiving anti-HBc-positive grafts when HBIG 

monotherapy was used as prophylaxis and anti-HBs titers were 

maintained above 200 IU/L. However, the DNH rate was high in 

both anti-HBs/anti-HBc negative recipients. In addition, when 

HBIG was used as prophylaxis, the cumulative cost was higher 

compared to using NAs continuously.

DNH occurrence rates were very high, 43–94%, when using an-

ti-HBc-positive grafts before adequate prophylaxis options were 

available.3 During this period, Dickson et al.2 reported that a sig-

nificantly lower 4-year patient survival rate for recipients who re-

ceived livers from anti-HBc-positive donors than for recipients 

who received livers from anti-HBc-negative donors. In addition, 

the mortality rate of recipients who received grafts from anti-HBc-

positive donors was 2.4 times higher. However, Prieto et al.15 re-

ported that the 4-year patient survival rates were similar between 

these two groups. In a 2001 survey carried out in the United 

States, almost half of liver transplant physicians reported that they 

did not use anti-HBc-positive donors for both anti-HBs and anti-

HBc negative patients.16 After prophylaxis, it remained unclear 

whether the donor’s anti-HBc positivity affected patient survival. 

Brandl et al.17 reported that 10-year patient and graft survival 

rates were significantly lower for recipients receiving anti-HBc 

grafts, and that anti-HBc-positive organs were associated with 

decreased graft survival in multivariable analysis. However, in this 

study, due to the long study period of 36 years, there were many 

changes in treatment methods such as the use of immunosup-

pressive agents, and a great deal of clinician experience accumu-

lated, leading to selection bias. In addition, there was a mixture 

of groups that did or did not receive antiviral prophylaxis. On the 

other hand, several other studies reported that anti-HBc positivity 

of donors did not affect patient or graft survival.12,18-20 MacCon-

mara et al.18 and Lei et al.12 reported that 5-year patient and graft 

survival rates were similar between recipients with anti-HBc-posi-

tive grafts and anti-HBc-negative grafts. Wong et al.20 analyzed 

long-term outcomes and found that the 10-year patient and graft 

survival rates were similar between recipients with anti-HBc-posi-

tive grafts and anti-HBc-negative grafts, even among high MELD 

(≥35) patients. In addition, they reported that the anti-HBc posi-

tivity of donors did not affect 10-year patient survival and dis-

ease-free survival rates in HCC patients. Similarly, in our study, 

there were no significant differences between the two groups in 

the 10-year patient survival rates (67.7% vs. 70.3%, P=0.113), 

whereas the graft survival rates were significantly different be-

tween the two groups. However, anti-HBc positivity of donors did 

not affect patient or graft survival rates in multivariable analysis. 

In addition, anti-HBc positivity of donors did not affect patient or 

graft survival in high MELD score patients, and had no effect on 

the patient survival or disease-free survival in HCC patients. Al-

though anti-HBc-positive grafts are considered suboptimal, pa-

tient and graft survival may no longer be affected by DNH with 

adequate prophylaxis, but rather by graft quality. In our study, al-

though donors in the anti-HBc-positive group were older and had 

higher BMIs, the patient and graft survival were not inferior to 

those in the anti-HBc-negative group. Therefore, in HBV endemic 

areas such as Korea, anti-HBc-positive grafts may be used with 

less hesitance.

There are three strategies for preventing DNH when using anti-

HBc-positive grafts: use of HBIG alone, NAs alone, or a combina-

tion of HBIG and NAs. According to current international guide-

lines, lamivudine monotherapy is recommended as the most cost-

effective choice.6,7 However, Wong et al.20 reported that all cases 

of DNH occurred in patients who received lamivudine, whereas no 

cases of DNH occurred in patients who received entecavir in their 

large cohort. In a 2010 systematic review, DNH occurred in 27% 

of both anti-HBs/anti-HBc negative recipients with HBIG mono-

prophylaxis compared to 3.4% of both anti-HBs/anti-HBc negative 

recipients with lamivudine monoprophylaxis.21 A recent systematic 

review and meta-analysis also showed that DNH occurred in 23% 

of anti-HBs-negative patients with HBIG monoprophylaxis com-

pared to 1.0% of anti-HBs-negative patients with NAs monopro-

phylaxis.8 Saab et al.22 reported that the DNH rate was 2.7% with 

lamivudine prophylaxis compared to 3.6% with a combination of 

HBIG and lamivudine, and that the cost for the first year of combi-

nation therapy was about 20 times higher than that of lamivudine 

alone. Thus, HBIG is not recommended for preventing DNH in cur-

rent guidelines.6,7 However, in Korea, the use of HBIG and NAs to 

prevent HBV recurrence when HBsAg-positive patients undergo LT 

is covered under Korean national health insurance, but when HB-

sAg-negative patients receive anti-HBc-positive grafts, the use of 

NAs is not covered and only the use of HBIG is covered by nation-
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al health insurance. Thus, HBIG monoprophylaxis is the standard 

strategy for HBsAg-negative patients who receive anti-HBc-posi-

tive grafts in our institution. The overall incidence of DNH was 

0.9% (1/117) in our cohort. This is a very low incidence compared 

to previous studies. The incidence of DNH was 9.1% (1/11) in both 

anti-HBs/anti-HBc negative recipients, but the sample size was 

small. In addition, even though the anti-HBs titer in the patient 

with DNH development fell below 200 IU/L, the delay in HBIG ad-

ministration because we missed it for 4 months seems to have af-

fected DNH.

Wright et al.23 evaluated the cost-effectiveness of entecavir 

compared to lamivudine for prophylaxis in anti-HBc-positive livers. 

They reported that, in the United States, lamivudine was consid-

ered the optimal strategy for recipients receiving anti-HBc-positive 

liver grafts because entecavir was about three times more expen-

sive to use than lamivudine, and the effect was not significantly 

different. In our study, the anti-HBs titer was maintained above 

200 IU/L within 2 years, and about half of the recipients discon-

tinued HBIG administration. However, when comparing the cumu-

lative cost at the end of 5 years, using HBIG costs about three 

times more than using entecavir and nine times more than using 

lamivudine. Using HBIG as a prophylaxis for recipients receiving 

anti-HBc-positive liver has a low DNH incidence of 0.9% com-

pared to other studies. Considering that in the Korean insurance 

system only the use of HBIG is covered, this treatment seems to 

be superior in terms of cost effectiveness in Korean patients in 

this cohort.

There are several limitations to this study. This is a retrospective 

study with a single-center cohort, and the duration of this cohort 

(18 years) is long. Although we used anti-HBc-positive grafts with 

standardized HBV prophylaxis in this period, selection biases inev-

itably occurred because new treatment methods, such as immu-

nosuppression protocols, were developed during the study period 

and the experience of the clinicians increased. Since Korea is an 

HBV endemic area, most patients who were negative for hepatitis 

B surface antibody were previously vaccinated with HBV, which 

may have contributed to lowering the DNH rate. Since 2018, the 

Korean insurance system started to cover NAs as well as HBIG. 

The use of HBIG may no longer have a definite cost advantage, 

but the difference in total cost paid by patients is not great, so the 

use of HBIG may be worth considering.

In conclusion, the use of anti-HBc-positive grafts in and of itself 

does not affect patient survival or graft survival. HBIG monopro-

phylaxis has good outcomes for preventing DNH, and the pa-

tient’s long term cost burden can be low in Korea considering the 

insurance system in this cohort.
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