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Background: Liver transplantation (LT) is the treatment of choice for hepatocellular carcinoma 
(HCC). The aim of this study was to investigate the recurrence rate of HCC after LT and prognostic 
factors for recurrence by comparing LT with non-transplanted resection. Methods: The partici-
pants were 338 patients who underwent LT between 1996 and 2012 at Seoul National University 
Hospital (LT group) and 520 HCC patients who underwent partial hepatectomy between 1995 
and 2006 (control group, non-LT group). Results: In the LT group, 68 of 338 patients (19.8%) 
showed relapse, and the recurrence rate was lower than that in the non-LT group (64.9%, 
357/520, p < .001). Stratification analysis by American Joint Committee on Cancer (AJCC) stage 
showed that the stage I-II LT group had a lower recurrence rate than the non-LT group. Univariate 
comparative analysis demonstrated that multiplicity of tumor, tumor size, gross type, Edmond-
son-Steiner (ES) nuclear grade, extent of tumor, angioinvasion, AJCC stage, Milan criteria, Uni-
versity of California at San Francisco criteria on explant pathology (all p < .001), positive expres-
sion of cytokeratin 19 (p = .002), and preoperative α-fetoprotein (AFP) (p < .001) were predictors 
of tumor recurrence. In multivariate analysis, LT, preoperative AFP, multiplicity of tumor, extent of 
tumor, size of tumor, and ES nuclear grade were independent prognostic factors. Conclusions: LT 
might have a protective effect against the late recurrence of stage I-II HCC compared to non-LT, 
and the prognostic factors for recurrence were similar to previously well-known prognostic factors 
for HCC.
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▒ ORIGINAL ARTICLE ▒

Hepatocellular carcinoma (HCC) is the fifth most common 
malignant tumor in the world.1 The treatments for HCC vary 
depending on the stage of the primary tumors and the patient’s 
hepatic function. Resection is the treatment of choice for localized 
tumors, which are generally early-stage tumors, and liver trans-
plantation (LT) is frequently selected as an alternative, potentially 
curative treatment for HCC.

After the Milan criteria for deceased donor LT for HCC were 
introduced in 1996, LT became an alternative treatment choice 
for early-stage or small HCC to achieve good disease-free survival 
(DFS).2 However, as living donor LT has rapidly increased due 
to the shortage of deceased donors in Eastern countries including 
Japan and Korea, the development of selection criteria of LT for 
HCC has become a dominant issue in this field that must include 
consideration of the balance between the benefit to the recipient 
and the risk to the liver donor. LT seems to result in a good 
prognosis for patients with early-stage HCC who are within the 
Milan criteria. The Milan criteria incorporate the size of the tu-
mor, the number of tumors, and the presence of vascular invasion; 

patients eligible for LT are those with a single tumor 5 cm or 
smaller in size or 2–3 tumors each 3 cm or smaller in size, 
without macroscopic vascular invasion or extrahepatic spread 
according to preoperative radiologic findings. A low incidence 
of recurrence is expected among this group of patients.2 However, 
there is still a controversy about the cutoff points of tumor size 
and number of nodules.3,4 Accordingly, Yao et al.5 re-evaluated 
the upper limits and effects of tumor number and size in relation 
to DFS and proposed new criteria. The University of California 
at San Francisco (UCSF) criteria include the presence of a tumor 
6.5 cm or smaller in diameter with a single nodule or no more 
than three tumor nodules, none exceeding 4.5 cm with a total 
diameter less than 8 cm, and no vascular invasion according to 
pathologic evaluation.5 However, some patients who do not fulfill 
the Milan or UCSF criteria experienced a prolonged survival 
time, contrary to expectations.6,7 Lee et al.8 therefore suggested 
another set of criteria different from the previous measures and 
based on pathology. Their criteria are a largest tumor diameter 
of 5 cm or less, six or fewer tumors, and no gross vascular invasion. 

http://crossmark.crossref.org/dialog/?doi=10.4132/jptm.2016.10.13&domain=pdf&date_stamp=2017-01-15
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These criteria are valuable and have a prognostic power similar 
to that of the Milan and UCSF criteria.8 In addition to clinical 
and pathological prognostic factors, immunohistochemical fac-
tors are significant; cytokeratin 19 (CK19) is a representative 
factor.9

According to a guideline for the management of hepatocellular 
carcinoma in Korea, deceased donor LT is the first choice of 
treatment for HCC within the Milan criteria (single nodule less 
than 5 cm in diameter or 2–3 nodules less than or equal to 3 
cm in diameter) but that has not met the indication for resection. 
Local ablation or transarterial chemoembolization is recom-
mended during the waiting period for LT. However, LT for 
HCC beyond the Milan criteria is uncertainly suggested.10 In 
addition, in Korea, living donor LT is actively performed as an 
alternative to deceased donor liver transplantation because of 
the insufficient number of donors. The survival rate of living 
donor LT does not differ from that of deceased donor LT, but 
the disease-free survival rate is worse after living donor LT.10,11

This single-center retrospective analysis aimed to investigate 
the recurrence rate of HCC after transplantation and the patterns 
of recurrence in LT patients compared to non-LT patients and 
to determine prognostic factors based on explant pathology.

MATERIALS AND METHODS

Patient selection and clinicopathologic parameters

We divided the study participants into two groups: the LT 
group and a control group (non-LT group). The LT group in-
cluded 338 patients who had been pathologically diagnosed 
with HCC based on LT specimens and who had available medical 
records and formalin-fixed paraffin blocks of tumor tissue from 
the archives of the Department of Pathology of Seoul National 
University Hospital (SNUH) from 1996 to 2012. The non-LT 
group comprised 520 patients who were pathologically diagnosed 
with HCC based on partial hepatectomy specimens and who 
had available medical records and formalin-fixed paraffin blocks 
of tumor tissue from the archives of the Department of Pathology 
of SNUH from 1995 to 2006. Patients with combined hepato-
cellular carcinoma and cholangiocarcinoma or intrahepatic 
cholangiocarcinoma were excluded. The clinical information 
collected from existing medical records was age, sex, surgical 
method, underlying etiology of liver disease, serum α-fetoprotein 
(AFP), preoperative treatment, and postoperative tumor recur-
rence. Pathological information was tumor size, number of tumors, 
site of tumors in the liver, gross tumor type, Edmondson-Steiner 
(ES) nuclear grade for HCCs, cellular type of tumor cells, histo-

logical pattern, vascular invasion, pathological American Joint 
Committee on Cancer (AJCC) stage, whether the cancer met 
criteria such as the Milan criteria or UCSF criteria based on pa-
thology, and positivity of CK19 staining, all of which were col-
lected from pathology reports or slide reviews. The AJCC staging 
followed the liver tumor staging guidelines of the American 
Joint Committee on Cancer, seventh edition.12 The clinicopatho-
logic parameters followed “General rules for the study of primary 
liver cancer of Japan.”13 This study was approved by the Institu-
tional Review Board of SNUH (H-1011-046-339). The demo-
graphic details of all patients are summarized in Table 1 according 
to treatment method.

Immunohistochemistry of CK19

All diagnoses were confirmed by examination of 3-μm hema-
toxylin and eosin–stained sections of representative formalin-fixed 
paraffin-embedded blocks. The slides were automatically 
stained using a Bond-III Automated IHC/ISH stainer and a 
Bond Polymer Refine Detection Kit (Leica Microsystems 
GmbH, Wetzlar, Germany). Positive staining with CK19 anti-
body (mouse monoclonal anti-human cytokeratin 19, clone 
RCK108, Cat. M0888, 1:200, Dako, Carpinteria, CA, USA) 
was observed in the cytoplasm and cellular membrane. The crite-
rion for positivity was moderate or strong intensity in ≥ 5% of 
tumor cells. CK19 positivity occurred in 243 cases in the LT 
group and 519 cases in the non-LT group.

Survey of disease progress and classification 
of recurrence pattern 

DFS was defined as the time to local or distant progression. 
Progression was diagnosed when patients experienced symptoms 
due to a mass lesion, when serum AFP level increased, or when 
computed tomography, magnetic resonance imaging, or positron 
emission tomography reported a new lesion or increasing tumor 
size. Pathologic confirmation was not necessary. The term intra-
hepatic progress was used when the tumor recurrence was located 
only in the liver, and “extrahepatic progress” was used when a 
metastatic tumor was identified beyond the liver with or without 
hepatic recurrence. The follow-up period was 36 months (median; 
range, 0 to 202 months) for the LT group and 73 months (median; 
range, 0 to 213 months) for the non-LT group.

Statistical analysis

Comparative analyses of discontinuous variables were conducted 
using the chi-square (χ2) test, Fisher exact test, or Monte-Carlo 
resampling methods for small samples. Survival curves were 
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calculated using Kaplan-Meier analysis and compared by log-
rank testing. Multivariate analysis was performed using a Cox 
proportional hazards model. Multivariate analysis employing Cox 
regression analysis was conducted. The results were considered 
statistically significant when p-values were < 0.05. Most of the 
tests were performed using IBM SPSS ver. 22 (IBM Corp., Ar-
monk, NY, USA), and the Monte-Carlo resampling method 
was performed by “coin” package of R statistics.14-16

RESULTS

Clinicopathologic characteristics and prognostic 
parameters of LT and non-LT

As compared in Table 1, many clinicopathologic characteristics 
of patients in the LT and non-LT groups were different. The LT 
group had a higher proportion of males, single lesions, expanding 
nodular gross type, confined lesions in the liver, hepatic histologic 
type, trabecular pattern, and underlying viral chronic liver disease 
(CLD) than in the non-LT group (all p < .05). Tumor size was 
smaller, angioinvasion was less frequent, and ES-nuclear grade 
and preoperative AFP were lower in the LT group than in the 
non-LT (all p < .05). Age, CK19-positive expression rate, and 
large vessel invasion were not different between the two groups. 
The proportion of patients in a low AJCC stage (I–II stage) and 
the proportion of those within Milan or UCSF criteria were 
higher in the LT than in the non-LT group (Table 1). In summary, 
patients in the LT group had more differentiated tumor histology 
and a lower stage of HCC than patients in the non-LT group. 
Hazard ratios of DFS according to the clinicopathologic parame-
ters, which were calculated by univariate Cox proportional hazard 
model, are plotted in Fig. 1. The prognostic factors associated 

Table 1. Demography of patients in LT and non-LT groups

LT (n = 338) Non-LT (n = 520) p-valuea

Sex .039b

Male 266 (79) 438 (84)  
Female 72 (21) 82 (16)

Age (yr) .094
≤ 55 192 (57) 265 (51)  
> 55 146 (43) 255 (49)

Size (cm) < .001b

≤ 5 298 (88) 312 (60)  
> 5 40 (12) 208 (40)

Multiplicity < .001b

Single 151 (45) 392 (75)  
Multiple 187 (55) 128 (25)

Gross type < .001b

Expanding nodular, etc. 239 (71) 345 (66)  
Multinodular confluent 73 (22) 174 (33)
Diffuse/Infiltrative 26 (8) 1 (0)

Extent < .001b

Confined liver 288 (85) 394 (76)  
Invasion of capsule 45 (13) 87 (17)
Extension to other organ 5 (1) 39 (8)

Angioinvasion < .001b

Absent 269 (80) 275 (53)  
Present 69 (20) 245 (47)

Large vessel invasion .347
Absent 324 (96) 491 (94)  
Present 14 (4) 29 (6)

ES nuclear grade .002b

Grade 1–2 251 (74) 334 (64)  
Grade 3–4 87 (26) 186 (36)

Cell type < .001b

Hepatic 337 (100) 475 (91)  
Non-hepatic 1 (0) 45 (9)

Histologic pattern < .001b

Trabecular 333 (99) 429 (83)  
Non-trabecular 5 (1) 91 (18)

Expression of CK19 .348
Negative 223 (66) 479 (92)  
Positive 24 (7) 40 (8)

Preoperative treatmentc < .001b

Done 190 (56) 228 (44)  
Not done 107 (32) 285 (55)

Resection margin .003b

R0 335 (99) 482 (93)  
R1/2 3 (1) 38 (7)

Underlying CLDc .023b

Viral 290 (86) 460 (88)  
Non-viral 48 (14) 53 (10)

Preoperative AFP (ng/mL)c .016b

≤ 20 191 (57) 250 (48)
> 20 144 (43) 270 (52)

AJCC stage < .001b

Stage I–II 300 (89) 410 (79)  
Stage III–IV 38 (11) 110 (21)

(Continued)

LT (n = 338) Non-LT (n = 520) p-valuea

Milan criteria < .001b

Within 193 (57) 170 (33)  
Beyond 145 (43) 350 (67)

UCSF criteria < .001b

Within 253 (75) 331 (64)  
Beyond 85 (25) 189 (36)  

Follow up, median 
  (range, mo)

36 (0–202) 73 (0–213) < .001b

Values are presented as number (%).
LT, liver transplantation; Expanding nodular, etc. including vaguely nodular, 
expanding nodular with or without perinodal extension; ES nuclear grade, 
Edmonson Steiner nuclear grade; CK19, cytokeratin 19; CLD, chronic liver 
disease; AFP, α-fetoprotein; AJCC, American Joint Committee on Cancer; 
UCSF, University of California at San Francisco.
ap-value of chi-square test, or Fisher exact test; bp < .05; cSome data were 
not available: 48 preoperative treatment, 7 etiology of CLD, and 3 preoper-
ative AFP data.
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with DFS were similar between the LT and non-LT groups. 
Size, multiplicity of tumor, extent of tumor, angioinvasion, 
large vessel invasion, ES nuclear grade, positive expression of 
CK19, resection margin, and preoperative AFP were significant 
prognostic factors of DFS in both the LT and non-LT groups (all 
p < .05). Gross type was a prognostic factor in the LT group but 
not in the non-LT group, and this was probably due to the rarity 
of diffuse/infiltrative type in the non-LT group. Sex, age, tumor 
cell type, histologic pattern, underlying causes of CLD, and 
preoperative treatment were not prognostic factors in either the 
LT or non-LT group. Lower AJCC stage and adherence to the 
Milan criteria and UCSF criteria were associated with a better 
DFS (all p < .05), but the hazard ratios of higher AJCC stage 

and non-adherence to the criteria compared to lower AJCC 
stage and adherence to the criteria were higher in the LT group 
than in the non-LT group (7.328, 8.727, 5.451 vs 2.312, 1.849, 
1.719, respectively, all p < .05).

Multivariable analysis of DFS rate of resected HCCs

Significant prognostic factors in univariate analysis in both 
the LT and non-LT groups were analyzed with transplantation 
or non-transplantation by multivariable analysis with the Cox 
proportional hazards model in AJCC stage I–II patients (Table 
2). Surgical method was an independent prognostic factor, as 
were extent of tumor, multiplicity of tumor, angioinvasion, 
preoperative AFP, size of tumor, and ES nuclear grade. CK19 

Fig. 1. Comparison of prognostic factors between the liver transplantation (LT) group and the non-LT group by univariate disease-free surviv-
al analysis. HRs of LT and non-LT groups calculated by Cox proportional hazard model are plotted in each row. HR (95% CI), hazard ratio 
(95% confidence interval) by Cox proportional hazard model; LT, liver transplantation; ES nuclear grade, Edmonson Steiner nuclear grade; 
CLD, chronic liver disease; AFP, α-fetoprotein; AJCC, American Joint Committee on Cancer; UCSF, University of California at San Francisco 
criteria. aParameters are statistically significant prognostic factors (log-rank p < .05).

HR, disease-free survival
HR (95% CI)

LT (n = 338) Non-LT (n = 520)Sex
Male vs female 

Age (yr)
≤ 55 vs > 55

Size (cm)a

≤ 5 vs > 5
Multiplicitya

Single vs multiple
Gross typea

Extenta

Angioinvasiona

Large vessel invasiona

ES nuclear gradea

Histologic pattern

CK19a

Preoperative treatment

Underlying CLD

Preoperative AFP (ng/mL)a

AJCC stagea

Milan criteriaa

UCSF criteriaa

Expanding nodular to diffuse

Confined liver to extension to other organ

Absent vs present

Absent vs present

1–2 vs 3–4

Trabecular vs non-trabecular

Negative vs positive

Not done vs done

Viral vs non-viral

≤ 20 vs > 20

I–II vs III–IV

Within vs beyond

Within vs beyond

0.2 1.0 5.0 25.0

1.008 (0.56–1.814)

1.115 (0.691–1.8)

6.613 (4.025–10.866)

1.744 (1.049–2.899)

3.288 (2.447–4.418)

4.399 (3.01–6.428)

7.086 (4.381–11.462)

16.081 (8.535–30.299)

3.371 (2.093–5.43)

0.938 (0.13–6.76)

2.576 (1.332–4.893)

1.696 (0.942–3.054)

1.219 (0.639–2.324)

4.304 (2.51–7.38)

7.328 (4.452–12.064)

8.727 (4.573–16.653)

7.328 (4.452–12.064)

0.991 (0.742–1.323)

0.863 (0.697–1.068)

1.522 (1.226–1.891)

1.938 (1.536–2.445)

1.068 (0.854–1.336)

1.783 (1.508–2.108)

1.697 (1.37–2.103)

1.872 (1.214–2.889)

1.613 (1.294–2.011)

0.913 (0.685–1.216)

1.608 (1.083–2.388)

1.047 (0.844–1.3)

1.057 (0.76–1.47)

1.342 (1.083–1.663)

2.312 (1.804–2.963)

1.849 (1.447–2.364)

1.719 (1.38–2.142)
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expression and gross type were not independent prognostic fac-
tors. The hazard ratio of LT was 0.321 (95% confidence interval, 
0.235 to 0.439) compared to non-LT, showing that it might 
have a protective effect against HCC progress.

Disease-free survival patterns of the LT and non-LT groups

Cumulative DFS is plotted in Fig. 1 with DFS rates in each 
year according to the AJCC stage (Fig. 2). In the total group, 
patients who underwent LT had a better DFS than non-LT pa-
tients (5-year DFS rates, 79% vs 35%, respectively in LT and 
non-LT, log-rank p < .001). Further analysis was performed ac-
cording to AJCC stage, with the entire patient group divided 
into two groups based on stage I–II and stage III–IV classification. 
LT in patients with stage I–II HCC resulted in better DFS 

compared to the non-LT group (5-year DFS rates, 84% vs 40%, 
respectively; log-rank p < .001). No difference was observed in 
DFS between the LT and non-LT groups for stage III–IV HCC 
(5-year DFS rates, 23% vs 15%; log-rank p = .295) (Fig. 2). As 
shown in Fig. 1A and B, recurrence in the LT group occurred in 
the early period after surgery, and cumulative DFS was sustained 
at approximately 80% after 3 years.

Tumor recurrence site and time in the LT and non-LT groups 
according to stage 

The recurrence site and post-operative period of recurrence 
were compared according to stage and resection method (Table 
3). Among patients with tumors classified as stage I–II HCC, 
43 patients in the LT group and 250 in the non-LT group experi-

Table 2. Multivariable analysis of disease-free survival rate of stage I–II hepatocellular carcinomas (n = 710)

Beta SE p-value Hazard ratio (95% CI)

Extent of tumor 0.476 0.083 <.001a 1.61 (1.367–1.896)
Operation (non-LT vs LT) –1.135 0.159 <.001a 0.321 (0.235–0.439)
Multiplicity (single vs multiple) 0.365 0.115 .001a 1.44 (1.15–1.803)
Angioinvasion (absent vs present) 0.33 0.116 .004a 1.391 (1.108–1.746)
Preoperative AFP (≤ 20 ng/mL vs > 20 ng/mL) 0.266 0.106 .012a 1.305 (1.061–1.606)
Size of tumor (≤ 5 cm vs > 5 cm) 0.256 0.115 .026a 1.291 (1.032–1.617)
ES nuclear grade (grade 1–2 vs 3–4) 0.235 0.111 .034a 1.265 (1.017–1.573)
CK19 (negative vs positive) 0.3 0.178 .093 1.35 (0.952–1.916)
Gross type 0.165 0.101 .102 1.18 (0.968–1.438)

SE, standard error; CI, confidence interval; LT, liver transplantation; AFP, α-fetoprotein; ES nuclear grade, Edmonson-Steiner nuclear grade; CK19, cytokeratin 19.
ap < .05.

Fig. 2. Kaplan-Meier curves for disease-free survival (DFS) between the liver transplantation (LT) group and the non-LT group. (A) The DFS of 
patients with any stage disease was significantly longer in the LT group than in the non-LT group (p < .001). (B) Among patients with stage I-II 
disease, DFS was also longer in the LT group than in the non-LT group (p < .001). (C) There were no significant differences in the DFS of 
stage III–IV patients between the LT and non-LT groups. AJCC, American Joint Committee on Cancer.
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enced tumor progress. Within the LT group, there were nine cases 
(21%) with intrahepatic progress and 34 (79%) with extrahepatic 
progress. In contrast, the non-LT group included 155 cases (62%) 
of intrahepatic recurrence and 95 cases (38%) of extrahepatic 
progress. Metastasis to extrahepatic organs was the predominant 
pattern of recurrence in the LT group among patients with 
stage I–II HCC, whereas intrahepatic recurrence was predominant 
in the non-LT group (p < .001). This pattern disappeared in pa-
tients with stage III–IV HCC. There were nine cases (36%) of 
intrahepatic progress and 16 cases (64%) of extrahepatic progress 
within the LT group, and the non-LT group included 44 cases 
(51%) of intrahepatic recurrence and 43 cases (49%) of extrahe-
patic progress, but there was no significant difference between 
the two groups (p = .198). As previously mentioned, the time 
to recurrence and recurrence site were different between the LT 
and non-LT groups. All nine intrahepatic recurrence cases of 
AJCC stage I–II LT patients recurred within 2 years, but 66 of 
155 intrahepatic recurrence cases (43%) of AJCC stage I–II 
non-LT patients occurred beyond 2 years (p < .001). Most of the 
extrahepatic metastasis occurred within 2 years in both the LT 
and non-LT groups for AJCC stage I–II stage patients (30 
[88%] vs 79 [83%], respectively, p = .376). This progress pattern 
also disappeared in stage III–IV patients who showed early 
progress within 2 years after surgery, regardless of recurrence 
sites (Table 3).

DISCUSSION

Our study analyzed the recurrence rate of HCC and the recur-
rence pattern in LT patients compared with non-LT patients, as 
well as prognostic factors after transplantation. Recurrence after 
LT usually occurred within 2 years and was more frequently 

identified in extrahepatic sites; in contrast, recurrence after non-LT 
frequently occurred beyond 2 years after surgery, and the sites 
of recurrence were intrahepatic. Furthermore, this difference 
was clear in stage I-II HCC, but was not observed in stage III–IV 
HCC.

Many previous studies comparing LT and other treatment 
choices for HCC reported that patients who underwent LT had a 
better survival than those who underwent resection.17 The rationale 
of LT as a treatment choice for HCC is loco-regional removal of 
tumor and protective removal of the damaged liver, which plays 
a major role in the de novo recurrence of HCC. The results of 
our study support this dual rationale for LT to treat HCC. In 
our study, intrahepatic recurrence was more frequent in the 
non-LT group than in the LT group in patients with stage I–II 
and was sustained for a long period after surgery. Therefore, it is 
thought that LT is an effective treatment to suppress de novo 
carcinogenesis, which is the main mechanism of late recurrence 
of HCC.18

In the present study, the high proportion of extrahepatic HCC 
recurrence after LT was similar to results from other studies.19 
Because of the protective removal of the source of de novo carci-
nogenesis in LT, tumor recurrence in LT patients can be mainly 
explained by metastasis or regrowth of remnant tumor cells. 
Assuming complete resection (R0 resection), potential tumor cells 
do not exist in the liver after LT. Circulating tumor cells (CTCs) 
might be considered to explain this phenomenon. According to a 
recent study, primary tumor cell invasion to the bloodstream 
and CTCs are responsible for tumor recurrence and metastasis, 
including that of HCC.20-22

Although LT is the treatment of choice for early-stage HCC, 
it is not a feasible choice because of the shortage of deceased donors. 
Increasing living donor LT has compensated for the shortage of 

Table 3. Comparison of recurrence pattern between LT and non-LT

No.
Intrahepatic Extrahepatic 

p-valuea,b

≤ 2 yr > 2 yr ≤ 2 yr > 2 yr
AJCC stage I–II

LT 43 9 (21) 34 (79) < .001c

9 (100) 0 30 (88) 4 (12) .376
Non-LT 250 155 (62) 95 (38)

29 (57) 66 (43) 79 (83) 16 (17) < .001c

AJCC stage III–IV
LT 25 9 (36) 16 (64) .198

8 (89) 1 (11) 15 (94) 1 (6) .511
Non-LT 87 44 (51) 43 (49)

41 (93) 3 (9) 41 (95) 2 (5) .600

LT, liver transplantation; AJCC, American Joint Committee on Cancer.
aIntrahepatic recur vs extrahepatic recur; b≤ 2 yr vs > 2 yr; cp < .05. 
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organ donations, but maintaining a balance between the benefit 
to the recipient and the risk to the living donor is another 
emerging issue in this field. Patient selection criteria tend to 
expand the range of recipients by up regulation of number or size 
of tumor. This classical approach used to be based on preoperative 
radiologic studies. However, the histology and biologic features 
of the tumor are important prognostic factors for predicting tumor 
progress.23 Similar to other studies, the multivariate analysis of 
prognostic factors in our study also concluded that ES nuclear 
grade was an independent prognostic factor. However, although 
CK19 expression was not an independent prognostic factor in our 
study, it was reported as a prognostic marker of HCC recurrence 
beyond the Milan criteria in another study.9

Another issue concerning the histologic factors of HCC in LT 
is the gap between preoperative clinical staging and post-operative 
pathologic staging. The Milan criteria and UCSF criteria consider 
vascular invasion as an important exclusion criterion. Because 
the degree of vasculature that can be examined by radiologic 
study and pathologic study is much different, many cases within 
the criteria before surgery are changed to beyond the criteria after 
surgery based on the pathology of the explant. In our study, the 
Milan and UCSF criteria were applied by explant pathology. 
Pretransplant tumor staging and explant pathology do not always 
correlate, and 83 of 145 cases (57%) within the Milan criteria 
were classified as “beyond Milan” based on the presence of angio-
invasion in microscopic findings. There might be discrepancies in 
the size or number of tumors between the pre-transplant radio-
logical staging and explant pathologic staging.24,25 Therefore, 
further studies to reduce the preoperative and postoperative 
staging are needed.

In conclusion, this study demonstrated that DFS was better 
in the LT group compared to the non-LT group for patients 
with stage I–II HCC. Accordingly, there might be a tendency 
for tumors to occur in the late period after surgery in patients 
who have not undergone LT. Extrahepatic recurrence is more 
frequent than intrahepatic recurrence after LT. Once tumor recur-
rence has occurred, dissemination to additional locations occurs 
easily. The prognostic factors in patients who have undergone 
LT are similar to those observed in previous studies; LT, extent 
of tumor, multiplicity of tumor, angioinvasion, preoperative 
AFP, size of tumor, and ES nuclear grade were independent 
prognostic factors.
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