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Background: Liver transplantation (LT) is the most effective and radical treatment for hepatocellular 
carcinoma (HCC). Most LT criteria are based on the morphological characteristics of tumors, which are 
not enough to predict the risk of tumor recurrence. It is found that some serological biomarkers can predict 
tumor recurrence and may be a good indicator for selecting suitable HCC patients for LT. This article aims 
to evaluate the predictive effect of preoperative serological indicators on long-term overall survival (OS) 
and tumor recurrence-free survival (TFS) of patients with HCC after LT, and to explore its significance for 
expanding the Milan criteria.
Methods: Clinical data of 253 patients after LT in HCC were collected retrospectively. The receiver 
operating characteristic curve was used to calculate the best cut-off value. χ2 test was used to analyze the 
correlation between preoperative serological indicators and tumor pathological features. Univariate and 
multivariate analyses were used to analyze the risk factors affecting the OS and TFS rates and the predictive 
values of different LT criteria were compared. Nomogram model was used to predict the OS and TFS rates 
of patients exceeding Milan criteria.
Results: Independent risk factors for poor OS and TFS rates were alpha-fetoprotein (AFP) >200 ng/mL, 
gamma-glutamyl transpeptidase (GGT) >80 IU/L, total tumor diameter (TTD) >8 cm and microsatellite 
lesions. Nomogram model showed patients beyond Milan criteria had better survival when AFP ≤200 ng/mL 
and GGT ≤80 IU/L or AFP >200 ng/mL, GGT ≤80 IU/L and TTD ≤8 cm. According to Milan criteria, 
AFP, GGT and TTD, Milan-AFP-GGT-TTD (M-AGT) criteria was established. There was no significant 
difference in OS and TFS rates among patients in M-AGT, Milan, Hangzhou, Malaya and the University of 
California at San Francisco (UCSF) criteria.
Conclusions: Preoperative serological indicators AFP and GGT can effectively predict long-term OS and 
TFS in HCC patients after LT. Establishing M-AGT criteria based on serological indicators is helpful to 
supplement the Milan criteria.
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Introduction

Hepatocellular carcinoma (HCC) is among the most 
common malignant tumors and the third leading cause 
of cancer-associated death worldwide (1). A predicted 1.3 
million people could die from liver cancer in 2040 (2). Liver 
transplantation (LT) is one of the most effective treatments 
for the radical cure of HCC (3), but it is limited by organ 
shortage and the higher postoperative tumor recurrence. 
Thus, it is particularly important to select appropriate HCC 
recipients for LT. 

Milan criteria are recognized as the gold standard for 
LT with HCC, which is based on tumor morphology 
features, can effectively reduce tumor recurrence rate and 
improve patient prognosis post-LT (4,5). However, Milan 
criteria are too strict, resulting in some HCC patients 
who may benefit from LT being excluded (6,7). Thus, 
several expanded criteria beyond the Milan criteria have 
been proposed, such as the University of California at 
San Francisco (UCSF) (8), Asan (9), “Up to seven” (10), 
Kyoto (11) and Shanghai criteria (12), etc. These expanded 
criteria were also mainly based on the tumor morphological 
characteristics, such as tumor number or tumor nodule 
size. However, there are deficiencies in detecting tumor 
morphological features using imaging techniques, which 
can lead to the inaccuracy of preoperative evaluation for 
LT (13). Several reports have indicated that as many as  

20–25% of  HCC pat ients  who undergo LT have 
inaccurately staged morphological characteristics by imaging  
techniques (14). Additionally, in some expanded LT criteria, 
such as Hangzhou (15) and Malatya criteria (16), tumor 
histological differentiation needs to be assayed by liver 
biopsy, which is a kind of invasive examination with 
potential risks and is not necessary for every patient with 
HCC before LT. These limitations have promoted people’s 
interest in identifying the effective prognostic serologic 
biomarker for HCC patients with LT (17).

Alpha-fetoprotein (AFP) as a serum marker of HCC, 
has been identified as an independent predictor of tumor 
recurrence and survival after LT in HCC patients (15,18-21), 
and has been included as a vital index in several expanded 
criteria, such as Hangzhou criteria and Metroticket2.0 
criteria (21). However, the efficacy of the AFP is limited, 
because the level of AFP was negative and not significantly 
elevated in 30–40% of patients with HCC (22,23), while 
in some individuals without HCC, the AFP level has  
increased (24). Therefore, it is necessary to find more 
feasible serum indicators to make up for the limitations of 
AFP and the Milan criteria, so as to select suitable HCC 
recipients for LT.

Previous studies had reported that serum liver enzyme 
indicators for detecting and evaluating hepatic injury 
were related to HCC and its prognosis (25-27). However, 
few studies have investigated their role as risk factors in 
predicting the outcomes of HCC patients after LT. The 
study evaluated the prognostic role of preoperative serum 
liver enzyme indicators on tumor recurrence and survival of 
HCC patients who received LT, and established appropriate 
LT criteria based on serological indicators to improve Milan 
criteria expanded. We present this article in accordance 
with the TRIPOD reporting checklist (available at https://
tgh.amegroups.com/article/view/10.21037/tgh-24-40/rc).

Methods

Patients and data collection

From January 2015 and January 2019, 255 patients with 
HCC underwent LT with donation after cardiac death 
(DCD) or donation after brain death plus cardiac death 
(DBCD) were included in this study at the Third Medical 
Center of Chinese PLA General Hospital, Beijing, China. 
All of them had histologically proven HCC in pre-LT or 
intraoperative examination. Inclusion criteria: (I) patients 
with imaging and pathological diagnosis of HCC; (II) 
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patients treated with DCD or DBCD LT; (III) age ≥18 years, 
and (IV) all patients had completely preoperative baseline 
data postoperative and follow-up data. Exclusion criteria: (I) 
macrovascular invasion and lymph node or distant metastasis, 
(II) multi-visceral and combined organ retransplantation, (III) 
death due to non-tumor diseases within 1 month after LT. 
According to the inclusion and exclusion criteria, 253 HCC 
patients were enrolled in this study. Table 1 summarizes the 
baseline characteristics of 253 HCC patients. The study was 
conducted in accordance with the Declaration of Helsinki 
(as revised in 2013). The study was approved by the Ethics 
Committee of the Third Medical Center of Chinese PLA 
General Hospital (No. 2011-042) and informed consent was 
obtained from all individual participants.

In the current study, there were 220 (87%) men and 33 
(13%) women, with a median age of 54 (range, 20–77) years. 
AFP level and liver enzyme indicators were detected within  
1 month before LT. The median serum AFP level was  
34.3 mg/L (range, 1.15–60,500 mg/L). The median serum 
aspartate aminotransferase (AST), alanine aminotransferase 
(ALT) and gamma-glutamyl transpeptidase (GGT) 
levels  were 38.50 IU/L (range,  11–6,034 IU/L),  
32.00 IU/L (range, 4–4,398 IU/L), and 75.50 IU/L (range, 
8–1,384 IU/L), respectively. Among the 253 patients, 198 
were serum HBsAg positive, 32 were HBeAg positive and 
48 patients were hepatitis B virus (HBV) DNA positive  
(>1 IU/mL). Before LT, 47 (18.6%) patients received anti-tumor 
treatments. There were 96 (37.9%) patients who met the Milan 
criteria.

Diagnosis and assessment

HCC was diagnosed before LT by measuring serum AFP and 
combining two imaging techniques [ultrasound, computed 
tomography (CT), magnetic resonance imaging (MRI), 
positron emission tomography (PET), or histologically 
by liver biopsy. HCC was diagnosed by histopathological 
examination during the operation. The resected liver of HCC 
recipients was examined by two experienced pathologists. 
Record the number of tumors, the size of tumors (the largest 
diameter of tumor nodules), the degree of differentiation 
(well, moderately, or poorly differentiated) and whether there 
is invasion of blood vessels or lymph nodes around the liver.

Immunosuppressive therapy and follow-up

Postoperative immunosuppression was based on the 
calcineurin-inhibitor (tacrolimus or ciclosporin) combined 

with mycophenolate mofetil (MMT) and prednisone. 
Prednisone was gradually stopped within 3 months after 
LT, and the recipients who stopped tacrolimus (FK506) 
or cyclosporine 3 months after transplantation began to 
use sirolimus. The HCC patients after LT were followed 
monthly for the first year and every 3–6 months after that. 
All patients underwent routine laboratory tests such as 
blood routine, biochemical tests, drug concentration, tumor 
markers, and imaging examinations, etc. 

During the follow-up period, tumor recurrence or 
metastasis was assessed routinely by AFP level and abdominal 
ultrasonography once a month, and the whole-body CT 
or MRI examinations every 6–12 months. If necessary, the 
recurrence of tumor was confirmed histologically by liver 
biopsy examination.

The overall survival (OS) time was calculated from the 
date of operation to the date of death or the most recent 
follow-up visit. The tumor recurrence-free survival (TFS) 
time was calculated from the date of operation to the first 
day of diagnosis of tumor recurrence.

Statistical analysis

The primary endpoint was OS, and the secondary endpoints 
were TFS rates. Frequencies, means, and medians were 
calculated for the clinical data. The optimal cut-off values 
were calculated by the receiver operating characteristic 
(ROC) curves. OS and TFS rates were assessed by the 
log-rank test, and Kaplan-Meier survival analysis was 
performed. Multivariate stepwise Cox regression was 
used to find the independent factors influencing survival. 
Nomogram model was used to predict OS and TFS rates 
in HCC patients who do not meet the Milan criteria. By 
comparing the area under ROC curve (AUC) and prognosis, 
the predictive power of different LT criteria was evaluated. 
Statistical significance was defined as a two-tailed P<0.05. 
All statistics was carried out by SPSS Statistics software (ver. 
23. SPSS Inc., Chicago, IL, USA). This article follows the 
SAMPL guidelines for statistics.

Results

Survival and recurrence

During the follow-up period, 1 case was lost to follow-up, 
1 case died of non-tumor diseases within 1 month after LT, 
and the remaining 253 patients met the conditions of this 
study. The patient selection process is shown in Figure 1. 
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Table 1 Main clinical and pathological characteristics of patients 
included in this study (N=253)

Variables N (%)

Gender

Male 220 (87.0)

Female 33 (13.0)

Age (years)

≤60 202 (79.8)

>60 51 (20.2)

GGT (IU/L)

≤80 133 (52.6)

>80 120 (47.4)

AST (IU/L)

≤47 155 (61.3)

>47 98 (38.7)

AFP (ng/mL)

≤200 169 (66.8)

>200 84 (33.2)

ALT (IU/L)

≤30 115 (45.5)

>30 138 (54.5)

HBV DNA (copies/mL)

≤1 205 (81.0)

>1 48 (19.0)

Microsatellite lesions

Absent 116 (45.8)

Present 137 (54.2)

Venous invasion

Absent 210 (83.0)

Present 43 (17.0)

TTD (cm) 

≤8 141 (55.7)

>8 112 (44.3)

Membrane invasion 

Absent 166 (65.6)

Present 87 (34.4)

Tumor-node score

1 112 (44.3)

>1 141 (55.7)

Table 1 (continued)

Table 1 (continued)

Variables N (%)

MELD score

≤15 199 (78.7)

>15 54 (21.3)

Child-Pugh score

≤6 100 (39.5)

7–9 100 (39.5)

>9 53 (20.9)

TNM staging

1 67 (26.5)

2 33 (13.0)

3 98 (38.7)

4-6 55 (21.7)

Histopathologic grading

Grade I 4 (1.6)

Grade II 237 (93.7)

Grade III 12 (4.7)

Fit Milan criteria

No 157 (62.1)

Yes 96 (37.9)

Fit Hangzhou criteria

No 47 (18.6)

Yes 206 (81.4)

Fit Malatya criteria

No 114 (45.1)

Yes 139 (54.9)

Fit UCSF criteria

No 138 (54.5)

Yes 115 (45.5)

Survival

No 112 (44.3)

Yes 141 (55.7)

Recurrence

No 166 (65.6)

Yes 87 (34.4)

GGT, gamma-glutamyl transpeptidase; AST, aspartate 
aminotransferase; AFP, serum alpha fetoprotein; ALT, alanine 
aminotransferase; HBV, hepatitis B virus; TTD, total tumor 
diameter; MELD, Model for End-Stage Liver Disease; UCSF, 
University of California at San Francisco.



Translational Gastroenterology and Hepatology, 2024 Page 5 of 14

© AME Publishing Company. Transl Gastroenterol Hepatol 2024;9:63 | https://dx.doi.org/10.21037/tgh-24-40

Among them, 112 (44.3%) patients died, and 87 (34.4%) 
patients experienced tumor recurrence. The median survival 
time was 49.00 months. After LT, these patients had 1-, 
3-, 5- and 7-year OS rates of 82%, 60%, 56%, and 54%, 
respectively. Their corresponding TFS rates were 70%, 
57%, 54%, and 53% respectively. 

Cutoff values of pre-LT serum GGT, AST, ALT and AFP 
levels

The analysis of the ROC curve revealed that the optimal 

cutoff values of serum GGT, AST, ALT and AFP levels were 
80 IU/L (AUC =0.739, P<0.001), 47 IU/L (AUC =0.658, 
P<0.001), 30 IU/L (AUC =0.599, P=0.007), and 200 ng/mL 
(AUC =0.644, P<0.001), respectively (Figure 2). According 
to the best intercept, the above indicators were converted 
into dichotomous variables, further stratified analysis.

Relationship of pre-LT serum GGT, AST and ALT with 
clinicopathologic features

The level of serum GGT was significantly associated with 
total tumor diameter (TTD) (≤8 vs. >8 cm) (P<0.001), 
tumor number (≤1 vs. >1) (P<0.001), venous invasion 
(P<0.001), microsatellite lesions (P<0.001), membrane 
invasion (P<0.001), TNM staging (P<0.001), Model 
for End-Stage Liver Disease (MELD) score (P=0.007) 
and HBV DNA (P=0.006). The level of serum AST was 
significantly associated with TTD (≤8 vs. >8 cm) (P<0.001), 
tumor number (≤1 vs. >1) (P=0.001), venous invasion 
(P<0.001), microsatellite lesions (P=0.01), membrane 
invasion (P<0.001), TNM staging (P<0.001), MELD 
score (P<0.001) and HBV DNA (P=0.001). The level of 
serum ALT was significantly associated with TTD (≤8 
vs. >8 cm) (P<0.001), tumor number (≤1 vs. >1) (P=0.01), 
venous invasion (P<0.001), microsatellite lesions (P=0.03), 
membrane invasion (P<0.001), TNM staging (P<0.001), 
MELD score (P<0.001), HBV DNA (P=0.002).

Univariate analysis of the risk factors for OS and TFS 
survival

The pre-LT factors that significantly affect post-LT poor 
OS were preoperative serum AFP >200 ng/mL (P<0.001), 

Patients of HCC after LT

(N=255)

N=1 N=254

N=1 N=253

Patients lost to follow-up

Death due to non-tumor diseases within 1 month after LT

Yes

Yes

No

No

Figure 1 The patient selection process. HCC, hepatocellular carcinoma; LT, liver transplantation. 
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GGT >80 IU/L (P<0.001), AST >47 IU/L (P<0.001), ALT 
>30 IU/L (P=0.002), tumor number >1 (P<0.001), TTD 
>8 cm (P<0.001), venous invasion (P<0.001), microsatellite 
lesions (P<0.001), and TNM staging (P<0.001). The 
significant factors affecting poor post-LT TFS were serum 
AFP >200 ng/mL (P<0.001), GGT >80 IU/L (P<0.001), 
AST >47 IU/L (P<0.001), ALT >30 IU/L (P=0.01), tumor 
number >1 (P<0.001), TTD >8 cm (P<0.001), venous 
invasion (P<0.001), microsatellite lesions (P<0.001) and 
TNM staging (P<0.001). The 1-, 3-, 5-, and 7-year OS and 
TFS rates of these indices are shown in Table 2.

Multivariate analysis of the independent risk factors for 
OS and TFS survival

Mult ivar ia te  ana lys i s  inc luded venous  invas ion , 
microsatellite lesions, TNM staging, tumor number, TTD, 
AFP level, GGT level, AST level, and ALT level were 
included. Independent predictors of poor survival after 
LT were AFP >200 ng/mL [hazarad ratio (HR) =1.912, 

P=0.005], GGT >80 IU/L (HR =1.544, P=0.02), TTD  
>8 cm (HR =2.116, P=0.001) and microsatellite lesions 
(HR =2.432, P<0.001) (Table 3). Independent predictors of 
TFS after LT were AFP >200 ng/mL (HR =1.768, P=0.01), 
GGT >80 IU/L  (HR =1.742, P=0.004), TTD >8 cm (HR 
=1.924, P=0.003) and microsatellite lesions (HR =2.684, 
P<0.001) (Table 4).

The predictive value of serum AFP combined with GGT 

Analysis of preoperative serum AFP in combination with 
GGT showed that patients with AFP ≤200 ng/mL and 
GGT ≤80 IU/L (103 patients) had higher OS and TFS 
rates at 5 years postoperatively than those with only AFP  
≤200 ng/mL (169 patients) or AFP ≤200 ng/mL and GGT 
>80 IU/L (66 patients) (Figure 3A,3B, both P<0.05); OS and 
TFS rates at 5 years after surgery were higher in patients 
with AFP >200 ng/mL and GGT ≤80 IU/L (30 patients) 
than in patients with AFP >200 ng/mL and GGT >80 IU/L 
(54 patients) (Figure 3C,3D, both P<0.05).

Table 2 Univariate analysis of overall survival and tumor recurrence-free survival risk factors

Variables
Overall survival (%) Tumor recurrence-free survival (%)

1-year 3-year 5-year 7-year P value 1-year 3-year 5-year 7-year P value

Gender 0.80 0.47

Male 83 60 56 54 69 56 53 50

Female 79 60 60 60 73 61 60 60

Age (years) 0.58 0.38

≤60 82 59 55 53 71 57 54 50

>60 82 67 61 61 73 65 61 55

AFP (ng/mL) <0.001* <0.001*

≤200 90 68 63 61 80 66 61 60

>200 67 44 41 41 50 39 39 34

AST (IU/L) <0.001* <0.001*

≤47 88 72 67 65 81 69 64 60

>47 72 41 38 38 53 37 37 37

ALT (IU/L) 0.002* 0.01*

≤30 87 70 67 63 81 66 62 55

>30 78 53 48 48 59 49 47 47

Table 2 (continued)
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Table 2 (continued)

Variables
Overall survival (%) Tumor recurrence-free survival (%)

1-year 3-year 5-year 7-year P value 1-year 3-year 5-year 7-year P value

GGT (IU/L) <0.001* <0.001*

≤80 89 77 74 71 84 75 71 65

>80 74 40 35 35 54 37 35 35

Tumor number <0.001* <0.001*

1 94 80 78 76 91 80 77 71

>1 73 45 39 38 55 41 37 35

TTD (cm) <0.001*  <0.001*

≤8 89 77 76 74 83 74 72 67

>8 74 39 32 31 53 35 31 30

Venous invasion <0.001* <0.001*

Absent 85 65 62 60 75 65 61 56

Present 70 40 30 30 53 28 26 26

Microsatellite lesions <0.001* <0.001*

No 92 78 78 76 87 79 76 74  

Yes 74 45 39 37 58 41 37 32

TNM staging <0.001* <0.001*

1 93 84 82 78 88 83 78 78

2 85 73 73 73 78 72 72 62

3 85 56 52 50 69 52 47 47

4–6 64 33 24 24 41 24 24 18

Child-Pugh score 0.52 0.48

≤6 86 62 58 58 79 60 58 51

7–9 83 61 58 54 69 59 54 52

>9 74 57 51 51 60 55 51 51

MELD score 0.40 0.65

≤15 84 61 57 56 71 57 54 51

>15 74 57 53 50 64 54 51 50

Histopathologic grading 0.22 0.25

Grade I 100 100 100 100 100 100 100 100

Grade II 81 59 56 54 70 56 52 50

Grade III 67 58 58 58 66 58 58 58

*, statistically significant. AFP, serum alpha fetoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; GGT, gamma-
glutamyl transpeptidase; TTD, total tumor diameter; MELD, Model for End-Stage Liver Disease.
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Table 3 Multivariate proportional hazard model for overall survival after liver transplantation in 253 patients with hepatocellular carcinoma

Variables B SE Wald P HR (95% CI)

Satellite, no vs. yes 0.889 0.231 14.834 <0.001* 2.432 (1.547–3.822)

GGT level, ≤80 vs. >80 IU/L 0.434 0.195 4.973 0.02* 1.544 (1.054–2.262)

AFP level, ≤200 vs. >200 ng/mL 0.648 0.231 7.873 0.005* 1.912 (1.216–3.007)

TTD, ≤8 vs. >8 cm 0.750 0.235 10.219 0.001* 2.116 (1.336–3.351)

*, statistically significant. SE, standard error; HR, hazard ratio; CI, confidence interval; GGT, gamma-glutamyl transpeptidase; AFP, serum 
alpha fetoprotein; TTD, total tumor diameter.

Table 4 Multivariate proportional hazard model for tumor recurrence-free survival after liver transplantation in 253 patients with hepatocellular 
carcinoma

Variables B SE Wald P HR (95% CI)

Satellite, no vs. yes 0.987 0.226 19.127 <0.001* 2.684 (1.724–4.178)

GGT level, ≤80 vs. >80 IU/L 0.555 0.190 8.520 0.004* 1.742 (1.200–2.529)

AFP level, ≤200 vs. >200 ng/mL 0.570 0.221 6.659 0.01* 1.768 (1.147–2.725)

TTD, ≤8 vs. >8 cm 0.655 0.224 8.565 0.003* 1.924 (1.241–2.983)

*, statistically significant. SE, standard error; HR, hazard ratio; CI, confidence interval; GGT, gamma-glutamyl transpeptidase; AFP, serum 
alpha fetoprotein; TTD, total tumor diameter.
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Nomogram model of patients after LT for HCC beyond the 
Milan criteria 

For the candidates who exceed Milan criteria, we construct 
a nomogram for low-grade endometrial stromal sarcoma 
(LG-ESS) according to AFP, GGT, and TTD. Through the 
nomogram model, we can obtain when AFP ≤200 ng/mL 
and GGT ≤80 IU/L or AFP >200 ng/mL, GGT ≤80 IU/L  
and TTD ≤8 cm, patients of HCC after LT beyond the 
Milan criteria had better OS and TFS rates (Figure 4). The 
1-year OS rates of HCC patients after LT are between 70% 
and 90%, and the 1-year TFS rates are more excellent than 
70%. The OS and TFS rates of 3-, 5- and 7-year in HCC 
patients after LT are between 50% and 70%.

Proposal of the Milan-AFP-GGT-TTD (M-AGT) criteria

Then, we based on Milan criteria and these independent 
risk factors beyond Milan criteria, TTD and serological 
indexes (AFP and GGT), proposed the M-AGT criteria: (I) 
patients met Milan criteria; (II) patients beyond the Milan 
criteria met (i) AFP ≤200 ng/mL and GGT ≤80 IU/L, or (ii) 
AFP >200 ng/mL, GGT ≤80 IU/L and TTD ≤8 cm. 

The analysis showed that for patients who fit the M-AGT 
criteria (n=151), the 1-, 3-, 5- and 7-year OS and TFS rates 
were 92%, 77%, 74%, 71% and 85%, 74%, 71%, 66%, 

respectively, which were significantly higher than those who 
were unfit for the current criteria (all P<0.001) (Figure 5). 
For patients who fit the Milan criteria (n=96), the 1-, 3-, 5- 
and 7-year OS and TFS rates were 93%, 83%, 82%, 80% 
and 90%, 83%, 79%, 72%, respectively (Table 5). The OS 
and TFS rates of patients who fit the M-AGT criteria were 
not significantly different from those who fit the Milan 
criteria (all P>0.05, Table 5).

The predictive value of M-AGT criteria as the Milan 
criteria expanded

Among 253 HCC patients, the OS and TFS rates of patients 
who fit M-AGT criteria are not different from those of 
Milan, Hangzhou, Malatya and UCSF criteria (Table 5). The 
results of the ROC curve analysis showed that the AUC 
values of the OS and TFS rates of patients who fit the 
M-AGT were 0.705 and 0.691, which were significantly 
different from Hangzhou criteria (0.624 and 0.612, all 
P=0.01) and not substantially different from Milan criteria 
(0.703 and 0.699, all P>0.05), Malatya criteria (0.691 and 
0.686, all P>0.05) and UCSF criteria (0.735 and 0.735, all 
P>0.05) (Figure 6). 

Furthermore, the patients who did not meet the Milan 
criteria (n=157), 35% patients fit the M-AGT criteria, and 

Figure 4 Nomogram model of patients after LT for HCC beyond the Milan criteria. LT, liver transplantation; HCC, hepatocellular 
carcinoma; AFP, serum alpha fetoprotein; GGT, gamma-glutamyl transpeptidase; TTD, total tumor diameter.
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Figure 5 Cumulative overall survival curves (A) and tumor recurrence-free survival curves (B) of patients classified in M-AGT criteria. 
M-AGT, Milan-AFP-GGT-TTD.

Table 5 Comparison of overall survival and recurrence-free survival rates of different liver transplant criteria in HCC patients 

LT criteria N
Overall survival (%) Tumor recurrence-free survival (%)

1-year 3-year 5-year 7-year P value 1-year 3-year 5-year 7-year P value

M-AGT 151 92 77 74 71 – 85 74 71 66 –

Milan 96 93 83 82 80 0.16 90 83 79 72 0.15

Hangzhou 206 88 68 65 62 0.06 79 66 61 58 0.07

UCSF 115 92 82 80 79 0.22 89 81 78 73 0.13

Malatya 139 91 76 73 70 0.77 84 74 71 65 0.93

LT, liver transplant; M-AGT, Milan-AFP-GGT-TTD; UCSF, University of California at San Francisco.

Figure 6 ROC curves for the overall survival and recurrence-free survival rates of different criteria after liver transplantation. ROC, receiver 
operating characteristic; M-AGT, Milan-AFP-GGT-TTD; UCSF, University of California at San Francisco.
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the 1-, 3-, 5- and 7-year OS and TFS rates were 87%, 65%, 
61%, 56% and 74%, 60%, 56%, 56%, respectively. There 
was no significant difference in OS and TFS rates between 
patients who did not meet Milan criteria but met M-AGT 
criteria and those who met the Hangzhou, Malatya and 
UCSF criteria (all P>0.05). 

Discussion

Morphological characteristics of tumor, such as tumor 
size and number of nodules, are insufficient to indicate 
the biologic features of HCC (28). In recent years, many 
extended LT criteria include tumor biomarkers (for 
example, AFP) in the selection criteria and are not limited 
to tumor size and number (15,29). The practitioner found 
that AFP still had some false positive or false negative rates 
in HCC patients (24). Therefore, we need to find other 
serological markers to compensate for the deficiency of AFP. 
This study found that preoperative serum GGT combined 
with AFP could effectively predict the long-term prognosis 
of HCC after LT. The proposed M-AGT criteria can help 
to screen suitable HCC patients before LT. The nomogram 
model improves the credibility of M-AGT criteria, but has 
not been used in the previous LT criteria.

GGT is a key enzyme that catalyzes the transpeptidation 
and hydrolysis of the glutamyl group of glutathione, and 
its expression level in HCC is abnormally high (30). GGT 
may play an important role in HCC progression and 
poor prognosis through various signaling pathways and 
mechanisms (31), which gives GGT increasing attention. 
Our study found that GGT was closely related to the TTD, 
tumor number, venous invasion, microsatellite lesions, 
membrane invasion, and TNM stage in HCC patients (both 
P<0.05), which was consistent with the research results of 
Zhang et al. (32) and Fu et al. (33). We believe that GGT 
may be a molecular marker that can reflect the biological 
characteristics of HCC. Further studies showed that GGT 
was an independent risk factor for long-term OS and 
TFS rates after LT for HCC, consistent with the results 
of studies by Fu et al. (33) and Ince et al. (16). Our results 
further confirmed the predictive value of preoperative 
serum GGT level in HCC patients who underwent LT. 
In addition, our study found the 5-year OS rate of HCC 
patients after LT with serum GGT ≤80 IU/L reached 
74%, and the 5-year TFS rate reached 71%. Therefore, 
we speculate that GGT has the potential as a serological 
marker to predict the long-term prognosis of LT in HCC.

AFP is the most commonly used prognostic marker 

in the treatment decision-making of HCC patients, and 
has been included in many LT criteria (15,21,34). But the 
cutoff value of AFP was different in different LT criteria, 
such as in the Hangzhou criteria, AFP is 400 ng/mL (15), 
and two levels of 100 ng/mL and 1,000 ng/mL are set 
in the AFP model (34). In this study, AFP ≤200 ng/mL 
was an excellent independent predictor for HCC patient 
survival after LT, consistent with the results of the Malatya 
criteria (21). However, it is reported that the AFP level will 
increase when patients experience some gastrointestinal 
tumors, even during pregnancy (24). Therefore, we further 
considered AFP combined with the serological marker 
GGT to complement the limitations of false positive 
rate AFP. Our study found that the OS and TFS rates of 
patients after LT in HCC with AFP ≤200 ng/mL and GGT  
≤80 IU/L were significantly better than those with 
only AFP ≤200 ng/mL or AFP ≤200 ng/mL and GGT  
>80 IU/L (P<0.05). The overall OS and TFS rates of 
patients after LT in HCC with AFP >200 ng/mL and GGT 
≤80 IU/L were significantly better than those with AFP 
>200 ng/mL and GGT >80 IU/L. Therefore, we believe 
that the level of serum AFP combined with GGT can better 
predict the long-term prognosis of HCC after LT.

Of course, the preoperative tumor size cannot be ignored 
in HCC after LT patients. In this study, TTD >8 cm 
was an independent risk factor affecting the OS and TFS 
rates of HCC after LT. It has been confirmed in previous 
studies and used in the expanded criteria for LT (8). As we 
all know, the HCC patients who meet Milan criteria have 
a good 5-year survival rate (35). However, only 37.9% of 
patients met the Milan criteria in this study, and almost 
62.1% of patients exceeded the Milan criteria. Therefore, 
we developed a nomogram model with AFP, GGT and 
TTD to predict the prognosis of HCC patients who 
exceeded Milan criteria, which was not used in previous 
LT criteria. The nomogram model showed that when AFP  
≤200 ng/mL and GGT ≤80 IU/L or AFP >200 ng/mL, 
GGT ≤80 IU/L and TTD ≤8 cm, the survival rate of 
patients with HCC exceeding Milan criteria after LT was 
better, and the 7-year OS and TFS rates are over 50%. 
Based on Milan criteria and predictive factors TTD, AFP 
and GGT, we proposed the M-AGT criteria.

Among patients who exceeded the Milan criteria, 
more than 35% (55 of 157) met the M-AGT criteria were 
allowed to receive LT and achieved favorable long-term 
survival. Our research shows that the post-LT survival of 
HCC patients who fit M-AGT criteria was not significantly 
different from that of patients who fit the Milan criteria. 
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It indicates the population of HCC patients who fit the 
M-AGT criteria would benefit from LT was larger than that 
of the Milan criteria. Therefore, the author believes that 
M-AGT criteria are helpful to supplement Milan criteria 
and may benefit more HCC patients from LT. 

The Hangzhou and Malatya criteria are expanded 
criteria for HCC after LT, including molecular marker. 
Due to Hangzhou criteria has no restrictions on TTD, it 
includes more candidates than M-AGT criteria. However, 
the AUC of both OS and TFS rates who met the M-AGT 
criteria was significantly better than the patients who met 
the Hangzhou criteria. M-AGT criteria does not require 
liver biopsy to obtain tumor histological grade of tumors, 
which reduces the potential risk of needle tract seeding and 
hematogenous dissemination and simpler and easier. The 
Malatya criteria also include indicators such as AFP, GGT 
and TTD, which further proves the reliability of M-AGT 
criteria. The difference between Malatya and M-AGT 
criteria is that the cutoff values for GGT and TTD are 
different, and the Malatya criteria also includes the degree 
of tumor differentiation. Our study found no difference in 
OS and TFS between the Malatya and M-AGT criteria, 
but the M-AGT criteria have more beneficiaries and avoid 
defects in pathological biopsy. UCSF criteria is a commonly 
used expanded criteria for HCC after LT, and it also takes 
TTD =8 cm as the critical value (8). In our study, there 
was no statistical difference in OS and TFS rates between 
patients who met M-AGT criteria and UCSF criteria. 
However, the M-AGT criteria included more candidates 
than the UCSF criteria, and the AUC of both OS and TFS 
rates was higher. The above shows that the M-AGT criteria 
have good predictive power.

This study has several limitations. This is a retrospective 
study design and single-center experience with a small 
sample size. There may be unrecognized selection bias 
could have influenced the outcomes analysis. Our selection 
criteria in the study need to be independently verified, 
which should be further confirmed by multicenter and 
prospective study. Therefore, we used various methods, 
such as Nomogram model and Multivariate analysis, to 
clarify the important prognosis value of the predictive 
factors in the M-AGT criteria for LT among HCC patients.

Conclusions

In summary, the results of this study show that GGT 
has the potential as a serological marker to predict the 
prognosis of LT in HCC. M-AGT criteria could effectively 

predict the long-term survival rate after LT in HCC, and 
can be used as a supplementary criteria of Milan criteria. 
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