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Abstract
BACKGROUND 
There is increasing interest in transplanting patients with hepatocellular 
carcinoma (HCC) with tumors greater than 5 cm (Milan criteria).

AIM 
To investigate possible prognostically-useful factors for liver transplantation in 
HCC patients with large tumors.

METHODS 
In this clinical study, 50 patients with HCC who were transplanted at our Liver 
Transplant Center between April 2006 and August 2019 and had tumors greater 
than 6 cm maximum diameter were retrospectively analyzed. Their survival and 
full clinical characteristics were examined, with respect to serum alpha-
fetoprotein (AFP) and gamma glutamyl transpeptidase (GGT) levels. Kaplan-
Meier survival estimates were used to determine overall survival and disease-free 
survival in these patients. The inclusion criterion was evidence of HCC. Exclusion 
criteria were the presence of macroscopic portal vein thrombosis or metastasis 
and a follow-up period of less than 90 d.

RESULTS 
Using receiver operating characteristic curve (ROC) analysis, cutoff values of AFP 
200 ng/mL and GGT 104 IU/L were identified and used in this study. 
Significantly longer overall survival (OS) and disease-free-survival (DFS) were 
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found in patients who had lower values of either parameter, compared with 
higher values.  Even greater differences in survival were found when the 2 
parameters were combined. Two tumor size bands were identified, in searching 
for the limits of this approach with larger tumors, namely 6-10 cm and > 10 cm. 
Combination parameters in the 6-10 cm band reflected 5-year OS of 76.2% in 
patients with low AFP plus low GGT vs 0% for all other groups. Patients with 
tumors greater than 10 cm, did not have low AFP plus low GGT. The most 
consistent clinical correlates for longer survival were degree of tumor 
differentiation and absence of microscopic portal venous invasion.

CONCLUSION 
Serum levels of AFP and GGT, both alone and combined, represent a simple 
prognostic identifier in patients with large HCCs undergoing liver transplant-
ation.

Key Words: Hepatic malignancy; Advanced; Gamma glutamyl transpeptidase; Living 
donor; Beyond; Extended
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Core Tip: Excellent long-term survival was found after liver transplantation in patients 
with hepatocellular carcinoma with a maximum tumor diameter greater than 6 cm and 
less than 10 cm, in whom serum alpha-fetoprotein was lower than 200 ng/mL and 
gamma glutamyl transpeptidase was lower than 104 IU/L.
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INTRODUCTION
Rationale
The Milan criteria are still the most widely used criteria for liver transplantation in 
hepatocellular carcinoma (HCC). More recently, similar survival results to those with 
the Milan criteria were obtained following liver transplantation in patients with 
tumors exceeding the Milan criteria, and the need to expand the criteria has emerged. 
However, the degree of expansion that is compatible with prolonged survival is still a 
matter of debate.

Alpha-fetoprotein and gamma glutamyl transpeptidase as biomarkers for HCC
Alpha-fetoprotein (AFP) was initially reported as a cancer-related oncofetal antigen 
(fetal albumin) in several tumor types[1,2], but it has become an especially useful tool in 
evaluating and following treatment responses in patients with HCC. However, there is 
no general agreement on its usefulness as a surveillance tool, partly because it is not 
elevated in a significant proportion of patients with small HCCs[3]. Conversely, large 
HCCs can also be associated with low AFP values[4]. Furthermore, patients with 
unresectable HCC without elevated AFP levels, represent a variable but large patient 
subset, in the range of 30%-50%[5,6]. Nevertheless, AFP values have also been shown to 
be an important prognosticator in liver transplantation for HCC and have been 
included as a selection criterion in several recent reports[7-9]. Gamma glutamyl 
transpeptidase (GGT) has been found to be a useful marker for HCC, especially for 
small tumors or for those HCC patients with low AFP levels[4,5,10-12]. There is also a 
hepatoma-specific isozyme, GGT-II[10-13].

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/1948-9366/full/v12/i12/520.htm
https://dx.doi.org/10.4240/wjgs.v12.i12.520


Ince V et al.  GGT and AFP in advanced HCC

WJGS https://www.wjgnet.com 522 December 27, 2020 Volume 12 Issue 12

Grade D (Fair): 0 
Grade E (Poor): 0

Received: July 24, 2020 
Peer-review started: July 24, 2020 
First decision: October 21, 2020 
Revised: November 3, 2020 
Accepted: November 13, 2020 
Article in press: November 13, 2020 
Published online: December 27, 
2020

P-Reviewer: Ji G, Zheng H 
S-Editor: Gao CC 
L-Editor: Webster JR 
P-Editor: Li JH

Malatya criteria for liver transplantation in HCC
We previously published the “Malatya criteria” as an expansion of the Milan criteria 
for liver transplantation in patients with HCC[14]. The Malatya criteria consist of HCCs 
with a maximum dominant tumor diameter (MTD) ≤ 6 cm, AFP ≤ 200 ng/mL, GGT ≤ 
104 IU/L, and well/moderate tumor differentiation. We showed that there were still 
patients with long-term survival in the group who were even beyond the Malatya 
criteria, including HCCs with a MTD larger than 6 cm.

Objectives
In the current study, we focused on patients with HCCs larger than 6 cm who were 
beyond the Malatya criteria and studied the usefulness of serum AFP and GGT levels, 
both alone and in combination, with respect to survival after liver transplantation.

MATERIALS AND METHODS
Patients
This analysis involved 50 patients with HCC who were transplanted by live donation 
at our Liver Transplant Center between April 2006 and August 2019 and who had both 
survival data, baseline AFP and GGT laboratory data and a baseline MTD > 6 cm. As 
our practice concerns only live donor transplantation, we have no waiting list dropout.

Study design
Prospectively recorded data were analyzed retrospectively. Patients who had HCC on 
explanted liver pathology and survived more than 90 d post-transplant were included 
in this study. Patients with macroscopic portal vein invasion and metastases were 
excluded. We previously found, by multivariate analysis of a large HCC cohort, that 
an MTD of 6 cm had a high and significant Hazard Ratio for survival[14]. Therefore we 
chose patients with a MTD greater than 6 cm (n = 50) for this study, as we previously 
found[14] that transplanting patients with HCCs up to 6 cm resulted in similar survival 
to the Milan criteria[14], as has been shown by others[15]. This study was approved by 
Inonu University Institutional Review Board (Approval No. 2018/1-9) and registered 
in ClinicalTrials.gov (ID: NCT04412161).

Post-transplant follow up and management
Management was the same as in our previous study[14]. Standard triple 
immunosuppression (steroid, mycophenolate mofetil and tacrolimus) were 
administered for the first month, then mammalian target of rapamycin inhibitor 
(everolimus) was combined with low dose tacrolimus for maintenance 
immunosuppression. None of the 50 patients received adjuvant HCC therapy after 
transplantation, unless their tumor recurred. In patients with recurrence, resectability 
was assessed and systemic sorafenib therapy was administered.

Statistical analysis
The clinical parameters and tumor characteristics of the 50 patients were analyzed 
according to the AFP cutoff 200 ng/mL and GGT cutoff 104 IU/L, as we previously 
found on multivariate analysis that an AFP cutoff of 200 ng/mL and a GGT cutoff of 
104 IU/L were highly statistically significant for survival[14]. Categorical (qualitative) 
variables were expressed as count and percentage. Comparisons of groups were made 
by Pearson chi-square test, continuity corrected chi-square test and Fisher's exact tests 
for categorical variables. Categorized variables were compared using univariate 
analysis methods (Pearson chi-square test, continuity corrected chi-square test, Fisher's 
exact test). Continuous variables were compared using the Mann-Whitney U test. 
Kaplan-Meier survival estimate was used to determine overall survival (OS) and 
disease-free survival (DFS) of the patients. The follow-up period was defined as the 
interval between liver transplantation and the date of the last outpatient department 
visit for living patients or the date of death. Time to disease recurrence was defined as 
the interval between liver transplantation and the date a lesion that appeared to be a 
tumor was detected by biochemical (AFP) and radiological examination and/or a 
lesion diagnosed as HCC.

Statistical tests were considered significant when the corresponding P value was 
less than 5%. All statistical analyses were performed using IBM SPSS Statistics for 
Windows version 25.0 (New York, United States).
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RESULTS
The demographics of all 50 patients are shown in Table 1 and 2. The 1-, 3- and 5-year 
OS and DFS of these advanced HCC patients were 70.4%, 42.1% and 28% vs 62.4%, 
33.4% and 28%, respectively (Figure 1A). None of the 50 patients received adjuvant 
HCC therapy after transplantation, unless their tumor recurred. The post-transplant 
recurrence rate was 46% (n = 23). None of the patients with post-transplant recurrences 
were suitable for further surgery, and all of these patients received systemic HCC 
therapy. We previously found that both AFP and GGT serum levels were significantly 
associated with survival post-liver transplant in a large cohort[14]. In this analysis, we 
expanded on that analysis, to determine if this approach could yield useful prognostic 
information in patients with large tumors. We initially examined the effect of these 2 
parameters when used singly, to the total cohort (n = 50 for AFP values, n = 48 for 
GGT values) of large HCCs > 6.0 cm. Figure 1B shows the results of examining this 
cohort according to AFP levels. We found that when AFP was dichotomized according 
to greater than or less than 200 ng/mL, 2 statistically different survival curves were 
found [preliminary data with a variety of cutoffs found that this AFP level provided 
optimal separation between the 2 survival groups, using receiver operating 
characteristic curve (ROC) analysis].  The 1-, 3- and 5-year OS was found to be 76.8%, 
54.2% and 39.4% for the lower AFP cohort and 53.8%, 11.5% and 0% for the higher 
AFP cohort, P = 0.009 (see box, Figure 1B). Similar results were found when the same 
approach was used for DFS (Figure 1B). Survival was then examined according to 
serum GGT levels (using a cutoff of 104 IU/L according to the ROC). We also found a 
statistically significant difference between the 2 GGT groups, with a 1-, 3- and 5-year 
OS of 83.9%, 56% and 56%, respectively, for the lower GGT group and 59.4%, 33.4% 
and 0%, respectively, for the higher GGT group, P = 0.007 (see box, Figure 1C). 
Similarly, DFS was also found to be significantly different between the 2 GGT groups. 
In order to explain these survival differences, we compared the main clinical 
parameters of the 2 sets of AFP groups (n = 50) and the 2 sets of GGT groups (n = 48), 
examining mainly liver function and tumor characteristics (Table 3). We found that 
AFP levels were lower in the low GGT group, compared to the high GGT group, 
possibly reflecting differences in tumor aggressiveness, as expected. However, the 
converse was not true, as the low and high AFP groups showed non-significant 
changes in GGT values. Similarly, the percent of well differentiated tumors was 55% in 
the low and 15% in the high GGT group, P = 0.011. Microvascular invasion was also 
significantly different between the 2 GGT groups, being 55% in the low GGT group vs 
82% in the high GGT group, P = 0.04. When we compared the 2 AFP groups, we found 
that neither tumor differentiation nor microvascular invasion were significantly 
different between the 2 AFP groups (Table 3). Serum AST and total bilirubin levels 
were similar across all groups.

We next examined whether combinations of the 2 markers, AFP and GGT, might 
identify subsets or result in better survival discrimination. We found that the 
combination of low AFP plus low GGT levels (low AFP/GGT) was associated with the 
best survival, with 1-, 3- and 5-year OS being 85.7%, 76.2% and 76.2%, respectively 
(Figure 2A, left). By contrast, all the other 3 combinations (high AFP plus low GGT, 
low AFP plus high GGT, high AFP plus high GGT) were similar to each other and all 
had poor survival (none of them had 5-year OS, see box, Figure 2A, left). Similar 
differences between the 4 groups were found for DFS (Figure 2A, right). As a result of 
these findings, the rest of the analysis was performed by comparing the low AFP/GGT 
group with all the other 3 groups combined. Taking this approach, we found similar 
large and statistically significant survival differences. The 1-, 3- and 5-year OS for the 
low AFP/GGT group was 85.7%, 76.2% and 76.2%, respectively, vs 62.6%, 29.5% and 
0%, respectively, for the other groups combined, P = 0.002 (Figure 2B, left) and DFS 
differences (Figure 2B, right). The clinical characteristics of the 2 combination 
parameter groups were then examined (Table 4). The main differences found were in 
the percent of poorly differentiated tumors, 14% for the low AFP/GGT group vs 24% 
for the combination high parameter groups, P = 0.020, and in the percent of 
microvascular invasion, being 50% in the low AFP/GGT group vs 79% in the 
combination high parameter groups, P = 0.04.

We then examined whether we could identify an upper limit of tumor size that was 
associated with prolonged post-transplant survival. The total cohort was divided into 
MTD groups of 6 < MTD ≤ 10 cm and greater than 10 cm. We then dichotomized each 
MTD band according to low AFP/GGT parameters vs all 3 others combined, as in 
Figure 3. We found a large survival difference between the low AFP/GGT group vs 
the other parameter groups, for the 6 < MTD ≤ 10 cm MTD band. The 1-, 3- and 5-year 
OS was 85.7%, 76.2% and 76.2%, respectively, P = 0.002 (Figure 3A). Finally, we 
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Table 1 Demographics of 50 patients with maximum dominant tumor diameter > 6 cm

 Parameter Median Min-Max

Age (yr) 56 8-72

MELD score 10 6-28

AFP (ng/mL) 24.5 0.8-12863

Platelets (103/uL) 112 16-528

NLR 2.75 0.3-13.3

PLR 97.1 25.7-302.9

Albumin (g/dL) 3 1.9-4.2

Total bilirubin (mg/dL) 1.58 0.23-13.9

GGT (IU/L) 111.5 17-1396

AST (IU/L) 76.5 19-566

ALT (IU/L) 50 10-657

MTD (cm) 8.5 6.4-24

Number of nodules 2 1-20

AFP: Alpha-fetoprotein; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; GGT: Gamma glutamyl transpeptidase; AST: Aspartate 
aminotransferase; ALT: Alanine aminotransferase; MTD: Maximum dominant tumor diameter.

examined the > 10 cm MTD group. We did not find patients with MTD > 10 cm who 
also had low serum AFP plus low serum GGT levels. However, there were 11 patients 
in the other combination parameter group and their 1, 3 and 5-year OS was 55.6%, 
22.2% and 0%, respectively (Figure 3B).

DISCUSSION
Tumor size has always been an important aspect for liver transplant selection in HCC 
patients. For many years, the Milan criteria using a maximum size of 5 cm has been the 
gold standard. More recently, several groups have proposed that equally good results 
(70% or more 5-year survival) could be obtained in patients with slightly larger 
tumors[15,16]. Indeed, one group (extended Toronto) claimed that there was no size 
limit[15]. We recently found that we can obtain equally good survival results to the 
Milan criteria, but in patients with a tumor diameter up to 6 cm[14]. In the current 
analysis of patients with HCCs larger than 6 cm, we analyzed factors that we 
considered might be prognostically important and focused on the 2 HCC tumor 
markers, serum AFP and GGT levels.

Our main findings were that serum AFP or GGT levels alone, were significantly 
associated with survival (Figure 1B and C), likely due to their relationship to tumor 
differentiation or microscopic invasion (Table 3). We obtained AFP values in all 50 
patients and GGT values in 48 of these patients. We then combined any and all of the 4 
possible 2-parameter combinations (AFP-/GGT-, AFP+/GGT+, AFP-/GGT+, 
AFP+/GGT-). We found that patients with AFP-/GGT- (low AFP/GGT) tumors 
survived significantly longer than any of the other 2-parameter combinations, and 
these other combination groups showed similar survival rates. We therefore combined 
all 3 of the 2-parameter combination groups with poor survival (not the AFP-/GGT- 
group). On comparing low AFP/GGT (AFP-/GGT-) with the 3 other groups 
combined, a significant separation of the survival curves was obtained (Figure 2B). 
Both GGT alone, as well as the AFP/GGT combinations, both predicted microscopic 
invasion and tumor differentiation, unlike AFP alone (Table 3 and 4). We also 
investigated GGT and microscopic portal vein invasion (microPVT) in 270 liver 
transplant patients[17] and found a significant relationship between AFP levels and 
microPVT and an almost statistically significant relationship between high GGT levels 
and microPVT (P = 0.053). However, for survival in microPVT patients, GGT levels 
were statistically significant but not AFP levels. The association between survival and 
AFP levels is thus weak, but strong and significant for GGT levels.
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Table 2 Demographics of 50 patients with maximum dominant tumor diameter > 6 cm

Parameter n %

Gender, male 41 82

Child-Pugh score 

A 19 38

B 26 52

C 5 10

Etiology

Viral hepatitis 40 80

Cryptogenic 7 14

Fibrolamellar-HCC 1 2

Budd-Chiari 1 2

Ethanol 1 2

Differentiation

Well 16 32

Moderate 26 52

Poor 8 16

Microvascular invasion negative 15 30

Microvascular invasion positive 35 70

TACE/TARE/RFA (+) 8 16

HCC: Hepatocellular carcinoma; TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization; RFA: Radiofrequency ablation.

In this study, the AFP cutoff used was 200 ng/mL, as per our previous studies[14]. 
However, specifically in this study, we obtained the same results when we applied the 
AFP cutoff of 150 or 100 or 50 separately. Therefore, based on our previous studies, we 
used the 200 ng/mL AFP cutoff.

The other main finding related to our attempt to define the upper limits of tumor 
size that might benefit post-transplant prolonged survival was that patients in the 2-
parameter combination group of low AFP/GGT had improved survival compared 
with all other 2-parameter AFP/GGT combinations for HCCs in the tumor size band 
of 6-10 cm. However, in the > 10 cm band, there were no patients in the good 
prognosis low AFP/GGT (AFP-/GGT-) group. There is general agreement that patient 
prognosis worsens with increased tumor size, but the exact mechanisms are 
unexplained. Possibly there is an increase in the number of tumor cells undergoing 
vascular invasion per unit size of tumor, and thus larger tumors have a larger total 
number of invading HCC cells. Equally possible, however, is that beyond a certain 
small tumor size (as with tumor angiogenesis), there is a change in HCC biology with 
more aggressive characteristics, that would explain the higher mortality associated 
with larger tumors. However, the small sample size limited the availability of patients 
in all parameter combinations. In the HCC size band of 6-10 cm, a significant increase 
in survival was found in the good prognosis low GGT/AFP groups, P = 0.002 
(Figure 3A) compared to the other groups.

There are several outstanding questions concerning these results. Although AFP 
and GGT are well-described HCC biomarkers, they appear to reflect different HCC 
properties (Table 3). In this respect, GGT appeared to be a better discriminator of HCC 
aggressiveness. We combined AFP and GGT, but found only a small increase in 
predicted survival. Nevertheless, the Milan criteria have been the most useful 
guidelines for successful outcomes after liver transplant for HCC for 24 years. Recent 
similar success, but with larger tumors have been observed[15,17]. Another consideration 
is that 5 cm seemed to be a limitation for 70% 5-year survival, as in the Milan criteria. 
Do the tumors change with increasing size and if so, how? Or does 5 cm mark a 
watershed in HCC biology, with > 5 cm tumors exhibiting more aggressive features? A 
partial answer is that there is an increase in portal vein invasion and in AFP levels 
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Table 3 Clinical characteristics of 50 hepatocellular carcinoma patients, maximum dominant tumor diameter > 6 cm, according to 
serum gamma glutamyl transpeptidase or alpha-fetoprotein levels

Parameters Low GGT ≤ 104, n = 20, 
median (min-max)

High GGT > 104, n = 28, 
median (min-max)

P 
value

Low AFP ≤ 200, n = 36, 
median (min-max)

High AFP > 200, n = 14, 
median (min-max)

P 
value

AFP (ng/mL) 20.1 (0.8-6388) 45.7 (1.9-12863) 0.818

GGT (IU/L) 114 (17-1396) 106 (29-393) 0.862

AST (IU/L) 76.5 (19-566) 71 (25-313) 0.544 81 (19-566) 76 (28-245) 0.596

Total Bilirubin 
(mg/dl)

1.7 (0.23-13.9) 1.7 (0.38-13.9) 0.660 1.78 (0.23-13.9) 1.13 (0.38-11.7) 0.270

MTD (cm) 8.5 (6.5-22) 8.5 (6.4-24) 0.992 8.5 (6.4-24) 8.5 (6.5-22) 0.896

Microvascular 
invasion, n (%)

0.04a 0.360

Negative 9 (45) 5 (18) 11 (31) 4 (29)

Positive 11 (55) 23 (82) 25 (69) 10 (71)

Differentiation, n (%)

Well 11 (55) 4 (15) 0.011a 13 (36) 3 (21) 0.324

Moderate 7 (35) 18 (64) 19 (53) 7 (50)

Poor 2 (10) 6 (21) 4 (11) 4 (29)

Number of nodules

1 10 (50) 12 (43) 0.845 16 (44) 6 (43) 1.000

> 1 10 (50) 16 (57) 20 (56) 8 (57)

aP < 0.05.
AFP: Alpha-fetoprotein; GGT: Gamma glutamyl transpeptidase; AST: Aspartate aminotransferase; MTD: Maximum dominant tumor diameter.

with an increase in HCC size[18]. This may explain the high (70%) incidence of PVT 
positivity in these larger tumors, as shown in Table 1 and 2. We did not find a 
relationship between AFP levels and tumor differentiation, possibly because we were 
dealing with larger tumors, or because of the relatively small sample size. Our findings 
point to serum GGT levels as having both prognostic and tumor discrimination power. 
Why that should be so, is not yet clear. However, as an HCC biomarker[10-13], it likely 
reflects certain HCC aggressiveness properties, although an action in its own right 
cannot be excluded.

We have previously found that GGT values represent a useful discriminant for HCC 
tumor aggressiveness in a large percentage of untransplantable HCC patients who 
have low AFP values[19].

We also analyzed our current database in terms of OS according to this new model 
for internal validation and compared our new model with our previously defined 
Malatya criteria according to survival. According to this new model, 1-, 5- and 10-year 
OS were 89.7%, 77.6%, and 69.9%, respectively, and were similar to the Malatya 
criteria (1-, 5-, 10-year OS of 90.1%, 79.7% and 72.8%, respectively, P = 0.753).

As a result of the previously published Malatya criteria, we expanded the Milan 
criteria by an additional 27% of patients[14]. With this new model of expanded Malatya 
criteria, we were able to increase the patients who were eligible for liver 
transplantation by 42.7% beyond the number who were eligible by Milan criteria 
alone. Thus, OS of 77.6% at 5 years was achieved with transplantation in 65 HCC 
patients who were beyond the Milan criteria.

The limitations of this study are the small sample size, although it is not small for 
transplantation in patients with large tumors and its retrospective design. The results 
of this study should be confirmed in a prospective trial.

CONCLUSION
In conclusion, the current study shows that in the setting of liver transplantation, GGT 
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Table 4 Clinical characteristics of combination low alpha-fetoprotein/gamma glutamyl transpeptidase patients vs all other 
combinations

Parameters Low AFP ≤ 200, low GGT ≤ 104, n = 14 Other combos, n = 34 P value

AFP (ng/mL)

Median 7.35 132.5 0.009b

mean ± SD 21.6 ± 32.4 758.5 ± 2397.2

GGT (IU/L)

Median 63 140.5 < 0.001c

mean ± SD 59.6 ± 31.6 208.9 ± 232.4

Total Bilirubin (mg/dL)

Median 2 1.4 0.511

mean ± SD 3.2 ± 3.8 2.5 ± 3.0

AST (IU/L)

Median 68.5 77.5 0.892

mean ± SD 126.2 ± 145.9 93.2 ± 66.4

MTD (cm)

Median 8.75 8.25 0.317

mean ± SD 8.66 ± 1.18 9.9 ± 4.5

Number of nodules, n (%)

1 8 (57) 14 (41) 0.490

> 1 6 (43) 20 (59)

Microvascular invasion, n (%)

Negative 7 (50) 7 (21) 0.041a

Positive 7 (50) 27 (79)

Differentiation, n (%)

Well 7 (50) 7 (20) 0.020a

Moderate 5 (36) 19 (56)

Poor 2 (14) 8 (24)

aP < 0.05.
bP < 0.01.
cP < 0.001.
AFP: Alpha-fetoprotein; GGT: Gamma glutamyl transpeptidase; AST: Aspartate aminotransferase; MTD: Maximum dominant tumor diameter; SD: 
Standard deviation.

and AFP both independently and together allow discrimination of better or worse 
survival in HCC patients with large tumors who undergo liver transplant.
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Figure 1 Survival of patients according to alpha-fetoprotein and gamma glutamyl transpeptidase alone. A: Overall and disease-free survival of 50 
patients; B: Overall and disease-free survival according to alpha-fetoprotein (AFP) ≤ 200 ng/mL vs AFP > 200 ng/mL; C: Overall and disease-free survival according to 
gamma glutamyl transpeptidase (GGT) ≤ 104 IU/L vs GGT > 104 IU/L.
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Figure 2 Survival of patients according to alpha-fetoprotein and gamma glutamyl transpeptidase combinations. A: Overall and disease-free 
survival according to alpha-fetoprotein (AFP) and gamma glutamyl transpeptidase (GGT) combinations (low AFP + low GGT, high AFP + low GGT, low AFP + high 
GGT and high AFP + high GGT); B: Overall and disease-free survival according to low AFP + low GGT vs all other AFP + GGT combinations.
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Figure 3 Survival of patients according to maximum dominant tumor diameter size and alpha-fetoprotein-gamma glutamyl transpeptidase 
combinations. A: Overall survival in the maximum tumor diameter band 6-10 cm according to low alpha-fetoprotein (AFP) + low gamma glutamyl transpeptidase 
(GGT) vs all other combinations; B: Overall survival in the maximum tumor diameter band > 10 cm according to low AFP + low GGT vs all other AFP + GGT 
combinations.

ARTICLE HIGHLIGHTS
Research background
For many years, liver transplantation for hepatocellular carcinoma (HCC) has been 
performed according to the Milan criteria for patient selection, using a maximum 
dominant tumor diameter (MTD) of 5 cm and resulting in a 5-year survival of 75%.

Research motivation
It has recently become apparent, that an expansion of the Milan criteria may be 
possible for patients with a slightly larger MTD than 5 cm to be transplanted and 
achieve similar good survival. However, the extent by which MTD can be increased 
has not been clearly identified.

Research objectives
To identify subsets of HCC patients with larger tumors, who also have longer survival 
after liver transplant, despite having an MTD > 5 cm.

Research methods
We retrospectively evaluated a prospectively accrued database of 50 patients who had 
HCCs > MTD of 5 cm and were treated by living donor liver transplantation.

Research results
We found that HCC patients with a MTD 6-10 cm could be stratified according to the 
presence of low or high levels of serum alpha-fetoprotein (AFP) or gamma glutamyl 
transpeptidase (GGT), or the 2 serum markers in combination. The results showed that 
patients with a combination of low AFP plus low GGT had excellent long-term 
survival. Patients who had either low AFP alone or low GGT alone had intermediate 
survival and patients with both high AFP plus high GGT had the worst survival.

Research conclusions
Measurement of serum AFP and GGT levels permits the identification of HCC patients 
with tumors greater than the Milan criteria size who can have excellent post-liver 
transplant survival.
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Research perspectives
Future research should be directed towards the identification of new HCC biomarkers 
that will correlate with tumor biology and will help refine the selection of HCC 
patients with large tumors who can also benefit from treatment with liver 
transplantation. This will increase the number of HCC patients who can then benefit 
from increased survival following liver transplantation.
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