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Abstract

Aim: The selection criteria for patients with hepatocellular carcinoma (HCC) to undergo liver transplantation should
accurately predict posttransplant recurrence while not denying potential beneficiaries. In the present study, we attempted
to identify risk factors associated with posttransplant recurrence and to expand the selection criteria.

Patients and Methods: Adult patients with HCC who underwent liver transplantation between November 2004 and
September 2012 at our centre were recruited into the current study (N= 241). Clinical and pathological data were
retrospectively reviewed. Patients who died during the perioperative period or died of non-recurrence causes were
excluded from this study (N = 25). All potential risk factors were analysed using uni- and multi-variate analyses.

Results: Sixty-one recipients of 216 qualified patients suffered from recurrence. Similar recurrence-free and long-term
survival rates were observed between living donor liver transplant recipients (N = 60) and deceased donor liver transplant
recipients (N = 156). Total tumour volume (TTV) and preoperative percentage of lymphocytes (L%) were two independent
risk factors in the multivariate analysis. We propose a prognostic score model based on these two risk factors. Patients
within our criteria achieved a similar recurrence-free survival to patients within the Milan criteria. Seventy-one patients who
were beyond the Milan criteria but within our criteria also had comparable survival to patients within the Milan criteria.

Conclusions: TTV and L% are two risk factors that contribute to posttransplant recurrence. Selection criteria based on these
two factors, which are proposed by our study, expanded the Milan criteria without increasing the risk of posttransplant
recurrence.

Citation: Li C, Wen T-F, Yan L-N, Li B, Yang J-Y, et al. (2013) Scoring Selection Criteria Including Total Tumour Volume and Pretransplant Percentage of
Lymphocytes to Predict Recurrence of Hepatocellular Carcinoma after Liver Transplantation. PLoS ONE 8(8): e72235. doi:10.1371/journal.pone.0072235

Editor: Xin-Yuan Guan, The University of Hong Kong, China

Received April 30, 2013; Accepted July 8, 2013; Published August 21, 2013

Copyright: � 2013 Li et al. This is an open-access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted
use, distribution, and reproduction in any medium, provided the original author and source are credited.

Funding: This work was supported by a grant from the National Science and Technology Major Project of China (2012ZX10002-016 and 2012ZX10002-017).The
funders had no role in study design, data collection and analysis, decision to publish, or preparation of the manuscript.

Competing Interests: The authors have declared that no competing interests exist.

* E-mail: ccwentianfu@sohu.com

Introduction

Hepatocellular carcinoma (HCC) is the sixth most common

neoplasm and the third leading cause of cancer-related death

worldwide [1]. Due to the high prevalence of hepatitis B infection,

China alone accounts for approximately 55% of HCC cases

worldwide [2]. Liver transplantation is one of the curative

treatments for patients with HCC. However, HCC recurrence

after liver transplantation is a complication that negatively impacts

the long-term survival of recipients. In 1996, Mazzaferro and

colleagues [3] proposed the Milan criteria (single tumour with a

maximum diameter #5 cm; or up to three tumours with none

more than 3 cm), which are widely accepted as the gold standard

for selecting the best HCC candidates for liver transplantation.

Patients with HCC within the Milan criteria and who undergo

liver transplantation can achieve a similar long-term survival to

patients with benign liver disease. However, the Milan criteria are

too stringent and may deny HCC patients who may benefit from

liver transplantation. Subsequently, Yao et al [4] confirmed

appropriate expansion of the Milan criteria did not negatively

impact HCC patient survival and expanded the Milan criteria to

the University of California, San Francisco (UCSF) criteria (single

tumour up to 6.5 cm in maximum diameter; or up to three

tumours with none larger than 4.5 cm and with a total tumour

diameter no more than 8 cm). However, the UCSF criteria are still

too stringent. How to expand the selection criteria without

increasing the risk of posttransplant recurrence is still a highly

discussed topic in the transplant field. In the present study, we

attempted to identify the risk factors associated with recurrence

after liver transplantation.
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Patients and Methods

Study Group
Patients with HCC who underwent liver transplantation

between November 2004 and September 2012 were recruited

into the present study (N=241). The current selection criteria for

liver transplantation are up to 9 cm in total tumour diameter

without macrovascular invasion or exhepatic metastasis, regardless

of the tumour number. The patients who died during the

perioperative period and who died of non-tumour related causes

were excluded from the study (N=25). According to the patient

outcomes, the patients were divided into a recurrence group and

non-recurrence group. At the time of surgery, written consent was

obtained from all patients for their information to be stored in the

hospital database and used for research. All of the liver

transplantations and the present study were approved by the

ethics committee of West China Hospital, Sichuan University. The

ethics committee also approved the retrospective analysis of

existing patient data without additional informed consent for the

current study because we received written consent for scientific

research from all patients at the time of surgery and there was a

low risk of breaching confidentiality.

Donor Selection
Living donors were required to be ABO blood type-compatible

close relatives. Serological testing for hepatitis virus and human

immunodeficiency virus antibodies as well as testing for other

acute or chronic diseases were required to be negative. Volumetric

computed tomography with contrast was utilised to evaluate the

right lobe of the donor’s liver. The right hepatic lobe without the

middle hepatic vein was required to be at least 0.8% of the

recipient’s weight, and at least 40% of the right hepatic lobe was

required to remain for the donor. Magnetic resonance cholangio-

pancreatography was performed to assess the anatomy of the

biliary tree.

Immunosuppression and Antivirus Protocols
Postoperative immunosuppressive maintenance consists of

Calcineurin Inhibitor (tacrolimus or cyclosporine A), mycopheno-

late mofetil and steroids. Steroids were decreased as early as

possible to reduce the risk of HCC recurrence. Steroid pulse

therapy was administered to patients with rejection. For patients

with positive hepatitis B surface antigen, the antivirus therapy

includes Lamivudine and hepatitis B immune globin.

Follow up and Definitions
After liver transplantation, recipients were regularly monitored

via serum alpha fetoprotein (AFP), visceral ultrasonography or

computed tomography or magnetic resonance imaging and chest

radiography every 3 months. Bone scintigraphy was performed

whenever HCC recurrence was suspected. Postoperative recur-

rence was defined as positive imaging findings compared to

preoperative examinations and newly rising tumour markers. All

recipients were regularly followed up to recurrence, death or

termination of the study.

Model for end-stage liver disease score was calculated using the

following formula: MELD score = 9.576Ln creatinine (mg/

dL)+11.26(Ln INR)+3.786Ln bilirubin (mg/dL)+6.43 [5]. Total

tumour volume (TTV) was calculated as the sum of the volumes of

all tumours (4/3 pr3, where r is the maximum radius of each

tumour) [6].

Statistical Analysis
All analyses were performed using SPSS 16.0 for windows.

Continuous variables were presented as the mean 6 SD and

compared using one-way analysis of variance. Categorical

variables were analysed using the Chi-squared test or Fisher’s

exact test. The Kaplan-Meier method with log-rank test was

performed to compare the recurrence-free survival of different

groups. A P value less than 0.05 was considered to be statistically

significant. The diagnostic accuracy of the identified risk factors

was evaluated using receiver operating curves (ROC). To assess

the ability of different models to predict HCC recurrence after

liver transplantation, our analysis was performed using the c-

statistic equivalent to the area under the ROC curve (AUC).

Results

A total of 241 recipients were included in the present study.

Twenty-five recipients, including 23 patients who died during the

perioperative period, 1 patient who died of suicide and 1 patient

who died of infection, were excluded from the current study. The

remaining 216 patients included 60 patients who underwent living

donor liver transplantation (LDLT) and 156 patients who

underwent deceased donor liver transplantation (DDLT). The

mean follow-up period was 47.87628.07 months. The mean

recipient age was 47.2269.29 years, whereas the mean donor age

was 33.9068.74 years. The mean TTV was 115.916108.75 cm3.

The mean MELD score was 11.7265.78. In the present study,

117 patients were within the UCSF criteria, whereas 93 patients

were within the Milan criteria. During the follow-up period, 61

patients suffered from HCC recurrence, including 18 LDLT

recipients and 43 DDLT recipients. Of the 61 patients, 56

patients, including 17 LDLT patients and 39 DDLT patients, died

of tumour recurrence. The overall 1-, 3- and 5-year recurrence-

free survival rates were 86.2%, 70.8% and 68.6% (figure 1a),

respectively, whereas the 1-, 3- and 5-year long-term survival rates

were 97.6%, 77.3% and 70.3% (figure 1b), respectively.

Comparison of LDLT versus DDLT for Patients with HCC
We compared the outcomes of patients who underwent LDLT

versus DDLT. As shown in table 1, the LDLT group had more

female donors than the DDLT group. Except for the difference in

donor gender, the LDLT and DDLT groups were comparable

with respect to age, tumour size, tumour differentiation, and other

metrics. The 1-, 3- and 5-year survival rates of LDLT recipients

were 81.4%, 70.2% and 67.5% versus 87.5%, 71.9% and 69% for

DDLT recipients, respectively. No significant differences were

observed (figure 1c, P=0.799). The overall long-term survival

rates for the two groups were also similar (98.3%, 76.3% and

69.2% for LDLT patient and 97.3%, 77.7% and 70.8% for

DDLT patients, respectively; figure 1d, P=0.717).

Factors Associated with Posttransplant Recurrence
As listed in table 2, the preoperative percentage of lymphocytes

(L%), total tumour size, TTV, microvascular invasion and

measurements other than those in the UCSF criteria were

potential risk factors in the univariate analyses, whereas multiple

tumours, percentage of neutrophils (N%), neutrophil-to-lympho-

cyte ratio (NLR) and tumour differentiation did not show

prognostic power. However, as shown in table 3, only TTV and

L% were independent risk factors in the multivariate analysis using

the Cox regression model. The ROC curve analysis showed the

best cut-off values for TTV and L% were 172 cm3 and 30.2%,

respectively (figure 2a and figure 2b). In the present study, we

chose 30% as the cut-off value for L%.

Scoring Selection Criteria Predict HCC Recurrence

PLOS ONE | www.plosone.org 2 August 2013 | Volume 8 | Issue 8 | e72235



A Preoperative Prognostic Score Model
A simple preoperative prognostic score was derived from the

results of the Cox regression analysis. Each above-mentioned risk

factor was given a score of 1, and patients were stratified into 3

categories according to the number of risk factors. As presented in

table 4, if patients did not have any risk factors, the prognostic

score was 0. If patients had any one of the above-mentioned risk

factors, the prognostic score was 1. If patients had both of the two

risk factors, the prognostic score was 2. In the present study, 55

patients did not have any risk factor, 109 patients had one risk

factor and 52 patients had 2 risk factors. As shown in figure 2c, the

1-, 3- and 5-year recurrence-free survival rates of patients with

two, one and no risk factors were 76.9%, 51.4% and 48.3%;

85.6%, 71.3% and 71.3%; and 94.5%, 89.8% and 84.3%,

respectively. A significant difference was observed (P,0.001).

When the number of risk factors was analysed and confirmed by

multivariate analysis with a ROC, the best cut-off value for the

number of risk factors was determined to be greater than 1

(figure 2d). Because we excluded patients with macrovascular

invasion and/or exhepatic metastasis from this study and the

maximum tumour size was 9 cm (the TTV was 382 cm3) in this

study, we proposed a new prognostic score model to predict HCC

recurrence after liver transplantation as follows: 1) the TTV of

HCC patients is no more than 172 cm3, regardless of the

preoperative percentage of lymphocytes; 2) if the TTV of HCC

patients is greater than 172 cm3 (about one tumour up to 7 cm in

Figure 1. The recurrence-free survival (figure 1a) and long-term survival (figure 1b) curves for all of the patients. Recurrence-free
survival (figure 1c, P= 0.799) and overall long-term survival curves (figure 1d, P= 0.717) for patients undergoing LDLT vs. DDLT.
doi:10.1371/journal.pone.0072235.g001

Table 1. Comparison of the demographic data for the LDLT
and DDLT groups.

Variables DDLT (N=156) LDLT (N=60) P

Donor variables

Age (years) 33.7767.49 34.23611.43 0.727

Gender (female) 6 20 ,0.001

BMI (kg/m2) 22.7362.19 22.6361.89 0.749

Recipient variables

Age (years) 47.9969.60 45.2368.18 0.050

Gender (female) 18 6 0.747

BMI (kg/m2) 22.8462.88 23.3263.61 0.314

AFP (ng/ml) 512.546513.96 536.616505.62 0.757

Tumour size (cm) 5.1862.25 5.3462.23 0.632

TTV (cm3) 114.546109.93 119.476106.45 0.767

Multiple tumours 28 6 0.151

Microvascular invasion 45 25 0.071

Differentiation (poor/
moderate/well)

25/106/25 7/41/12 0.620

MELD 11.9266.17 11.2264.60 0.426

doi:10.1371/journal.pone.0072235.t001

Scoring Selection Criteria Predict HCC Recurrence
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maximum diameter) and less than 382 cm3, the preoperative

percentage of lymphocytes should be no less than 30%; 3) there is

no macrovascular invasion or exhepatic metastasis. A total of 164

patients fulfilled our criteria, including 93 patients who were

within the Milan criteria and 71 patients who were beyond the

Milan criteria. The 1-, 3- and 5-year recurrence-free survival rate

of patients within our criteria was much better than those beyond

our criteria (figure 3a, 88.7%, 78.4% and 75.7% versus 76.9%,

51.4% and 48.3%, respectively; P,0.001). We also compared the

recurrence-free survival rates of patients within our criteria with

patients within the Milan criteria. As shown in figure 3b, the 1-, 3-

and 5-year recurrence-free survival rates of patients within our

criteria were similar to those of patients within the Milan criteria

(88.7%, 78.4% and 75.7% versus 89.1%, 78.1% and 75.2%,

respectively; P=0.810). Seventy-one patients beyond the Milan

criteria but within our criteria benefited from liver transplantation.

The 1-, 3- and 5-year recurrence-free survival rates of patients

beyond the Milan criteria but within our criteria were 88%, 78.7%

and 76.3%, respectively, which were similar to patients within the

Milan criteria (figure 3c, P=0.768).We also compared the

predictive ability of our criteria and the Milan criteria by assessing

the AUC of the two criteria. As shown in figure 3d, the AUC of

our criteria was significantly higher than that of the Milan criteria

(0.670 vs. 0.560, P=0.002).

Discussion

Liver transplantation is perceived as one of the curative

treatments for patients with HCC. Because deceased donor grafts

are a public resource, how to efficiently and fairly allocate this

resource is an issue that deserves further study. Although a number

of investigations have confirmed HCC patients within the Milan

criteria who undergo liver transplantation have excellent out-

comes, these strict selection criteria may deny other HCC patients

who may benefit from liver transplantation but do not meet the

Milan criteria. [7,8,9] Recently, even Mazzaferro and colleagues

[10] proposed up-to-seven criteria to expand the Milan criteria. In

the present study, we confirmed TTV and preoperative percent-

age of lymphocytes are two independent risk factors for HCC

recurrence in patients undergoing liver transplantation and

proposed a prognostic scoring model based on these two risk

factors. According to our model, 32.87% of patients who were

beyond the Milan criteria still achieved a similar outcome to those

within the Milan criteria.

Figure 2. Receiver operating curves for TTV (figure 2a) and L% (figure 2b). Cumulative survival curves for patients with 0, 1 or 2 of the risk
factors that were confirmed by multivariate analysis (figure 2c, P,0.001). Receiver operating curve for the predictive risk factors that were confirmed
by the multivariate analysis (figure 2d).
doi:10.1371/journal.pone.0072235.g002
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A number of selection criteria of patients with HCC for liver

transplantation used tumour size and tumour number as two

variables to select patients. [3,4] However, our study suggests the

TTV of HCC patients was a useful prognostic predictor for

patients with HCC undergoing liver transplantation. Although

TTV is also mainly dependent on the maximum tumour size, the

tumour number did not play a key role in selecting patients. For

instance, both the Milan and UCSF criteria suggest the tumour

number should not be greater than 3. Accordingly, patients with

more than 3 small nodules were denied by both the Milan and

UCSF criteria. However, these patients may be included in our

model. In our practice, a patient with 6 small tumours received

liver transplantation and survived without recurrence. Therefore,

our model may be beneficial to patients with multiple small

tumours. Furthermore, TTV did not define a maximum tumour

size for each tumour. The TTV only emphasised the total volume

of HCC. For example, patients with two HCC tumours, of which

one is 5 cm, are also denied transplantation by both the Milan and

UCSF criteria. However, these patients may also have a chance to

undergo liver transplantation according to our criteria. Similar to

our study, Toso et al [6] also confirmed TTV is an independent

risk factor for patients with HCC following liver transplantation.

They suggested the best cut-off value for TTV was 115 cm3. [6] In

their study, they measured the tumour size using pathological

data. [6] However, our results were based on imaging findings.

Tumours may shrink without blood supply after resection, which

may explain why Toso et al’s cut-off value is smaller than our

criteria. In the present study, pathological data were unavailable

before the surgery. Accordingly, our model may be a better

reflection of actual clinical practice. Additionally, a TTV of 172

cm3 is approximately 7 cm in diameter for a single tumour. If the

preoperative percentage of lymphocytes is not less than 30%, the

TTV could be expanded to 382 cm3 (about 9 cm in diameter for a

single tumour). Therefore, our model is not only an expansion of

the Milan criteria but also an expansion of the UCSF criteria.

Different from previous investigations, the NLR did not show

prognostic power in the present study, whereas the preoperative

percentage of lymphocytes was associated with recurrence in the

multivariate analysis. Halazun et al [11] confirmed HCC patients

with a high NLR undergoing liver transplantation had worse

recurrence-free and long-term survival rates than those with a low

preoperative NLR. Subsequently, a number of investigations

suggested preoperative NLR may be a useful predictor for patients

with HCC undergoing liver resection and radio frequency. [12,13]

Halazun et al [11] hypothesised the potential explanation for NLR

in predicting HCC patient outcomes as follows: First, patients with

a high preoperative NLR may have a high percentage of

neutrophils and a low percentage of lymphocytes; however,

previous investigations suggest neutrophils could secret vascular

endothelial growth factor (VEGF) which could lead to angiogen-

esis and improve tumour growth [14,15]; Second, after liver

transplantation, the antitumour immune response largely depends

on the lymphocyte system. [16,17] A low preoperative percentage

Table 2. Univariate analyses for the risk factors of postoperative recurrence.

Variables Non-recurrence group Recurrence group P

Donor variables

Age (years) 33.8568.56 34.0269.25 0.901

Gender (female) 20 6 0.533

BMI (kg/m2) 22.8262.14 22.4162.02 0.203

Recipient variables

Age (years) 47.6769.44 46.1068.88 0.214

Gender (female) 20 4 0.214

BMI (kg/m2) 22.9163.18 23.1362.92 0.652

AFP (ng/ml) 496.516514.31 576.966500.56 0.298

N% 64.77%613.40% 61.84%614.36% 0.157

L% 27.94%614.00% 22.83%610.37% 0.010

N/L 4.1265.16 4.1062.73 0.974

Tumour size (cm) 4.9562.24 5.9362.10 0.003

TTV 102.616101.06 149.716120.60 0.004

Multiple tumours 25 9 0.803

Microvascular invasion 45 25 0.091

Differentiation (poor/moderate/well) 29/105/21 8/42/11 0.496

MELD 11.9866.08 11.0764.91 0.296

LDLT 42 18 0.722

Beyond the Milan criteria 72 21 0.108

Beyond the UCSF criteria 90 27 0.067

doi:10.1371/journal.pone.0072235.t002

Table 3. Multivariate analysis for the risk factors of
postoperative recurrence.

Variables OR 95% CI P

TTV 1.002 1.000–1.005 0.028

L% 0.975 0.954–0.998 0.032

doi:10.1371/journal.pone.0072235.t003

Scoring Selection Criteria Predict HCC Recurrence
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of lymphocytes may weaken the antitumour response of patients

with a high NLR. However, recently, Motomura and colleagues

[18] confirmed the VEGF, interleukin-8 (IL-8), IL-17, CD68 and

CD163 levels were similar between patients with low and high

preoperative NLRs who underwent liver transplantation. Patients

with a high NLR have a high level of IL-17 in the serum and

peritumoural tissues. [18] CD163-positive tumour-associated

macrophages correlated significantly with IL-17-producing cells.

[18] According to Motomura et al’s [18] results, the NLR’s ability

to predicts tumour recurrence may not be through angiogenesis

but via the inflammatory tumour microenvironment. Our study

also confirmed the preoperative percentage of neutrophils was not

different between the recurrence and non-recurrence groups.

Western et al [19] also suggested preoperative NLR cannot

predict the outcomes of patients with HCC undergoing liver

resection. We hypothesise the correlation between preoperative

percentage of lymphocytes and postoperative recurrence may be

due to the weakened antitumour response in patients with a low

percentage of lymphocytes. Eto et al [20] even suggested

posttransplant administration of donor lymphocyte infusions may

induce potential antitumour immunity to solid tumours for

patients with haematological malignancy. However, the detailed

mechanism of correlation between percentage of lymphocytes and

postoperative recurrence is unclear and requires further study.

Performing LDLT for patients with HCC remains controver-

sial. LDLT is referred to as ‘‘fast track’’ transplantation because of

the shorter waiting time compared to DDLT. Due to the short

waiting time, more patients with aggressive tumours receive

LDLT, whereas these patients may drop out from the waiting list

due to tumour regression when waiting for a deceased donor liver

graft. [21] Moreover, LDLT needs to preserve the native inferior

Figure 3. Cumulative survival curves of patients with 0–1 and 2 of the risk factors that were confirmed by multivariate analysis
(figure 3a, P,0.001). Recurrence-free survival curve of patients within our criteria vs. the Milan criteria (figure 3b, P= 0.810). Recurrence-free
survival curve for patients beyond the Milan criteria but within our criteria vs. patients within the Milan criteria (figure 3c, P=0.768). Comparison of
the AUCs of our criteria and the Milan criteria (figure 3d).
doi:10.1371/journal.pone.0072235.g003

Table 4. Independent predictors and assigned risk score
points.

Variables Risk score points

TTV#172 cm3 0

TTV.172 cm3 1

L%$30% 0

L%,30% 1

doi:10.1371/journal.pone.0072235.t004

Scoring Selection Criteria Predict HCC Recurrence
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vena cava as well as the greater length of the bile duct and hepatic

artery. Accordingly, some investigators suggest LDLT could not

radically remove all tumour cells. [22,23] LDLT transplants a

partial liver graft, which is smaller than the graft used in DDLT.

Animal and clinical studies have demonstrated postoperative

excessive portal venous flow and transient portal hypertension may

lead to graft injury, which accompanies angiogenesis and cell

migration. [24,25] Additionally, rapid liver regeneration during

the early period after LDLT is also an angiogenesis-associated

phenomenon. [26] As a complex surgical procedure, more

manipulation during LDLT may also lead to tumour metastasis

to exhepatic sites via the hepatic vein. For the above-mentioned

reasons, LDLT for patients with HCC may have poorer outcomes

compared to DDLT. However, recently, a meta-analysis per-

formed by Liang et al [27] indicates the outcomes of patients with

HCC undergoing LDLT were similar to those of patients who

received DDLT, especially for those within the Milan criteria. Our

study further confirmed LDLT can achieve similar outcomes to

DDLT for patients with HCC when using expanded selection

criteria. However, interestingly, another meta-analysis performed

by Grant et al [28] suggested the recurrence-free survival rate of

patients who underwent LDLT was poorer than that of patients

who underwent DDLT. Previous investigations suggested macro-

vascular invasion and tumour size were the predominant factors

that contributed to postoperative recurrence rather than the

differences in the liver grafts. Our study also confirmed

preoperative percentage of lymphocytes and TTV were indepen-

dent risk factors for posttransplant recurrence.

Some investigations suggested microvascular invasion predict

recurrence after liver transplantation [29,30]. However, in the

present study, microvascular invasion did not show any prognostic

power. Using microvascular invasion to predict posttransplant

recurrence remains controversial. Shah et al [31] confirmed

macrovascular invasion but not microvascular invasion adversely

impacts outcomes for liver transplant recipients. Ataide et al [32]

also suggested microvascular invasion was not associated with

posttransplant recurrence. It is important to clarify the degree of

microvascular and macrovascular invasion because some investi-

gators included the vessel wall and some investigators included the

muscular wall, whereas others only defined microvascular invasion

as microscopic tumour invasion identified in the portal or hepatic

vein of the surrounding liver tissue. [32,33] Roayaie et al’s [34]

investigation confirmed that invasion of a vessel with a muscular

wall predicted HCC recurrence after liver resection.

There are some limitations in the present study. More female

donors were observed in the LDLT group. Although previous

investigations suggested female-to- male gender match contributed

to poor long-term survival, there was little information regarding

the influence of donor gender on posttransplant recurrence.

[35,36] Additionally, the largest TTV in the current study was 382

cm3. Whether patients with a percentage of lymphocytes no less

than 30% and a TTV greater than 382 cm3 could achieve good

long-term survival was not further studied in the current study.

In conclusion, our study identified TTV and preoperative

percentage of lymphocytes as two independent risk factors for

patients with HCC undergoing liver transplantation. A prognostic

score model based on the two risk factors was proposed in the

present study. Our model expanded the Milan criteria without

increasing the risk of postoperative recurrence.

Author Contributions

Performed the experiments: LC TFW LNY BL JYY MQX WTW YGW.

Analyzed the data: CL. Contributed reagents/materials/analysis tools:

LNY BL JYY MQX WTW YGW. Wrote the paper: CL TFW.

Contributed to the operations: TFW LNY BL JYY MQX WTW YGW.

References

1. Llovet JM, Bruix J (2008) Novel advancements in the management of

hepatocellular carcinoma in 2008. J Hepatol 48 Suppl 1: S20–37.

2. Parkin DM, Bray F, Ferlay J, Pisani P (2005) Global cancer statistics, 2002. CA

Cancer J Clin 55: 74–108.

3. Mazzaferro V, Regalia E, Doci R, Andreola S, Pulvirenti A, et al. (1996) Liver

transplantation for the treatment of small hepatocellular carcinomas in patients

with cirrhosis. N Engl J Med 334: 693–699.

4. Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, et al. (2001) Liver

transplantation for hepatocellular carcinoma: expansion of the tumor size limits

does not adversely impact survival. Hepatology 33: 1394–1403.

5. Malinchoc M, Kamath PS, Gordon FD, Peine CJ, Rank J, et al. (2000) A model

to predict poor survival in patients undergoing transjugular intrahepatic

portosystemic shunts. Hepatology 31: 864–871.

6. Toso C, Trotter J, Wei A, Bigam DL, Shah S, et al. (2008) Total tumor volume

predicts risk of recurrence following liver transplantation in patients with

hepatocellular carcinoma. Liver Transpl 14: 1107–1115.

7. Dumitra TC, Dumitra S, Metrakos PP, Barkun JS, Chaudhury P, et al. (2013)

Pretransplantation alpha-fetoprotein slope and milan criteria: strong predictors

of hepatocellular carcinoma recurrence after transplantation. Transplantation

95: 228–233.

8. Duvoux C, Roudot-Thoraval F, Decaens T, Pessione F, Badran H, et al. (2012)

Liver transplantation for hepatocellular carcinoma: a model including alpha-

fetoprotein improves the performance of Milan criteria. Gastroenterology 143:

986–994 e983; quiz e914–985.

9. Nemes B, Gelley F, Piros L, Zadori G, Gorog D, et al. (2011) The impact of

Milan criteria on liver transplantation for hepatocellular carcinoma: first 15

years’ experience of the Hungarian Liver Transplant Program. Transplant Proc

43: 1272–1274.

10. Mazzaferro V, Llovet JM, Miceli R, Bhoori S, Schiavo M, et al. (2009)

Predicting survival after liver transplantation in patients with hepatocellular

carcinoma beyond the Milan criteria: a retrospective, exploratory analysis.

Lancet Oncol 10: 35–43.

11. Halazun KJ, Hardy MA, Rana AA, Woodland DC, III, Luyten EJ, et al. (2009)

Negative Impact of Neutrophil-Lymphocyte Ratio on Outcome After Liver

Transplantation for Hepatocellular Carcinoma. Ann Surg 250: 141–151.

12. Chen T-M, Lin C-C, Huang P-T, Wen C-F (2012) Neutrophil-to-lymphocyte

ratio associated with mortality in early hepatocellular carcinoma patients after

radiofrequency ablation. J Gastroenterol Hepatol 27: 553–561.

13. Gomez D, Farid S, Malik HZ, Young AL, Toogood GJ, et al. (2008)

Preoperative neutrophil-to-lymphocyte ratio as a prognostic predictor after

curative resection for hepatocellular carcinoma. World J Surg 32: 1757–1762.

14. Zhang L, Wang JN, Tang JM, Kong X, Yang JY, et al. (2012) VEGF is essential

for the growth and migration of human hepatocellular carcinoma cells. Mol Biol

Rep 39: 5085–5093.

15. Wang R, Zhao N, Li S, Fang JH, Chen MX, et al. (2013) MicroRNA-195

suppresses angiogenesis and metastasis of hepatocellular carcinoma by inhibiting

the expression of VEGF, VAV2 and CDC42. Hepatology.

16. Wu Y, Liu C, Sun M, Shen H, Guo D, et al. (2010) A specific cytotoxic T-

lymphocyte epitope presentation system for antitumor immunity. Int J Cancer

126: 2373–2386.

17. Wang H-T, Lee H-I, Guo J-H, Chen S-H, Liao Z-K, et al. (2012) Calreticulin

promotes tumor lymphocyte infiltration and enhances the antitumor effects of

immunotherapy by up-regulating the endothelial expression of adhesion

molecules. Int J Cancer 130: 2892–2902.

18. Motomura T, Shirabe K, Mano Y, Muto J, Toshima T, et al. (2013) Neutrophil-

lymphocyte ratio reflects hepatocellular carcinoma recurrence after liver

transplantation via inflammatory microenvironment. J Hepatol 58: 58–64.

19. Western CE, Aroori S, Bowles M, Stell D (2012) Preoperative neutrophil:lym-

pocyte ratio does not predict posto-operative complications following hepatic

resection. Gut 61: A192.

20. Eto M, Kamiryo Y, Takeuchi A, Harano M, Tatsugami K, et al. (2008)

Posttransplant administration of cyclophosphamide and donor lymphocyte

infusion induces potent antitumor immunity to solid tumor. Clin Cancer Res 14:

2833–2840.

21. Lo CM, Fan ST, Liu CL, Chan SC, Ng IOL, et al. (2007) Living donor versus

deceased donor liver transplantation for early irresectable hepatocellular

carcinoma. Br J Surg 94: 78–86.

22. Fisher RA, Kulik LM, Freise CE, Lok ASF, Shearon TH, et al. (2007)

Hepatocellular carcinoma recurrence and death following living and deceased

donor liver transplantation. Am J Transplant 7: 1601–1608.

23. Di Sandro S, Slim AO, Giacomoni A, Lauterio A, Mangoni I, et al. (2009)

Living Donor Liver Transplantation for Hepatocellular Carcinoma: Long-Term

Scoring Selection Criteria Predict HCC Recurrence

PLOS ONE | www.plosone.org 7 August 2013 | Volume 8 | Issue 8 | e72235



Results Compared With Deceased Donor Liver Transplantation. Transplant

Proc 41: 1283–1285.

24. Man K, Fan ST, Lo CM, Liu CL, Fung PCW, et al. (2003) Graft injury in

relation to graft size in right lobe live donor liver transplantation - A study of

hepatic sinusoidal injury in correlation with portal hemodynamics and intragraft

gene expression. Ann Surg 237: 256–264.

25. Man K, Lo CM, Lee TKW, Li XL, Ng IOL, et al. (2003) Intragraft gene

expression profiles by cDNA microarray in small-for-size liver grafts. Liver

Transpl 9: 425–432.

26. Jiang S-M, Zhou G-W, Zhang R, Peng C-H, Yan J-Q, et al. (2009) Role of

Splanchnic Hemodynamics in Liver Regeneration After Living Donor Liver

Transplantation. Liver Transpl 15: 1043–1049.

27. Liang W, Wu L, Ling X, Schroder PM, Ju W, et al. (2012) Living donor liver

transplantation versus deceased donor liver transplantation for hepatocellular

carcinoma: A meta-analysis. Liver Transpl 18: 1226–1236.

28. Grant RC, Sandhu L, Dixon PR, Greig PD, Grant DR, et al. (2013) Living vs.

deceased donor liver transplantation for hepatocellular carcinoma: a systematic

review and meta-analysis. Clin Transplant 27: 140–147.

29. Lee HH, Joh J, Park JH, Lee KW, Heo JS, et al. (2005) Microvascular tumor

embolism: Independent prognostic factor after liver transplantation in

hepatocellular carcinoma. Transplant Proc 37: 1251–1253.

30. Moon JI, Kwon CHD, Joh JW, Choi GS, Jung GO, et al. (2012) Primary Versus

Salvage Living Donor Liver Transplantation for Patients With Hepatocellular
Carcinoma: Impact of Microvascular Invasion on Survival. Transplant Proc 44:

487–493.

31. Shah SA, Tan JCC, McGilvray ID, Cattral MS, Levy GA, et al. (2007) Does
microvascular invasion affect outcomes after liver transplantation for HCC? A

histopathological analysis of 155 consecutive explants. J Gastrointest Surg 11:
464–471.

32. Ataide EC, Boin IFSF, Almeida JRS, Seva-Pereira T, Stucchi RSB, et al. (2011)

Prognostic Factors for Hepatocellular Carcinoma Recurrence: Experience With
83 Liver Transplantation Patients. Transplant Proc 43: 1362–1364.

33. Sumie S, Kuromatsu R, Okuda K, Ando E, Takata A, et al. (2008)
Microvascular invasion in patients with hepatocellular carcinoma and its

predictable clinicopathological factors. Ann Surg Oncol 15: 1375–1382.
34. Roayaie S, Blume IN, Thung SN, Guido M, Fiel M-I, et al. (2009) A System of

Classifying Microvascular Invasion to Predict Outcome After Resection in

Patients With Hepatocellular Carcinoma. Gastroenterology 137: 850–855.
35. Wittnich C, Belanger MP, Askin N, Boscarino C, Wallen WJ (2004) Lower liver

transplant success in females: Gender differences in metabolic response to global
ischemia. Transplant Proc 36: 1485–1488.

36. Burra P, De Martin E, Gitto S, Villa E (2013) Influence of Age and Gender

Before and After Liver Transplantation. Liver Transpl 19: 122–134.

Scoring Selection Criteria Predict HCC Recurrence

PLOS ONE | www.plosone.org 8 August 2013 | Volume 8 | Issue 8 | e72235


