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Abstract

Survival was examined from a Turkish liver transplant center of patients with HCC, to identify prognostic factors. Data from 215
patients who underwent predominantly live donor liver transplant for HCC at our institute over 12 years were included in the
study and prospectively recorded. They were 152 patients within and 63 patients beyond Milan criteria. Patients beyond Milan
criteria were divided into two groups according to presence or absence of tumor recurrence. Recurrence-associated factors were
analyzed. These factors were then applied to the total cohort for survival analysis. We identified four factors, using multivariate
analysis, that were significantly associated with tumor recurrence. These were maximum tumor diameter, degree of tumor
differentiation, and serum AFP and GGT levels. A model that included all four of these factors was constructed, the ‘Malatya
criteria.” Using these Malatya criteria, we estimated DFS and cumulative survival, for patients within and beyond these criteria,
and found statistically significant differences with improved survival in patients within Malatya criteria of 1, 5, and 10-year
overall survival rates of 90.1%, 79.7%, and 72.8% respectively, which compared favorably with other extra-Milan extended
criteria. Survival of our patients within the newly defined Malatya criteria compared favorably with other extra-Milan extended
criteria and highlight the usefulness of serum AFP and GGT levels in decision-making.
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GGT Gamma glutamy] transferase
GRWR  Graft to recipient weight ratio
HC Hagzhou criteria

HCC Hepatocellular cancer

LT Liver transplantation

LDLT  Live donor liver transplantation

MC Milan criteria

MELD Model for End Stage Liver Disease score
MRI Magnetic resonance imaging

MSCT  Multislice computed tomography

MTD Maximal tumor diameter

NLR Neutrophil-lymphocyte ratio

oS Overall survival

OR Odds ratio

P E T / Positron emission tomography/computerized to-
CT mography scan

PLR Platelet-to-lymphocyte ratio

ROC Receiver operating characteristics

TTS Total tumor size
UCSF  University of California, San Francisco criteria

Introduction

Hepatocellular cancer (HCC) is the fifth most common cancer
and the second most common cause of cancer death worldwide
[1]. Liver transplantation (LT) provides the only recurrence-free
curative treatment option and the Milan criteria (MC) are adopted
worldwide to select patients with HCC for LT. However, MC
based on tumor morphological features are too strict and patients
with favorable tumor biology who are beyond these criteria are
excluded from LT and loose the opportunity for curative treat-
ment [2]. University of California, San Francisco criteria (UCSF)
[3], Barcelona Clinic Liver Cancer extended criteria (BCLC) [4],
Up-to-Seven [5], Extended Toronto (ETC) [6], Hangzhou
criteria (HC) [7], and similar extended criteria are defined to
overcome limitations of MC. This study aims to examine the
results of patients beyond Milan criteria who were transplanted
at our institution. We evaluated post-transplant tumor recurrences
and the factors associated with recurrence. Using these factors,
we identified patients with HCC that would likely benefit long
term from LT. We refer to these as the Malatya criteria. We
found that alpha fetoprotein (AFP) and gamma glutamyl trans-
ferase (GGT) were important in identifying patients at risk for
recurrence, in this retrospective study.

Materials and Methods
Patient Selection

Two hunderd fifteen patients underwent LT for HCC at our
Liver Transplantation Institute, of whom 152 were within

Milan criteria and 63 were beyond Milan criteria.
Prospectively recorded data were analyzed retrospectively.
This study has been approved by Inonu University
Institutional Review Board (Approval no: 2018/1-9).

Study Design

This was a retrospective analysis of prospectively collected
data. Age, gender, Child-Pugh score (CHILD), Model for
End Stage Liver Disease (MELD) score, body mass index
(BMI) (kg/m?), graft to recipient weight ratio (GRWR),
AFP, histological tumor differentiation, microvascular inva-
sion, total tumor size (TTS, cm), dominant or maximum tumor
diameter (MTD, cm), number of nodules, MC, UCSF, Up-to-
Seven, ETC, HC, neutrophil-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), platelets, alkaline phos-
phatase (ALKP), gamma glutamyl transferase (GGT), overall
survival (OS) (days), and disease-free survival (DFS) (days)
were analyzed.

Patients were divided into two groups, namely within MC
(n=152) and beyond MC (n = 63) for survival analysis, total
= 215 (Fig. 1). Our initial aim was to identify parameters
affecting tumor-free survival in patients with tumors beyond
MC, using both univariate and multivariate analyses. The cut-
off values which we used were defined from the receiver op-
erating characteristics (ROC) analysis as follows: age (<
55 years), MELD (<14), AFP (<200 ng/mL), GGT (<
104 U/L), ALKP (<135 U/L), TTS (<8 cm), MTD (<
6 cm), NLR (<2.4), PLR (< 113), platelets (<125 10°/L),
and BMI (<25 kg/m?®) (Supplementary Fig. 1). Parameters
with a p value < 0.05 in univariate analysis were included in
the multivariate analysis model to determine any possible risk
factor for tumor recurrence. Independent risk factors defined
by this model were included in the Malatya criteria given
below.

Definition of the Malatya Criteria

1. Patients within MC have been also accepted as within
Malatya criteria.

2. Patients with tumors beyond the MC subgroup analysis
revealed AFP (<200 ng/mL), GGT (<104 IU/L), differ-
entiation grade (well/moderate), and MTD (<6 cm) were
independent risk factors for recurrence. These formed the
basis of the Malatya criteria (Table 2), which were then
applied to beyond-Milan HCC patients for survival
analysis.

Preoperative Evaluation

In our institution prior to development of the Malatya criteria,
patients were considered as eligble to live donor liver
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Fig. 1 Overall survival (OS) by
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transplantation (LDLT) only if the disease was confined to
liver and without any macrovascular invasion [8, 9]. Since
2016, the indication for LT is discussed in multidisciplinary
medical committee that is constituted by transplant surgeons,
medical oncologist, radiologist, nuclear medicine specialist,
pathologist, and hepatologist. The law commisioned by the
Turkish ministry of health on organ procurement and alloca-
tion allow deceased donor liver transplantation in patients
with HCC that are within the MC. However, this does not
apply to the recipients of the living donors. Therefore, patients
with tumors beyond the Milan criteria can only receive LDLT.

Our preoperative evaluation includes liver function tests,
complete blood counts, coagulation parameters, AFP levels,
multislice computed tomography (MSCT) scans, magnetic
resonance imaging (MRI), and some recently also had posi-
tron emission tomography/computerized tomography scan
(PET/CT).

Post-Transplant Follow Up and Immunosuppressive
Regimens

Surveillance of the AFP levels are perfomed monthly in the
follow-up period. In the initial 2 years of the follow-up period,
abdominal ultrasonography once in every 3 months and
MSCT is performed once in every 6 months. In the follow-
up period between postoperative second and fifth years, in-
clude annual MSCT. In patients with high AFP levels during
the follow-up period, MSCT, MRI, and PET/CT are obtained.
In patients with atypical nodules detected on MSCT with high
AFP levels, a contrast-enhanced MRI was performed. In
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patients with high AFP levels and a typical nodule detected
on MSCT is considered as having an HCC recurrence.

The immunosuppresive treatment protocol following LT
for HCC includes routine initiation of tacrolimus (through
level 6-10 ng/mL), mycophenolate mofetil, and corticosteroid
for the first month. After the first month, low-dose tacrolimus
(through level 5-7 ng/mL) and everolimus (through level 8—
10 ng/mL), mycophenolate mofetil, and corticosteroid were
given. Following the third month, low-dose tacrolimus +
everolimus combined regimen is continued.

Statistical Analysis

Distribution of the parameters were evaluated with Shapiro-
Wilk and Kolmogorov-Smirnov tests to show presence of
normal distribution. Continuous (quantitative) variables were
expressed as median (range), mean £+ SD. Categorical
(qualitative) variables were expressed as number and percent-
age. Comparisons between groups were analyzed with Mann-
Whitney U test for continuous variables and with Pearson chi-
square test, Yates corrected test, and Fisher’s exact tests for
cathegorical variables. ROC analysis was performed to iden-
tify optimum cut-off values of continuous variables. A cut-off
value for each variable was determined to obtain the most
ideal sensitivity and specificity. Categorized variables were
compared using univariate analysis methods (Pearson chi-
square test, Fisher’s exact test, Yates corrected chi-square).
Variables with a p value <0.05 were taken into backward
stepwise logistic regression model to define the independent
risk factors. Hosmer and Lemeshow test was used for analysis
of fit for logistic regression models. Kaplan-Meier survival
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Table 1 Comparison of patients beyond Milan criteria with and without recurrence using univariate and multivariate regression analyses (n = 63)

Patient characteristics Beyond Milan without recurrence (n =28) Beyond Milan with recurrence (n=35) p

Univariate analysis

Multivariate analyses

n (%) n (%) Exp(B) 95% Cl1Exp(B) p
Age
<55 15 (54) 18 (51) 1.0
>55 13 (46) 17 (49)
Gender
Male 24 (86) 26 (74) 0.353
Female 4 (14) 9 (26)
Etiology
HBV 20 (71) 21 (60) 0.084
HBV + HDV 2(7) 7 (20)
HCV 5(18) 13
Criptogenic 14) 3(8.,9)
Others 0 38,5
Child score
A 6 (21) 15 (43) 0.182
B 14 (50) 14 (40)
C 8 (29) 6 (17)
MELD score
<14 18 (64) 27 (77) 0.400
>14 10 (36) 8(23)
Differentiation
Well + moderate 26 (93) 22 (63) 0.003 18.9 1.85-194.5 0.013
Poor 2(7) 13 (37)
Microvascular invasion
No 15 (54) 3(9) <0.001 0.251
Yes 13 (46) 32 (81)
Preoperative AFP, ng/mL
<200 24 (86) 21 (60) 0.049 7.7 1.16-51.2 0.035
>200 4 (14) 14 (40)
ALKP, IU/L
<135 15 (54) 12 (34) 0.213
>135 13 (46) 23 (66)
BMI, kg/m’
<25 14 (50) 14 (40) 0.656
>25 13 (46) 19 (54)
GGT, IU/L
<104 23 (82) 12 (34) 0.001 5.5 1.002-29.8 0.049
> 104 4(14) 23 (66)
Platelets, 10/L
<125 21 (75) 19 (54) 0.081
> 125 7 (25) 16 (46)
PLR
<113 22 (79) 19 (54) 0.068
>113 621) 16 (46)
NLR
<24 13 (46) 12 (34) 0.268
>24 15 (54) 23 (66)
Max tumor diameter, cm
<6 22 (79) 13 (37) 0.003 124 1.99-77.3 0.008
>6 6 (1) 22 (63)
Total tumor size, cm
<8 13 (46) 12 (34) 0.472
>8 15 (54) 23 (66)
Tumor number
=1 tumor 4(14) 11 31) 0.627
2-5 tumor 15 (54) 9 (26)
> 6 tumor 9(32) 15 (43)
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estimate was used to determine overall survival and disease-
free survival of the patients. Follow-up period was defined as
the interval between LT until the date of last visit to the out-
patient department for living patients or until the date of death
of the patient. Time to disease recurrence was defined as the
interval between the LT until the date a lesion that appeared to
be a tumor was detected by biochemical (AFP) and radiolog-
ical examination and/or a lesion diagnosed as HCC in another
region of the patient. Statistical tests were considered signifi-
cant when the corrensponding p value was less than 5%. All
statistical analyses are peformed using Statistical Package for
Sociak Sciences sofware version 25 (SPSS v25) (IBM, USA).

Results

Survival and recurrence analyzes were performed in pa-
tients within MC. The 5-year survival in patients with
MC was 81.9%, and recurrence was found in only four
patients (3.6%). The median survival of these four patients
was 3.7 years (1343 +644.9 days). Then, we analyzed the
survival of patients with MC, known as poor prognostic
factors, with microvascular invasion positivity, poor differ-
entiation, high AFP (AFP > 1000 ng/mL) (Supplementary
Fig. 1). The mean survival of 33 patients with positive
microvascular invasion within MC was 9.8 years (3554.1
+244.3 days); mean survival of 7 patients with poor dif-
ferentiation within MC was 9.3 years (3349.6+
516.1 days); and the mean survival of 6 patients with
AFP level > 1000 ng/mL within MC was 6 years (2191.7
+401.1 days). Given these long survival outcomes, we
decided that no patient within MC should be excluded for
liver transplantation. However, the ETC and Up-to-Seven
criteria pushed some patients in MC out of liver transplant
criteria. Thus, the new extended criteria to be established
should directly cover patients within MC.

Extra-MC patients were analyzed next. A total of 63 pa-
tients with extra-Milan tumors, for whom there was follow-up
data for at least 5 years, were studied in terms of tumor recur-
rence and non-recurrence. A ROC analysis was performed on
all parameters mentioned in the ‘Materials and methods’ sec-
tion (Supplementary Fig. 2). ROC analysis revealed the fol-
lowing cut-off values: age (<55 years), MELD (< 14), AFP
(2200 ng/mL), GGT (<104 IU/L), ALKP (<135 IU/L), TTS
(<8 cm), MTD (<6 c¢m), NLR (<2.4), PLR (<113), and
platelets (< 125 10°/L) were found as cut-off values.

The variables were then compared for the tumor recurrence
and non-recurrence groups in all the extra-Milan patients.
Parameters with a p value < 0.05 (Table 1) were then included
in a subsequent multivariate analysis model. This multivariate
analysis (Table 1) showed odds ratios (ORs) for recurrence of
the following significant parameters: GGT (OR 5.87, p=
0.049), differentiation (OR 18.9, p=0.013), AFP (OR 7.7,
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Table2 Malatya criteria

1. Patients within Milan criteria have been also accepted as within
Malatya criteria

2. Patients beyond Milan criteria should match all of 4 risk factors were
derived from Table 1, multivariate analysis:

a) Maximum tumor diameter <6 cm
b) AFP <200 ng/mL

¢) GGTP <104 UL

d) Well/moderate tumor differentiation

p=0.035), and dominant tumor size (OR 12.4, p =0.008).
These 4 independent risk factors defined above in 41 patients
who had tumors beyond MC were used to create the ‘Malatya
criteria’ (Table 2, Supplementary Fig. 3).

For patients who were within Malatya criteria (Fig. 1), OS
rates at 1, 5, and 10 years were 90.1%, 79.7%, and 72.8%,
respectively. For the 41 patients who were beyond MC but
within Malatya criteria, OS survival rates were 94.7%, 71.9%,
and 71.9% at 1, 5, and 10 years, respectvely. These survival
rates were found to be similar to our 152 patients who were
within MC (88.8%, 81.9%, 72.5% at 1, 5, and 10 years, re-
spectively), as shown in Fig. 1 and Table 3. Figure 1 shows
that the survival results for Malatya criteria (beyond Milan)
were at least as good as the survival results for within Milan
criteria, as well as for results of our patients using several
extended (UCSF, Up-to-Seven, BCLC, ETC, Hangzhou)
criteria to analyze our same patients (Table 4).

A multiple regression model showed the importance of
serum levels of both AFP and GGT. To examine these two
parameters further, we examined their relationship to survival
in the total cohort, dichotomized by their ROC cut-off values
(Fig. 2). For each parameter, there was a statistically signifi-
cant survival difference between patients having above or be-
low the serum cut-off values or 104 IU/mL for GGT and
200 ng/mL for AFP.

Discussion

Optimal patient selection criteria for LDLT in patients with
HCC are still not clearly defined. MC enables 6—18% of HCC

Table 3 Survival at 3, 5, and 10 years in the four groups from Fig. 1
% Survival (months) 3 year 5 year 10 year
Within Milan 86.2 81.9 72.5
Within Malatya 85.2 79.7 72.8
Within Malatya, beyond Milan 81.2 71.9 71.9
Beyond Malatya 524 36.5 28.2
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Table 4  Results for overall survivals by the Kaplan-Meier method ac-

€ 3 y th an expected outcome. However, our aim was to identify
cording to Milan and several extended criteria

Overall survival (year) %

patients with a good prognosis who had HCCs that were
beyond MC criteria, by using our Malatya criteria as de-
veloped from a multivariate regression analysis. The re-

Criteria, (within) 1 3 5 10 sults of the present study show that with Malatya criteria,
Milan 28.8 36.2 219 725 \];ve wezlre 1\;];16 toilde.ntlfb;y patlle}?ts ;Vlth t};lmors thatlwere
UCSF 39 3 75 67 eyon h-l }?n Cl"lt;‘;rla, u}t] wit ha avoga% e su'rvwa out-
Up-to-Seven 60 %6 78 69 cortne dwdlc . twgs et;tler lt an .ot. ler sttu ies llltsmfg currl\itét
BCLC 29 %3 76 63 extended criteria and also similar to results from
ETC o8 -8 0 61 [3—7, 12—16]. In addition, poor outcomes of some patients

within MC group have also been reported, some of which
Hangzhou 88 79 70 61 . . . .

were patients with a single lesion greater than 3 cm, three
Malatya 90.1 85.2 79.7 72.8

separate lesions, unresponsive to loco-regional therapy
(LRT), or with AFP >20 ng/mL following LRT [17]. In
our study, all of the patients with a tumor recurrence and
who started within MC had AFP >400 ng/mL (Inonu
University Liver Transplant Institute unpublished data).
However, these patients survived a median of 3.7 years.
Most studies concerning patients within MC showed a 5-
year survival rate of 70—80% following LT. Furthermore,
HC, ETC, Toso, and Up-to-Seven criteria resulted in ex-
cluding a small group of patients within MC, while aiming
to define good prognosis patients beyond MC [5-7, 14].
For this reason, we did not exclude any patients within
MC, regardless of their AFP blood levels, as they had a
good survival in our experience (Fig. 1 and Table 3). Our
results show a 5-year OS rate of §1.9% in patients with
tumors within MC. We had a group consisting 41 patients
with tumors beyond MC but within Malatya, who have a 5-
year OS 71.9% (Table 3). Ultimately, we obtained a 5-year
OS rate of 79.7% for patients within Malatya criteria, like-
ly because many of the patients were also within MC (n =
152). Other expanded criteria unfortunately did not pro-
vide this survival rate when those criteria were applied to
the patients in our study (Table 4). Thus, we think expand-
ed criteria should be applied to HCC patients beyond MC.

Another differentiating feature of Malatya criteria from
other expanded criteria was in the use of results from levels
of plasma GGT, which is a biochemical parameter. This

patients to undergo LT (10). Extended criteria enable LT for
an additional 12—63% patients, compared with LTs performed
in accordance with MC [10]. As previously suggested, pa-
tients would benefit from extended criteria in many ways
where survival is the most important parameter [11].
However, expansion of selection criteria for HCC patients
with decreased patient survival would result in only modest
benefit in terms of the outcomes in patients with HCC.
Nevertheless, any extended criteria should provide the patient
with adequate benefit which is worth the donor undergoing a
major abdominal surgery such as donor hepatectomy.

The criteria we have provided in the current work are as-
sociated with HCC patient post-transplant survival at 5- and
10-year overall survival with a rate of 79.7 and 72.8, respec-
tively. At the same time, we offered a curative treatment op-
tion to an additional 27% patients to what could have been
offered using MC alone, and achieved a favorable survival
outcome by doing this. The results of the present study indi-
cate that by using Malatya criteria, patients with HCC who
have favorable outcomes can be effectively selected and
LDLT can be safely performed.

As a center which performs the highest volume of
LDLT in Turkey and Europe, we obtained 5-year survival
rate of 81.9% to the HCC patients within MC, which was

Overall Survival according to GGT_104 Overall Survival according to AFP_200

Fig. 2 Results for overall

survivals by the Kaplan-Meier 17 eereine 7 _rarpezcn
e s
method of the total cohort, re- N T ensored T Arpesog.censored
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enzyme level has been previously used in an HCC aggressive-
ness index [18-20]. A GGT level > 104 IU/mL was found to
be related with poor outcomes (Table 1). Total GGT activity is
increased in liver diseases and extrahepatic biliary tumors.
GGT levels are at the highest level in embryonic liver and
decrease to the lowest level in the postnatal period.
However, GGT is re-expressed during the formation of HCC
(onco-fetal). Blood GGT is divided into sub-fractions (I, II,
and III). II is known to be hepatoma-specific GGT (HS-GGT)
and has been used in diagnosis of HCC. GGT activity is ele-
vated in be a parameter for poor survival following LT for
HCC [21-23].

Another parameter is differentiation, which was found to
be a poor prognostic factor in our study. This factor is also
used in most of the expanded criteria [6, 7] and this contributes
to the discussion concerning the necessity for liver biopsy
before LT. However, it has also been reported that the grade
of'the differentiation can be evaluated with PET scan or can be
deduced indirectly by tumor response to LRT [24-26].

High AFP levels have been consistently shown to predict
poor prognosis after LT for HCC. Studies have shown that
AFP levels associated with a greater risk of HCC recurrence or
poor survival range from as low as 20 ng/mL to > 1000 ng/mL
[7, 14, 27]. Microvascular invasion and poor differentiation
were found to be prominent predictors of HCC recurrence. In
the criteria we have identified, poor differentiation and AFP >
200 ng/mL were associated with increased tumor recurrences
(Fig. 2).

The Malatya critera thus enabled us to extend LT to an
additional 27% of patients more than MC. With this exten-
sion, in the present study, we were able to include patients
within our Malatya criteria with resulting survival that was
comparable to MC results.

Among the various extended criteria proposals, the highest
5- and 10-year survival rates included the Malatya criteria, as
described here. We therefore propose an extension of the
criteria for transplantation for HCC to tumors up to 6 cm max-
imum diameter, and especially to patients with low serum
AFP and GGT levels.

In conclusion, Malatya criteria provide better long-time
survival for HCC patients and contains plasma GGT levels
as a new parameter and approach which is not present in the
previous extended criteria.
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