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for Liver Transplantation in Patients With Hepatocellular 
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Abstract

Serum alpha-fetoprotein (AFP) has been increasingly recognized as a marker for a poor prognosis 

after liver transplantation (LT) for hepatocellular carcinoma (HCC). Many published reports, 

however, have included a large proportion of patients with HCC beyond the Milan criteria, and the 

effects of incorporating AFP as an exclusion criterion for LT remain unclear. We studied 211 

consecutive patients undergoing LT for HCC within the Milan criteria according to imaging under 

the Model for End-Stage Liver Disease organ allocation system between June 2002 and January 

2009. The majority (93.4%) had locoregional therapy before LT. The median follow-up was 4.5 

years (minimum = 2 years). The Kaplan-Meier 1- and 5-year patient survival rates were 94.3% 

and 83.4%, respectively. In a univariate analysis, significant predictors of HCC recurrence 

included vascular invasion [hazard ratio (HR) = 10, 95% confidence interval (CI) = 3.9–26, P < 

0.001], a pathological tumor stage beyond the University of California San Francisco criteria (HR 

= 4.1, 95% CI = 1.36–12.6, P = 0.01), an AFP level > 1000 ng/mL (HR = 4.5, 95% CI = 1.3–15.3, 

P = 0.02), and an AFP level > 500 ng/mL (HR = 3.1, 95% CI = 1.04–9.4, P = 0.04). In a 

multivariate analysis, vascular invasion was the only significant predictor of tumor recurrence (HR 

= 5.6, 95% CI = 1.9–19, P = 0.02). An AFP level > 1000 ng/mL was the strongest pretransplant 

variable predicting vascular invasion (odds ratio = 6.8, 95% CI = 1.6–19.1, P = 0.006). The 1- and 

5-year rates of survival without recurrence were 90% and 52.7%, respectively, for patients with an 

AFP level ≤ 1000 ng/mL and 95% and 80.3%, respectively, for patients with an AFP level 1000 

ng/mL (P = 0.026). Applying an AFP level > 1000 ng/mL as a cutoff would have resulted in the 

exclusion of 4.7% of the patients from LT and a 20% reduction in HCC recurrence. In conclusion, 

an AFP level > 1000 ng/mL may be a surrogate for vascular invasion and may be used to predict 

posttransplant HCC recurrence. Incorporating an AFP level > 1000 ng/mL as an exclusion 

criterion for LT within the Milan criteria may further improve posttransplant outcomes.

Hepatocellular carcinoma (HCC) is the seventh most common cancer worldwide and the 

cause of more than a million deaths annually.1,2 The incidence of HCC has been rising in the 
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United States for more than 2 decades.1 There is also a growing demand for liver 

transplantation (LT) as a treatment for early-stage HCC because it offers the best chance for 

a long-term cure.3 After the Model for End-Stage Liver Disease (MELD) system of organ 

allocation for HCC was implemented in 2002, the proportion of patients receiving priority 

listing with an HCC MELD exception increased from 10.5% in 2002 to 15.5% in 2008.4 It 

has been recommended at a recent international consensus conference5 that deceased donor 

LT for HCC should achieve the same posttransplant survival achieved by deceased donor 

LT for nonmalignant indications in the current era of severe organ shortages and that the 

Milan criteria6 should remain the benchmark for the selection of candidates for LT. 

Although many single-center studies have shown excellent post-transplant outcomes for 

patients with HCC within the Milan criteria or modestly expanded criteria for patient 

selection,7–9 registry data that reflect a more global experience with LT have continued to 

show inferior results for HCC versus non-HCC indications despite adherence to the Milan 

criteria.10 It has been shown that 10% to 15% of patients with HCC meeting the Milan 

criteria before LT develop posttransplant HCC recurrence.3,6–8 There is also growing 

evidence that factors beyond tumor size and number are associated with a more aggressive 

tumor biology, and this results in a greater risk for HCC recurrence after LT.11–15

Although the value of serum alpha-fetoprotein (AFP) in HCC screening has been 

questioned,11 the AFP level has been increasingly recognized as a prognostic marker for 

HCC. High AFP levels have been consistently shown to predict poor outcomes after LT for 

HCC.7,10,13–23 The AFP levels associated with a greater risk of HCC recurrence or worse 

survival after LT have ranged from a low of 20 ng/mL to >1000 ng/mL.16 These published 

reports, however, have been heterogeneous with respect to LT selection criteria as well as 

the use of local regional therapy (LRT). The largest of these studies have used registry data 

and have relied only on posttransplant mortality rather than HCC recurrence as the primary 

outcome measure.10,17–20 Furthermore, the level at which AFP should be applied as an 

exclusion criterion for LT and the effects on posttransplant outcomes have not been fully 

elucidated.

The primary objectives of this study were to further examine the association between the 

AFP level at the time of LT and posttransplant outcomes and to identify the optimal AFP 

cutoff for predicting HCC recurrence and serving as an exclusion criterion for LT in patients 

with pretransplant HCC at a stage within the Milan criteria. We also sought to evaluate the 

correlation between AFP and microvascular invasion as well as other potential explant 

histological markers of tumor recurrence after LT.

PATIENTS AND METHODS

Patient Population

The study population included 211 consecutive patients who were 18 years old or older, had 

pretransplant HCC meeting T2 criteria (1 lesion of 2–5 cm or 2–3 lesions, each up to 3 cm) 

according to imaging, and had received a MELD exception for LT between June 1, 2002 and 

January 31, 2009 at our center. Only patients meeting T2 criteria were considered, whereas 

additional patients who underwent LT after HCC down-staging and patients who underwent 

transplantation according to expanded criteria beyond the Milan criteria during this period 

Hameed et al. Page 2

Liver Transpl. Author manuscript; available in PMC 2016 March 25.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



were excluded from the analysis. The minimal duration of follow-up after LT was 2 years so 

that we could capture most cases of HCC recurrence after LT. This study protocol was 

approved by our institution review board.

At the start of this study, decisions regarding LRT for patients with HCC awaiting LT were 

made on a case-by-case basis and depended on liver function and tumor size and location. 

Since September 2004, all decisions regarding LRT have been made at a weekly 

multidisciplinary liver tumor board attended by transplant hepatologists, transplant surgeons, 

oncologists, interventional radiologists, and radiologists with expertise in diagnostic 

abdominal imaging. The diagnosis of HCC was based on radiographic characteristics, 

including arterial phase enhancement and portal venous phase washout for lesions 

measuring at least 1 cm. Nodules not showing these characteristics were considered 

indeterminate for HCC and were followed by computed tomography or magnetic resonance 

imaging every 3 months so that interval growth could be observed and the review by the 

tumor board could be repeated. Percutaneous biopsy was not routinely performed for the 

purpose of diagnosing HCC. Nodules < 1 cm were not counted as HCC.

Histopathological Analysis

Explant histopathological features evaluated in this study included the tumor size, the 

number of tumor nodules, the histological grade of differentiation based on the Edmondson 

and Steiner criteria24 (grade 1, well differentiated; grade 2, moderately differentiated; and 

grade 3, poorly differentiated), and the presence or absence of microvascular or 

macrovascular invasion. Pathological tumor staging was based on the United Network for 

Organ Sharing tumor-node-metastasis staging system.3 Explant tumor staging in this study 

was based on the size and number of only viable tumors.

Statistical Analysis

The primary outcomes of this study were posttransplant HCC recurrence and patient 

survival 5 years after LT. Patient characteristics were summarized as medians and ranges for 

continuous variables and as proportions for categorical variables. The Kaplan-Meier method 

was used to estimate the probabilities of survival and tumor recurrence. Logistic regression 

was used to evaluate the association between AFP and explant histological features 

predicting HCC recurrence. Cox proportional hazards models were used to evaluate 

predictors of HCC recurrence. Predictors of HCC recurrence with a univariate P value < 0.1 

were evaluated in the multivariate analysis, with the final model selected by backward 

elimination (P for removal > 0.05). Statistical analyses were performed with Stata 12 

(StataCorp, College Station, TX).

RESULTS

Baseline Patient Characteristics

The baseline demographic and clinical characteristics of the 211 patients composing the 

study population are summarized in Table 1. The median age of the patients was 62.7 years, 

162 (76.8%) were men, and 70 (33.2%) were Asian. In terms of the etiology of liver disease, 

patients with hepatitis C and hepatitis B made up 88% of the study population. At the time 
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of LT, the median calculated MELD score was 11. As for tumor characteristics, the 

distribution of the AFP levels for the cohort (all obtained within the 3 months before LT) is 

summarized in Table 1. The median AFP level was 11 ng/mL, and 4.7% had an AFP level > 

1000 ng/mL. The majority of the patients (93.4%) underwent LRT, and 39.8% of the 

patients had a complete response to LRT according to the modified Response Evaluation 

Criteria in Solid Tumors (mRECIST).25,26 Only 4 patients underwent living donor LT.

Explant Histological Characteristics

Explant histopathological characteristics are summarized in Table 2. Fifteen of the 211 

patients (7.1%) had vascular invasion on explant. Complete necrosis of the tumor was seen 

in 88 patients (41.7%) in response to pretransplant locoregional therapy (LRT). There was a 

good correlation between a pretransplant radiographic assessment of a complete response 

and complete tumor necrosis in the explant. Overall, 79 of the 84 patients (94%) with a 

complete response according to a radiographic assessment had no residual tumor in the 

explant. Another 9 patients with residual tumor according to pretransplant imaging had no 

tumor in the explant. Understaging of tumors beyond the Milan criteria (T1 and T2) was 

observed for 18.5%, including 10.4% with T3A tumors [within the University of California 

San Francisco (UCSF) criteria]7 and 8.1% with T3B or T4 tumors (beyond the UCSF 

criteria). The majority had well differentiated or moderately differentiated tumors, and only 

4.3% had poorly differentiated tumors.

Posttransplant Outcomes

The median posttransplant follow-up was 4.5 years, and there was a minimum follow-up of 

2 years among survivors. HCC recurrence developed in 19 patients (9%) and accounted for 

61.3% of all deaths in the first 5 years after LT. The majority of HCC recurrences (73.7%) 

occurred within the first 2 years after LT. HCC was the cause of 11 of 31 deaths (35.5%) 

within the first 5 years after LT. The Kaplan-Meier 1- and 5-year patient survival rates were 

94.3% and 83.4%, respectively. The 1- and 5-year recurrence-free probabilities were 97.1% 

and 90.4%, respectively.

Predictors of HCC Recurrence

In the univariate analysis, the significant predictors of HCC recurrence were vascular 

invasion [hazard ratio (HR) = 10, 95% confidence interval (CI) = 3.9–26, P < 0.001], a 

pathological tumor stage exceeding the UCSF criteria (HR = 4.1, 95% CI = 1.36–12.6, P = 

0.01), an AFP level > 1000 ng/mL (HR = 4.5, 95% CI = 1.3–15.3, P = 0.02), and an AFP 

level > 500 ng/mL (HR = 3.1, 95% CI = 1.04–9.4, P = 0.043; Table 3). Other factors, 

including an AFP level > 300 ng/mL, an AFP level > 400 ng/mL, a diagnosis of liver 

disease, a complete response to LRT according to the mRECIST criteria, and the 

histological grade of differentiation, were not significant predictors of HCC recurrence. In 

the multivariate model, vascular invasion (HR = 5.6, 95% CI = 1.6–19, P = 0.006) was the 

only significant predictor of tumor recurrence. An AFP level > 1000 ng/mL was only 

marginally significant as a predictor of HCC recurrence (Table 4). The sensitivity and 

specificity of an AFP level > 1000 ng/mL for predicting HCC recurrence were 0.14 and 

0.96, respectively.
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Association Between AFP and Vascular Invasion

Vascular invasion was the only factor predicting post-transplant HCC recurrence, but this is 

unknown before LT. We, therefore, evaluated the association between pretransplant factors 

and the presence of vascular invasion. We found a significant association between AFP 

levels and the risk for vascular invasion starting at an AFP level > 300 ng/mL (Table 5). 

Within the AFP range of >300 to 1000 ng/dL, the higher the AFP level was, the greater the 

odds ratio was for microvascular invasion. An AFP level > 1000 ng/mL was the strongest 

predictor of vascular invasion with an odds ratio of 6.8 (95% CI = 1.6–19.1, P = 0.006). We 

also performed an analysis of the sensitivity and specificity of AFP in predicting vascular 

invasion within the same range of >300 to >1000 ng/dL (Table 5). The sensitivity was low 

at all AFP cutoffs, whereas an AFP level > 1000 ng/dL had the highest specificity (0.96) for 

predicting vascular invasion.

AFP as an Exclusion Criterion for LT

An AFP level > 1000 ng/mL was the strongest pre-transplant variable predicting HCC 

recurrence as well as vascular invasion. The 1- and 5-year rates of survival without HCC 

recurrence were 90% and 52.7%, respectively, for patients with a preoperative AFP level > 

1000 ng/mL and 95% and 80.3%, respectively, for patients with an AFP level ≤1000 ng/mL 

(P = 0.026; Fig. 1). Applying an AFP level > 1000 ng/mL as a cutoff would have resulted in 

the exclusion of 4.7% of the patients from LT and a 20% reduction in the rate of HCC 

recurrence. At a lower AFP cutoff of 400 ng/mL, approximately twice the number of 

patients (9%) would have been excluded to reduce the rate of HCC recurrence by an 

additional 6% in comparison with an AFP level > 1000 ng/mL. In comparison with lower 

AFP cutoffs, AFP > 1000 ng/mL also had the highest specificity of 96% for predicting HCC 

recurrence.

AFP Level > 1000 ng/mL and Effects of LRT

Six of the 10 patients whose last AFP levels before LT were >1000 ng/mL underwent a total 

of 12 elective LRTs [transarterial chemoembolization (TACE), 6; laparoscopic or 

percutaneous radiofrequency ablation (RFA), 5; and percutaneous ethanol injection (PEI), 

1]. They had persistently elevated AFP levels > 1000 ng/mL despite LRT, and 3 of these 

patients suffered from HCC recurrence after LT. Only 1 of these patients had an initial 

decrease in the AFP level to <1000 ng/mL, but there was a subsequent rise in the AFP level 

to >1000 ng/mL before LT, and the patient developed HCC recurrence. Three of the 10 

patients underwent LT in the early period in 2002 and did not receive elective LRT but 

underwent only TACE within the 24 hours before LT; thus, the effect of LRT on AFP could 

not be assessed. One patient received no treatment because of the short wait-list time for 

blood type AB. None of these 4 patients experienced HCC recurrence.

In addition to the 10 patients with an AFP level > 1000 ng/mL at the time of listing and at 

LT as described previously, there were 12 other patients in this cohort with an initial AFP 

level > 1000 ng/mL at listing who showed decreases in AFP to <1000 ng/mL by the time of 

LT as a result of LRT. Only 1 of these 12 patients developed HCC recurrence after LT. The 

remaining 11 patients were still alive after a mean post-LT follow-up of 5.9 years. Another 
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16 patients had an initial AFP level > 1000 ng/mL at the time of listing but did not undergo 

LT because of tumor progression (dropout) or other reasons for LT exclusion.

Overall, 38 patients presented with an AFP level > 1000 ng/mL at the time of listing: 16 

patients (42.1%) did not undergo LT because of tumor progression (dropout) or other 

reasons despite LRT, 10 patients underwent LT with an AFP level still > 1000 ng/mL at the 

time of LT, and 12 patients showed decreases in the AFP level to <1000 ng/mL at the time 

of LT as a result of LRT.

DISCUSSION

Data suggesting a high AFP level is an important marker of prognosis after LT have 

continued to emerge. The present study was aimed at establishing an AFP threshold that 

could serve as an exclusion criterion for LT within a homogeneous population of patients 

with HCC meeting T2 criteria according to imaging. Our analysis was based on the last AFP 

level within the 3 months before LT. More than 93% of the patients in our cohort underwent 

1 or more LRTs before LT. We found that an AFP level > 1000 ng/mL was the strongest 

pretransplant variable predicting HCC recurrence after LT and was associated with an 

almost 5-fold increase in risk. The 5-year survival rate was only 53% without recurrence for 

patients with a preoperative AFP level > 1000 ng/mL, whereas it was 80% for those with an 

AFP level ≤1000 ng/mL. A key question that has not been addressed in most other published 

reports is how many patients would have to be excluded from LT at a specific AFP 

threshold to prevent 1 HCC recurrence. In this study, we found that applying an AFP level > 

1000 ng/mL as the cutoff would have resulted in the exclusion of approximately 5% of 

patients from LT and a 20% reduction in the rate of HCC recurrence. Applying a lower AFP 

threshold would have resulted in a greater reduction in the recurrence rate but at the expense 

of excluding many more patients from LT who did not have tumor recurrence and would 

have benefited from LT. We also found that patients who had an initial AFP level > 1000 

ng/mL but showed a decrease in the AFP level to <1000 ng/mL after LRT had a more 

favorable prognosis; only 1 of 12 had HCC recurrence after LT.

Our findings are consistent with several studies that have focused specifically on the effect 

of AFP on posttransplant outcomes.14,22,23 The Liver Transplantation French Study Group14 

recently developed and validated a prognostic model combining AFP with the tumor size 

and number that was significantly better than the Milan criteria alone in predicting HCC 

recurrence and overall survival after LT. Similarly to us, they found an AFP level > 1000 

ng/mL to be associated with a significantly higher risk of HCC recurrence and worse 

posttransplant survival among patients with HCC within the Milan criteria. A subset of their 

patients with HCC exceeding the Milan criteria had 5-year survival rates close to 70% as 

long as their AFP levels were <100 ng/mL. In contrast to single or multicenter studies, a 

number of other studies using large transplant registry data have reported lower AFP 

thresholds ranging from 67 to 667 ng/mL for predicting posttransplant survival.10,17–20 

These results have been based on very large numbers of patients, but they are limited by 

missing information on HCC recurrence and a reliance on overall survival as the endpoint. 

Interestingly, an AFP level > 1000 ng/mL was identified as the only factor predicting 

treatment failure in our experience with tumor down-staging before LT.27
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Although microvascular invasion is well established as a poor prognostic marker for LT for 

HCC,3 the presence of microvascular invasion cannot be determined before LT.28 In the 

present study, microvascular invasion was the only significant predictor of HCC recurrence 

in the multivariate analysis. We observed a strong correlation between AFP and the presence 

of microvascular invasion in the liver explant. Within the AFP range of > 300 to 1000 

ng/dL, the higher the AFP level was, the greater the likelihood was for microvascular 

invasion (Table 5). Very few prior studies have reported a correlation between AFP and 

vascular invasion. In a study by Fujiki et al.,21 an AFP level > 800 ng/mL was associated 

with a significantly increased risk of microvascular invasion as well as a poorly 

differentiated grade in comparison with an AFP level < 200 ng/mL. In the multicenter 

French study,14 both an AFP level > 100 ng/mL and an AFP level > 1000 ng/mL were found 

to be associated with microvascular invasion as well as a poorly differentiated tumor grade. 

Our results suggest that a very high AFP level > 1000 ng/mL despite LRT may serve as a 

surrogate for microvascular invasion and help to further refine selection criteria for LT.

Several other studies have focused on dynamic changes in the AFP level after LRT before 

LT for predicting posttransplant outcomes.13,19,29,30 Merani et al.18 showed that a reduction 

in the AFP level from >400 ng/mL at LT listing to 400 ng/mL before LT as a result of LRT 

was associated with significantly better posttransplant survival in comparison with 

persistently elevated AFP levels > 400 ng/mL (81% versus 48% at 3 years). Lai et al.13 and 

Vibert et al.29 proposed the use of a positive AFP slope > 15 ng/mL/month for 

discriminating prognoses. These studies relied on only 2 data points for calculating the AFP 

slope, and they did not sufficiently account for the random fluctuations in the AFP levels 

frequently seen in chronic liver disease. The use of the initial AFP level at the time of listing 

in these studies also did not account for the initial effects of LRT on AFP. Further 

investigations are, therefore, needed to determine whether a rising AFP level (or a positive 

AFP slope) is better than specific pretransplant AFP levels in discriminating prognoses after 

LT.

Our study has several limitations—most notably the retrospective study design and the small 

number of patients with an AFP level > 1000 ng/mL before LT. Because our center is within 

a region with a prolonged wait-list time, many patients with high AFP levels would have 

been removed from our waiting list (dropout) but may have undergone transplantation at 

other centers with short wait-list times. Indeed, more than 40% of our patients with an initial 

AFP level > 1000 ng/mL were removed from our waiting list during the study period. A 

recent analysis from our center has also demonstrated a strong association between a higher 

AFP level and a greater risk of dropout from the waiting list for LT.31 The very small 

number of patients in our study with a poorly differentiated tumor grade (4.3%) may be the 

result of this selection process, and this may also explain why the grade of tumor 

differentiation was not predictive of HCC recurrence in our study. It is interesting to point 

out that a lack of a complete response to LRT according to mRECIST was not associated 

with a higher rate of HCC recurrence in comparison with patients with a complete response 

in our study. In contrast, a recent multicenter European study by Lai et al.13 suggests that 

patients with progressive disease according to mRECIST after LRT have worse outcomes 

after LT. It is important to consider the effects of wait-list dynamics on the outcomes of 

patients exhibiting progressive disease after LRT. At our center, patients with progressive 
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disease after the first LRT had an 85% 1-year cumulative incidence of wait-list dropout.31 

Because we have demonstrated that a persistently high AFP level > 1000 ng/mL despite 

LRT is a marker of a poor tumor biology or vascular invasion and predicts an increased risk 

of post-LT HCC recurrence, a response to LRT based on a decrease in AFP during the 

observation period before LT should be considered an important endpoint under the ablate-

and-wait principle in the selection of candidates with HCC for LT.32

In summary, the present study suggests that applying an AFP level > 1000 ng/mL as an 

exclusion criterion may further improve posttransplant outcomes for patients with 

pretransplant HCC at a stage meeting the Milan criteria. This approach would result in the 

exclusion of approximately 5% of candidates from LT and a reduction in the rate of HCC 

recurrence of 20%. At our institution, we have now incorporated an AFP level > 1000 

ng/mL as an exclusion criterion for LT for patients within the Milan criteria as well as 

patients undergoing down-staging before LT.27 Those with an AFP level > 1000 ng/mL are 

required to show a response to LRT with a decrease in the AFP level to <500 ng/mL before 

LT. The impact of this change in the selection criteria on posttransplant outcomes is being 

prospectively evaluated.
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MELD Model for End-Stage Liver Disease

mRECIST modified Response Evaluation Criteria in Solid Tumors

PEI percutaneous ethanol injection

RFA radiofrequency ablation

TACE transarterial chemoembolization
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Figure 1. 
Kaplan-Meier probabilities of survival without tumor recurrence after LT for the subgroup 

with an AFP level > 1000 ng/mL and the subgroup with an AFP level ≤1000 ng/mL. The 

difference was statistically significant according to a log-rank test.
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TABLE 1

Baseline Characteristics of the Study Population (n = 211)

Characteristic Value

Age (years)* 62.7 (21–78)

Male [n (%)] 162 (76.8)

Asian [n (%)] 70 (33.2)

Etiology of liver disease [n (%)]

 Hepatitis C virus 132 (62.6)

 Hepatitis B virus 53 (25.1)

 Other 26 (12.3)

MELD score* 11 (6–27)

Child-Pugh class [n (%)]

 A 128 (60.7)

 B 52 (24.6)

 C 31 (14.7)

AFP level (ng/mL)*† 11 (1.6–6990)

AFP categories [n (%)]

 <20 ng/mL 125 (59.2)

 21–100 ng/mL 49 (23.2)

 101–500 ng/mL 19 (9.0)

 501–1000 ng/mL 8 (3.8)

 >1000 ng/mL 10 (4.7)

LRT [n (%)] 197 (93.4)

 TACE only‡ 78 (37.0)

 Ablation only§ 57 (27.0)

  RFA 50 (23.7)

  PEI 7 (3.3)

 Combination‖ 62 (29.4)

  TACE 1 PEI 14 (6.6)

  TACE 1 RFA 46 (21.8)

  Other 2 (0.95)

*
The data are presented as medians and ranges.

†
Last AFP level obtained within the 3 months before LT.

‡
Seventy-eight patients underwent 101 elective TACE treatments (not including TACE performed within the 24 hours before orthotopic LT).

§
Fifty patients received a total of 52 RFA treatments, and the 7 patients treated with PEI had a total of 18 treatment sessions.

‖
Sixty-two patients received a combination of 84 treatments (most commonly TACE and RFA). The 2 patients in the other category included 1 

patient treated with TACE and radioembolization and 1 patient treated with RFA and PEI.
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TABLE 2

Explant Histological Tumor Characteristics (n = 211)

Characteristic Value

Vascular invasion [n (%)]

 Yes 15 (7.1)

 No 196 (92.9)

Pathological tumor stage [n (%)]*

 No viable tumor (complete necrosis) 88 (41.7)

 T1-T2 84 (39.8)

 T3A (beyond Milan criteria but within UCSF criteria) 22 (10.4)

 T3B-T4 (beyond UCSF criteria) 17 (8.1)

Histological tumor grade [n (%)]

 Complete necrosis 88 (41.7)

 Well differentiated 60 (28.4)

 Moderately differentiated 54 (25.6)

 Poorly differentiated 9 (4.3)

*
The UCSF criteria are as follows: 1 lesion ≤6.5 cm or 2 to 3 lesions, each ≤4.5 cm, with a total tumor diameter ≤8 cm.
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TABLE 3

Univariate Analysis of Predictors of HCC Recurrence

Variable HR 95% CI P Value

Vascular invasion 10 3.9–26 <0.001

Pathological stage beyond UCSF criteria* 4.1 1.36–12.6 0.01

AFP level > 1000 ng/mL 4.5 1.3–15.3 0.02

AFP level > 500 ng/mL 3.1 1.04–9.4 0.04

AFP level > 400 ng/mL 2.9 0.97–8.8 0.06

AFP level > 300 ng/mL 2.9 0.95–8.6 0.06

*
The UCSF criteria are as follows: 1 lesion ≤6.5 cm or 2 to 3 lesions, each ≤4.5 cm, with a total tumor diameter ≤8 cm.
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TABLE 4

Multivariate Analysis of Predictors of HCC Recurrence

Variable HR 95% CI P Value

Vascular invasion 5.6 1.6–19 0.0063

AFP level > 1000 ng/mL 1.54 0.36–6.5 0.056

Pathological stage 2.2 0.6–7.6 0.23

beyond UCSF criteria*

*
The UCSF criteria are as follows: 1 lesion ≤6.5 cm or 2 to 3 lesions, each ≤4.5 cm, with a total tumor diameter ≤8 cm.
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