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AFP role in predicting recurrence of hepatocellular carcinoma after living 
donor liver transplantation in HCV patients
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HCC is one of the leading causes of death worldwide. Liver transplantation including living donor transplantation is the 
best available treatment. We have analyzed our experience with LDLT (living donor liver transplantation) in patients with 
HCC and HCV in order to determine if alpha feto-protein (AFP) is a better predictor of recurrence than the tumor burden. 
We have identified all patients with HCV related liver disease and HCC who have undergone LDLT in one center during 
the period from December 2000 to December 2014. Outcomes from the prospective database were compared for patients 
who met Milan criteria (single tumor ≤5 cm, maximum of 3 total tumors with none >3 cm) or not. Uni- and multi-variable 
analyses of factors influencing recurrence free survival (RFS) were performed. A total of 142 patients with HCC and HCV 
associated liver disease underwent LDTL during the study period. RFS was 96.4% at 1 year, 91.8% at 3 years and 91.8% at 5 
years. Gender, Model for End-stage Liver Disease (MELD), pre-transplant therapy, AFP level, tumor number, total tumor 
size were predictors of recurrence in univariable analysis. In multivariable analysis MELD score (Hazard ratio (HR) 1.16) 
and Log10 AFP (HR 3.14) were predictors of RFS. In the ROC curve analysis with an AUC of 0.76 the optimal cut-off value 
of AFP was 26 ng/mL. In conclusion, MELD score and pre-transplant AFP predict recurrence after LDLT for HCC with 
HCV infection. 
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Hepatocellular carcinoma (HCC) is one of the leading 
causes of cancer death worldwide [1]. The possibility of liver 
resection is restricted in patients with cirrhotic livers due 
to poor future remnant liver function. Since the introduc-
tion of the Milan criteria [2], liver transplantation (LT) has 
become a valuable option for selected HCC patients. For 
those patients, LT is the best treatment possibility as it cures 
both HCC and the underlying liver disease. However, the 
shortage of deceased liver donors is a strong limiting factor 
to this approach. The living donor liver transplantation 
(LDLT) has been proposed as an option for HCC patients 
with Child B or C liver disease. Several preoperative factors 
have been suggested to identify patients that have the highest 
probability of cure with LDLT. Most commonly used systems 
are the Milan criteria [2] and University of California, San 
Francisco (UCSF) criteria [3]. Both systems base the identi-
fication of patients suitable for LDLT on a tumor burden. 
However, it has been recently suggested that preoperative 
alpha feto-protein (AFP) level can better predict recurrence 

and survival after LT for HCC than the tumor burden [4]. 
Patients with hepatitis C virus (HCV) infection are a group 
with generally poorer prognosis after LT than patients with 
no HCV infection [5]. In this paper, we try to establish the 
role of pre-transplant AFP level in the subpopulation of 
patients with HCC and HCV infection.

Patients and methods

Patient selection. From December 2000 to December 
2014 we have performed 1153 LDLT. In the prospective 
database we have identified all patients who underwent 
LDLT for HCC and had an underlying HCV infection. The 
data on 142 patients was analyzed. Seventy-six percent of 
patients fulfilled UCSF criteria for transplantation (solitary 
tumor measuring up to 6.5 cm in diameter or up to three 
lesions, each measuring no more than 4.5 cm in diameter, 
with a total combined measurement of less than 8 cm) while 
35% did not meet the Milan criteria (single tumor ≤5 cm, 
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maximum of 3 total tumors with none >3 cm). The hepatitis 
B virus (HBV) infection coexisted in 16% of patients. All 
patients were operated by the same team using the standard-
ized technique of LDLT described elsewhere [6]. All arterial 
and biliary anastomoses starting from 2006 have been 
performed by the same microsurgeon. Before this date it had 
been done in a standardized fashion by a liver surgeon using 
surgical magnifying loops [7].

The following variables were analyzed as potential factors 
influencing recurrence free survival (RFS): pre-transplant 
AFP level, age, sex, the Model for End-Stage Liver Disease 
(MELD) score, number of tumors, total tumor size, bridge 
therapy before transplantation, diabetes, Milan criteria, 
coexisting HBV infection. AFP levels obtained directly 

before surgery were taken into account. For the MELD score, 
we used the score calculated before MELD except for HCC. 
Bridge therapies were: radiofrequency ablation (RFA), percu-
taneous ethanol injection (PEI), transarterial chemoemboli-
sation (TACE), surgical resection.

Statistics. Categorical variables are expressed as percent-
ages, and continuous values are expressed as means (standard 
deviation, SD) or median (interquartile range, IQR) if data 
were not normally distributed. Categorical variables were 
compared using χ2 test or Fisher’s exact test as appropriate. 
Continuous variables were compared between groups using 
the t test or Mann-Whitney U test as appropriate. The Kaplan-
Meier method was used to estimate overall survival (OS) and 
RFS probabilities. RFS time was defined as the interval between 
the date of LDLT and the date when recurrence was detected 
by computed tomography (CT), magnetic resonance imaging 
(MRI), or 18F-fluorodeoxyglucose positron emission tomog-
raphy (FDG-PET). Patients’ deaths unrelated to HCC recur-
rence were censored during the statistical analysis of HCC 
recurrence. Cox proportional hazards regression model was 
used to assess predictors of recurrence-free survival. Hazard 
ratios (HR, crude and adjusted) and corresponding 95% 
confidence intervals (CI) were calculated. Receiver operating 
characteristic (ROC) curve analysis was used to determine 
the optimal cutoff value of AFP. Statistics calculations were 
performed using SPSS software version 17.0 (SPSS Inc., Chicago, 
IL, USA). A p<0.05 was considered statistically significant.

Results

A total of 142 patients were analyzed. Patients’ 
demographic characteristics and histopathology results of 
explanted liver are shown in Tables 1 and 2, respectively. The 
median follow-up after LDLT was 41.9 months (IQR: 41.0 
months). HCC recurred in 13 patients (9.2%) at a median of 
22.5 months after LDLT (IQR: 41.8 months). Ten recurrences 
occurred within 3 years, and 3 recurrences occurred after 
more than 5 years. The cumulative 1-, 3-, and 5-year OS were 
96.4%, 90.1%, and 84.0%, respectively. The cumulative 1-, 3-, 
and 5-year RFS were 96.4%, 91.8%, and 91.8%, respectively.

Gender, MELD score, pre-transplant therapy, pre-trans-
plant serum AFP level (including Log10(AFP), AFP 
>20 ng/ml, AFP >100 ng/ml, AFP >200 ng/ml), tumor 
number, and total tumor size >10 cm were all significant 
predictors for a worse RFS (Table 3). When significant 
predictors were applied to the multivariable analysis, MELD 
score (adjusted HR: 1.16, 95% CI: 1.04–1.25, p=0.006) and 
pre-transplant Log10 (AFP) (adjusted HR: 3.14, 95% CI: 
1.46–6.76, p=0.003) were significant independent predictors 
associated with a worse recurrence-free survival (Table 3).

In the ROC curve analysis, pre-transplant serum AFP 
level is a significant predictor with an AUC of 0.76 (95% CI 
0.62–0.91 p=0.002) and the optimal cutoff values of AFP is 
26 ng/ml with sensitivity of 76.9% and specificity of 71.3% 
(Figure 1).

Table 1. Patient demographics and pre-transplant clinical characteristics.

Variables Patients (n=142)
Age (years)

mean (SD)
range

57.5 (5.9)
44.8–68.8

Gender
Man
Woman

93 (65.5%)
49 (34.5%)

Diabetes
Yes
No

36 (25.4%)
106 (74.6%)

CTP score
A
B
C

50 (35.2%)
64 (45.1%)
28 (19.7%)

MELD score
Median (IQR)
Range

11 (5)
6–37

Combine HBV infection
Yes
No

24 (16.9%)
118 (83.1%)

Pre-transplant therapy
Yes

Hepatectomy
TAE
RFA
PEI

No

105 (73.9%)
22 (15.5%)
71 (50.0%)
12 (8.5%)

62 (43.7%)
37 (26.1%)

Pre-transplant AFP (ng/ml)
Median (IQR)
Range
<20
20–200
>200

14.2 (37.0)
3–37867

88 (62.0%)
44 (31.0%)
10 (7.0%)

SD, standard deviation; CTP, Child-Turcotte-Pugh score; MELD, Model for 
End-Stage Liver Disease; IQR, interquartile range; HBV, hepatitis B virus; 
TAE, transcatheter arterial embolization; RFA, radiofrequency ablation; 
PEI, percutaneous ethanol injection; AFP, serum α-fetoprotein.
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Discussion
Liver transplantation is the only treatment capable of 

treating both liver cancer and the underlying cirrhosis. But 
with the stable number of donors and constantly growing 
number of patients needing the liver transplant there is an 
evident need for formulating a system that allows to identify 
patients who will benefit most from the LT. Ideally, HCC 
patients undergoing LT should have outcomes comparable 
to patients transplanted for other indications. Unfortu-
nately, this objective is still difficult to achieve [8]. The idea 
of performing a LT to treat cancer is based on an assumption 
that performing a complicated surgical procedure that uses a 
scarcely available organ will result in a significant improve-
ment in patients’ outcome. In the setting of LDLT the ethical 
consideration of exposing a health donor to a significant 
risk is also of utmost importance. Therefore, it seems logical 
that the criteria used for the selection of patients allows to 
identify those that have a possibility of survival similar to the 
patients transplanted for non-HCC indications [9].

The most commonly accepted criteria for including 
patients with HCC for transplantation are the Milan and 

UCSF criteria. For staging purposes, the AJCC/TNM system 
is also used. All staging systems for HCC are based on the 
tumor burden. In the AJCC/TNM system the stage is based 
on the size, number and infiltration of adjacent organs. In 
the current version this classification suggests recording the 
AFP level but its result has no effect on the final staging [10]. 
The Milan criteria and UCSF criteria do not mention AFP 
level at all [2, 3]. This is also the case for current guidelines 
on HCC treatment [11]. On the other hand, in a recent report 
analyzing over 45,000 liver transplant patients performed in 
the United States a strong dose response correlation between 
the serum AFP level and post-transplant mortality has 
been shown [4]. The poorer survival in patients with HCC 
compared to patients transplanted for non-HCC indications 
was noticed already at AFP levels as low as 15 ng/mL. The 
combination of total tumor volume and AFP level was also 
found to correlate with OS in transplanted HCC patients 
[12]. These findings suggest that including pre-transplan-
tation AFP level in the staging systems could help identify 
patients at lower risk of developing HCC recurrence or 
dying from the disease who therefore would be better candi-
dates for LT.

Patients with HCV infection tend to present with advanced 
cirrhosis and experience lower 5-year survival than patients 
with non-HCV related disease [5]. Patients transplanted for 
HCV cirrhosis were initially thought to have worse outcomes 
after LDLT than after DLT [13]. However, more recent data 
does not support this statement confirming similar results 
for LDLT and deceased donor liver transplantation (DDLT) 
[14]. But still, the presence of HCV infection has been found 
to be the only factor influencing overall survival of patients 
undergoing LDLT with a HR of 2.29 [15].

Table 2. Histopathology results of explanted liver.

Variables Patients (n=142)
Number of tumors

Median (IQR)
≤ 3
> 3

2 (2)
113 (79.6%)
29 (20.4%)

Largest tumor size (cm)
Median (IQR)
≤ 5cm
> 5cm

2.5 (1.5)
136 (95.8%)

6 (4.2%)
Total tumor size (cm)

Median (IQR)
≤ 10cm
> 10cm

4.0 (4.3)
130 (91.5%)

12 (8.5%)
Tumor differentiation

Well differentiated
Moderately differentiated
Poorly differentiated
Uncertain*

14 (9.9%)
101 (71.1%)

0
27 (19.0%)

mVI
Absent
Present

95 (66.9%)
47 (33.1%)

Milan criteria
Within
Beyond

92 (64.8%)
50 (35.2%)

UCSF criteria
Within
Beyond

108 (76.1%)
34 (23.9%)

IQR, interquartile range; mVI, microvascular invasion; UCSF, University of 
California San Francisco. *Uncertain: undetermined because of extensive 
necrosis.

Figure 1. The receiver operating characteristic curve analyses for predict-
ing HCC recurrence. Area under the curve of AFP was 0.763 and the op-
timal cutoff value was 26 ng/ml with sensitivity of 76.9% and specificity 
of 71.3%.
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coincides with data from literature where the results of LDLT 
in patients who initially did not meet Milan or UCSF criteria 
but were downstaged before the transplant are equal to those 
fulfilling the criteria and not requiring any bridge therapy 
before transplantation [3, 18]. The inability of downstaging a 
tumor into Milan criteria before LT has been shown in multi-
variable analysis to be an independent predictor of HCC 
recurrence [19]. This phenomenon was not noted in our series.

Our study confirmed a relationship between the 
pre-transplant AFP level and tumor recurrence with the 
optimal cut-off value of 26 ng/mL. The correlation between 
pre-transplant AFP level and OS and RFS in patients under-
going LT for HCC has been shown in several studies. In a 
recent paper analyzing data of 45,000 patients transplanted 
for HCC, the impact on survival has been seen already at 
AFP levels of 16 ng/mL [4]. Also in smaller groups, this effect 
of AFP has been noted, although at higher concentrations of 
400 ng/mL [12]. Maximum AFP has been noted to increase 
HR for tumor recurrence at a pace of 1.21 per log unit [19]. 
In our series, the adjusted HR for pre-transplant Log10 AFP 
was 3.14. Based on the analysis on 211 patients transplanted 
for HCC, Hameed et al. suggested that the cutoff value of 
AFP in candidates for liver transplantation fulfilling the 
Milan criteria should be as high as 1000 ng/ml [20]. In our 
study group on the other hand, the optimal cut-off value for 
AFP was 26 ng/mL. The interpretation of these differences 
is not clear since in the paper by Hameed et al. only 62% of 

In this study, our aim was to evaluate whether preopera-
tive AFP levels are better predictors of survival than tumor 
burden. The influence of donor-related factors was minimized 
in our study group. All patients were of Asian origin, all had 
underlying HCV infection and confirmed HCC (fulfilling 
in 76% of patients UCSF criteria). All patients were treated 
by LDLT performed by the same team and using the same 
technique. The influence of donor factors and intraopera-
tive factors like cold isquemia time, warm isquemia time and 
surgical technique was therefore minimized. This is impor-
tant since in a recent study longer cold ischemia time and 
warm ischemia time were both correlated to poorer survival 
of patients with HCC undergoing DDLT [16]. Among many 
factors influencing outcome of LT, the donor variables play 
an important role. The recipients of a liver graft from cardiac 
death donors had a higher probability of liver abscess, biliary 
stricture, and death 3 and 5 years after transplantation for 
HCV related liver disease compared with patients receiving 
grafts form brain dead donors. Shorter survival has been also 
noted for patients receiving grafts from deceased donors of 
more than 60 years of age [17]. All above mentioned technical 
and donor factors were eliminated or at least minimized in 
our series due to its high homogeneity.

In the presented group, 74% of patients received a 
downstaging treatment (RFA, TACE, PEI or surgery) prior to 
surgery. Pre-transplant therapy was found to influence recur-
rence after LDLT only in univariable analysis. This finding 

Table 3. Uni- and multi-variable analyses (Cox proportional hazard model) for tumor recurrence after LDLT.

Variables
Univariable Multivariable

HR 95% CI p-value HR 95% CI p-value
Age >57 y 1.73 0.55–5.49 352
Gender (man) 7.89 1.02–61.09 48 8.00 0.96–66.68 55
Diabetes 0.65 0.14–2.99 575
MELD score 1.09 1.01–1.17 19 1.16 1.04–1.28 6
Combine HBV infection 1.20 0.33–4.40 781
Pre-transplant therapy 0.28 0.09–0.86 26 0.34 0.08–1.37 129
Pre-transplant AFP

Log10(AFP)
AFP>20 ng/ml
AFP>100 ng/ml
AFP>200 ng/ml

2.72
5.08
4.01
4.43

1.47–5.04
1.39–18.59
1.28–12.53
1.29–15.22

0.001
0.014
0.017
0.018

3.14 1.46–6.76
3

Tumor number
Number >3

1.34
3.00

1.13–1.60
0.94–9.50

0.001
0.063

1.52 0.93–2.48 94

Largest tumor size (cm)
Largest size >5 cm

1.19
1.66

0.82–1.74
0.21–13.10

0.364
0.629

Total tumor size (cm)
Total size >10 cm

1.23
8.45

1.09–1.40
2.67–26.73

0.001
<0.001 0.24 0.01–5.59

374

Tumor grade (MD) 4.80 0.62–37.00 132
mVI 1.88 0.63–5.60 260
Beyond Milan 1.65 0.55–4.92 373
Beyond UCSF 2.14 0.70–6.59 185

MELD, Model for End-Stage Liver Disease; HBV, hepatitis B virus; AFP, serum α-fetoprotein; MD, moderately differentiated ; mVI, microvascular invasion; 
UCSF, University of California San Francisco.
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patients had HCV infection and in our group only 65% of 
patients fulfilled the Milan criteria. Also, the median AFP 
level in our patients was 14.2 and 10 patients (7%) had an 
AFP level >200, while in Hameed’s group median was 11 and 
4.7% of patients had an AFP of >1000. Apart from AFP other 
biomarkers can be used for HCC surveillance. The evaluation 
of AFP-L3, DCP and the combination of its results with AFP 
level have been shown to yield promising results [21].

The tumor burden expressed by number of tumors and 
overall tumor size were found to influence RFS only in 
univariable analysis. The high tumor burden in the presented 
group is reflected by 76% of patients fulfilling UCSF criteria 
and only 65% of patients fulfilling the Milan criteria. No 
difference in outcome between those patients and patients 
who were outside the Milan, but within UCSF criteria, was 
noted. This finding is in contrast to the finding by Agopian et 
al. who found that non-downstaging HCC patient to fit Milan 
criteria before LT is a predictor of recurrence in multivariable 
analysis [19]. Median time to recurrence was longer in our 
group (15 months vs. 22 months) as well as OS and RFS at 
1, 3 and 5 years. Although our study groups are not entirely 
comparable, this finding can be used as another argument 
against the use of Milan criteria. We have shown that patients 
undergoing LDLT who were beyond the Milan criteria even 
after bridge therapies were doing similar to the patients 
fulfilling those criteria. Based on these findings, it seems 
reasonable to state that UCSF criteria better define the group 
which is likely to survive for a longer time after transplantation.

Micro and macrovascular invasion has been shown in 
several reports to be a predictor of recurrence of HCC after 
LT [19, 20, 22]. In the present series, we have not found 
microvascular invasion to influence recurrence in univari-
able analysis. The level of AFP has been found to predict 
microvascular invasion in one study [20]. We have failed to 
confirm this correlation in our study group.

We have found the MELD score to be an independent 
factor of tumor recurrence in both, univariable and multi-
variable analyses. This confirms the findings from the recent 
study where MELD score together with HCV status, age of 
both donor and recipient and AFP level were found to influ-
ence graft and patient survival after DDLT [16].

There are several weaknesses in our study. One fourth of 
our study population did not meet UCSF criteria for liver 
transplantation, while 65% stayed within the stricter Milan 
criteria. This group represents therefore a wide spectrum of 
tumor burden. All other patient, surgeon and hospital-related 
factors are homogenous compared to other reported series. 
This high homogeneity (with the exclusion of tumor burden) 
of the study population can be seen as an advantage, but also 
makes it difficult to extrapolate our results to other patient 
groups. There were several techniques of downstaging used 
(e.g.: TACE, RFA, PEI, resection) which in many patients 
resulted in important fall in AFP level measured preop-
eratively. Both, the OS and RFS can vary depending on the 
technique of downstaging used [19]. In one systematic review 

comparing TACE with TARE (transarterial radio emboliza-
tion – technique that had not been used in our study popula-
tion), the results of both techniques were similar with 40% 
of success rate and 16% recurrent HCC [23]. However, due 
to small numbers of patients in each of the pre-transplant 
therapies we could only compare all downstaging techniques 
to no downstaging.

Our findings strongly support the use of the pre-trans-
plant AFP level as a determinant of post-transplantation 
outcome in patients with HCC and HCV related disease. The 
optimal cut-off value for specific group of patients has yet to 
be defined. In this series, the AFP and MELD score have been 
shown to influence HCC recurrence, while tumor burden 
was found to be important only in univariable analysis.

Conclusion

The pre-transplant AFP level and MELD score influence 
RFS in patients with HCC and HCV-related liver disease 
undergoing LDLT.
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