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Research article ABSTRACT
Objective: The primary aim of this study was to evaluate the predictive value of pre-transplant Alpha-fetoprotein (AFP)
levels combined with tumor morphological features (number, size, and localization) on early and late hepatocellular

History carcinoma (HCC) recurrence following liver transplantation. The secondary aim was to assess the impact of these variables,
along with tumor differentiation, vascular invasion, and response to pre-transplant locoregional therapies, on overall

Received: 15/03/2026 survival and postoperative mortality.

Accepted: 10/05/2026 Method: A total of 77 patients (M/F: 68/9, mean age 62.6) who underwent liver transplantation for HCC were

retrospectively analyzed. Preoperative AFP levels, AFP scores, radiological tumor burden, and explant pathology results
were retrieved from medical records. Primary endpoints were overall recurrence, early (12-month) and late (24-month)
recurrence rates, and overall survival. Mann-Whitney U test and Kruskal-Wallis H test were used for statistical analysis.
Results: During a mean follow-up of 1305 days, the overall recurrence rate was 19.48% (n=15). Patients with recurrence
had significantly larger maximum tumor diameters (35.13 + 11.96 mm vs. 28.03 + 17.34 mm; p=0.048) and a higher number
of tumor nodules (3.67 + 3.29 vs. 2.03 + 1.68; p=0.022). Pre-transplant baseline AFP levels were significantly higher in
patients who developed recurrence within 24 months compared to those who did not (146.99 ng/mL vs. 42.11 ng/mL;
p=0.049). Furthermore, patients who exceeded the Milan criteria had significantly higher AFP scores than those within the
criteria (3.09 vs. 1.67; p=0.032). Patients experiencing early recurrence (within 12 months) were significantly younger (57
vs. 63 years; p=0.040).

Conclusion: Preoperative AFP levels, along with increased tumor diameter and nodule count, are strong complementary

Copyright predictors of postoperative HCC recurrence. In candidate selection and post-transplant risk stratification, incorporating
m biological markers, such as AFP, alongside morphological features is crucial, rather than relying solely on traditional static
criteria.
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Boyut ve Sayinin Otesinde: Karaciger Nakli Sonrasi HCC Niiksiinii Ongérmede Nakil Oncesi
AFP ve Tiimor Morfolojisinin Tahmin Giicii

Arastirma makalesi oz

Amag: Bu galismanin birincil amaci, hepatoseliiler karsinom (HCC) nedeniyle karaciger nakli uygulanan hastalarda nakil
oncesi Alfa-fetoprotein (AFP) dlzeyleri ve timor morfolojisinin (sayi, boyut ve lokalizasyon) postoperatif donemdeki erken
Gelis: 15/03/2026 ve geg tlmor niiksii tzerindeki prediktif degerini degerlendirmektir. ikincil amacimiz ise bu degiskenlerin; timor
Kabul: 10/05/2026 diferansiyasyonu, vaskiler invazyon ve nakil 6ncesi uygulanan lokorejyonel tedavilere verilen yanit ile birlikte genel
sagkalim ve postoperatif mortalite Gzerindeki etkilerini incelemektir.
Yéntem: Kuratif amagh karaciger nakli uygulanan 77 HCC hastasi (E/K: 68/9, ortalama yas 62,6) retrospektif olarak
incelendi. Hastalarin preoperatif AFP degerleri, AFP skorlari, radyolojik timor yukleri ve eksplant patoloji sonuglari tibbi
kayitlardan elde edildi. Birincil sonlanim noktalari; genel timor niksu, 12. Ay (erken) ve 24. ay niiks oranlari ile sagkahim
sureleri olarak belirlendi. Verilerin analizinde strekli degiskenler i¢cin Mann-Whitney U testi ve kategorik degiskenler icin
Kruskal-Wallis H testi kullanildi.
Bulgular: Ortalama 1305 gtinltk takip stresince galisma kohortunda genel niks orani %19,48 (n=15) olarak saptandi. Nuiks
gelisen hastalarda, niiks saptanmayanlara kiyasla radyolojik en blyik timor ¢api (35,13 £ 11,96 mm'ye karsi 28,03 + 17,34
mm; p=0,048) ve tumor nodulu sayisi (3,67 + 3,29'a karsi 2,03 + 1,68; p=0,022) istatistiksel olarak anlamli diizeyde yuiksek
bulundu. Postoperatif 24. ayda niiks saptanan hastalarin preoperatif bazal AFP degerleri, niiks etmeyenlere gore belirgin
sekilde yuksekti (146,99 ng/mL'ye karsi 42,11 ng/mL; p=0,049). Ayrica, radyolojik olarak Milan kriterlerini asan hastalarin
ortalama AFP Skoru, kriterlere uyanlara gére anlamli derecede daha yiiksek saptandi (3,09'a karsi 1,67; p=0,032). Erken
Telif Hakki donemde (ilk 12 ay) nuks gelisen hastalarin yas ortalamasinin ise daha geng oldugu (57'ye karsi 63 yas; p=0,040) goruldu.
Sonug: Preoperatif yiiksek AFP seviyeleri, artan tiimor ¢api ve nodul sayisi ile birlikte nakil sonrasi HCC niikstiniin guiglii ve
m birbirini tamamlayan yordayicilaridir. Karaciger nakli icin hasta se¢iminde ve postoperatif niiks riskinin belirlenmesinde,
salt morfolojik 6zelliklere dayanan geleneksel kriterler yerine timor biyolojisini yansitan AFP gibi belirtegleri igeren gok
parametreli risk modellerinin kullaniimasi hayati 6nem tasimaktadir.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most common
type of cancer worldwide and the third leading cause of cancer-
related deaths.'? Liver transplantation (LT) is considered the
most effective curative treatment option in patients with early-
stage HCC because it eliminates both the tumor and the
underlying cirrhotic liver tissue.>* However, tumor recurrence
after transplantation remains one of the most significant
clinical challenges, affecting approximately 10% to 20% of
patients and severely limiting long-term survival.>®

Historically, patient selection for liver transplantation has
been based primarily on morphological features such as the
Milan criteria, which focus mainly on tumor size and number.*®
While the Milan criteria have yielded excellent post-transplant
survival rates, they are now considered overly restrictive and
are thought to exclude many patients who could benefit from
transplantation.®’” Furthermore, relying solely on static
morphological features is insufficient to fully reflect the
tumor's biological aggressiveness, which is the most critical
determinant of post-transplant recurrence.?8

To overcome the limitations of purely morphological
criteria, recent recurrence prediction models have
incorporated biological markers, primarily alpha-fetoprotein
(AFP), into their assessments.>® Pre-transplant serum AFP
levels are widely accepted as a strong predictor of tumor
differentiation and vascular invasion.>* High AFP levels and
dynamic increases in AFP during the waiting list are directly
associated with an increased risk of early and late post-
transplant recurrence.?® Accordingly, current extended criteria
and risk scores, such as the French AFP model, RETREAT, and
Metroticket 2.0, have incorporated AFP into their systems to
improve prognostic accuracy.*’

In addition to biological markers such as AFP, detailed
morphological characteristics of the tumor remain a key
element in assessing the risk of recurrence.>*° Variables such
as maximum tumor diameter, total number of nodules, and
tumor localization (e.g., unilobar or bilobar location) reflect the
total tumor burden and aggressive behavior pattern.’191!
Furthermore, the presence of microvascular and
macrovascular invasion has proven to be one of the strongest
independent predictors of poor prognosis and post-transplant
recurrence.>®  Therefore, = combining  morphological
parameters with biological markers offers the most
comprehensive approach to personalized recurrence risk
assessment.*12

The primary aim of this study is to comprehensively
evaluate the predictive value of pre-transplant AFP levels
combined with tumor morphology (number, size, and
localization) on early (12-month) and late (24-month) HCC
recurrence in patients undergoing liver transplantation.
Additionally, the secondary aim is to assess the impact of these
clinical parameters, as well as the presence of vascular
invasion, tumor differentiation, and response to pre-transplant
downstaging/bridging locoregional therapies, on overall
patient survival and early postoperative mortality. Specifically,
our study will investigate the independent and combined
effects of pre-operative baseline AFP values and AFP score,
radiological and pathological tumor count, maximum tumor
diameter, and tumor localization on early (12-month) and late
(24-month) post-transplant recurrences. Furthermore, the
relationship between factors such as the presence of vascular
invasion (arterial and portal vein invasion), patients' liver

reserve scores (Child-Pugh, MELD), response to pre-transplant
downstaging local regional therapies (Radiofrequency ablation
(RF), Transarterial chemoembolization (TACE), Transarterial
radioembolization (TARE), etc.), and poor tumor biology with
postoperative survival and recurrence rates will be analyzed
using statistical models.

Methods

Study Design

This study was designed as a retrospective cohort analysis.
The aim of the study was to evaluate the relationship between
pre-liver transplant AFP levels and clinical and laboratory
findings, tumor number, size, and postoperative HCC
recurrence in patients. This study involved a retrospective
examination of patients who underwent liver transplantation
for HCC at the Ankara Given Hospital Liver Transplantation
Center between January 1, 2013, and December 31, 2024. This
study was conducted in accordance with the Helsinki
Declaration and received ethical approval from the Cumhuriyet
University Faculty of Medicine Health Sciences Research Ethics
Committee (approval number: 2025-07/73, dated July 2025).
The committee mandated the anonymous use of all patient
data.

Study Design and Participants

This retrospective study included patients diagnosed with
HCC according to histopathological or radiological diagnostic
criteria and who underwent curative liver transplantation.
Specific inclusion criteria were used to construct the study
cohort: having been followed for at least 9 months prior to
transplantation and having undergone regular clinical check-
ups after transplantation. Furthermore, it was ensured that all
cases included had complete medical records of both
preoperative and postoperative serum AFP levels and tumor
characteristics. Prior to the study, necessary ethical committee
approvals were obtained, and only patients who had
consented to the use of their data in clinical trials or had
appropriate ethical permissions were included.

Strict exclusion criteria were applied to ensure data
reliability and group homogeneity. Patients with a history of
primary malignancy or metastasis other than HCC were
excluded from the study during their pre-transplant evaluation.
In addition, Patients who died in the early post-transplant
period or whose data were incomplete due to discontinuation
of follow-up, as well as cases where postoperative data were
unavailable due to severe post-transplant complications or
similar reasons, were excluded from the evaluation. Patients
with missing data on serum AFP levels or tumor parameters
(size, number, etc.), which constitute the main variables of the
analyses, were also excluded from the study.

Data Collection and Analysis Parameters

In our study, patient records were retrospectively
reviewed, and the obtained variables were grouped under the
following main headings:

Demographic and Clinical Characteristics: Patients' age,
gender, blood group, body mass index (BMI), presence of
diabetes mellitus (DM), etiology of liver disease (HBV, HCV,
alcohol, cryptogenic, etc.), preoperative ascites, and
encephalopathy status.

Laboratory and Risk Scores: MELD and Child-Pugh scores
indicating pre-transplant liver function; creatinine, bilirubin,
International normalized ratio (INR), sodium (Na), albumin,
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Aspartate aminotransferase (AST), Alanine aminotransferase
(ALT), Alkaline phosphatase (ALP), Gama-Glutamyl
Transpeptidase (GGT), lactic dehydrogenase (LDH), platelet
(PLT), and hemoglobin (HGB) values. AFP values (continuous
variable and in subgroups) and the AFP Score were recorded as
the main parameters. As the pre-transplant AFP value, the last
serum AFP levels measured immediately prior to
transplantation surgery were included in the analysis. The 'AFP
Score' used in our study to determine the morphobiological risk
is based on the widely accepted French AFP model (Duvoux
score) .” In this scoring system, patients were evaluated based
on the sum of three parameters: the largest tumor diameter
(£3 cm: 0 points, 3-6 cm: 1 point, >6 cm: 4 points), the number
of tumor nodules (1-3 nodules: 0 points, 24 nodules: 2 points),
and the last preoperative AFP level (<100 ng/mL: O points, 100-
1000 ng/mL: 2 points, >1000 ng/mL: 3 points). The total AFP
score was calculated to perform the risk stratification of the
patients.

Tumor Characteristics and Treatment: Specifically, we
clarified that tumor recurrence was diagnosed primarily based
on radiological findings (contrast-enhanced CT or MRI)
demonstrating typical enhancement patterns (arterial
hyperenhancement and venous/delayed washout) during
routine follow-ups. Biopsy was only utilized in cases where
imaging results were inconclusive. Furthermore, we explicitly
defined "early recurrence" as recurrence occurring within the
first 12 months post-transplantation, and "late recurrence" as
recurrence occurring between 12 and 24 months or later, to
ensure consistency throughout the manuscript.

Compliance with radiological Milan criteria, pre-transplant
locoregional treatments (RF, TACE, TARE), and response to
these procedures were evaluated. Explant data included
maximum tumor diameter, tumor number, tumor
differentiation (good, moderate, or poor), and arterial and
portal vein invasion.

Operative Findings and Endpoints: Graft and recipient
weights (GRWR), total operation time, intraoperative blood
products (erythrocyte suspension (E), fresh frozen plasma
(FFP), PLT), intensive care unit and hospital stay durations. The
primary endpoints of the study were 90-day mortality, overall
survival, and tumor recurrence at 12 to 24 months
postoperatively.

Statistical Analysis

SPSS version 27.0 program was used in the analysis of the
data. Statistical data were presented as percentages,
frequencies, means, standard deviations, and IQRs, and
normality was assessed using histogram graphs and the
Kolmogorov-Smirnov test. The Mann-Whitney U test and the
Kruskal-Wallis H test were used for comparison analyses.
Correlation analysis was performed to compare continuous
variables.

Results

Categorical variables related to the basic demographic,
clinical, and tumor characteristics of the patients included in
the study are summarized in Table 1. In the study, which
evaluated 77 patients, the vast majority were male (88.31%),
and the most common blood group was A (46.75%). Hepatitis
B virus (HBV) infection (54.55%) was the most common
etiology of underlying liver disease, followed by other causes
(15.58%), Hepatitis C virus (HCV) (10.39%), and cryptogenic
factors (10.39%). Preoperative diabetes mellitus (DM) was

found in 52.17% of the cases, while preoperative
encephalopathy was found in 87.01%, and clinically significant
ascites was not found in 59.74%. According to preoperative
radiological evaluation, 84.93% of patients met the Milan
criteria. In terms of tumor biology (differentiation), 60.87% of
patients were reported as moderately differentiated, 28.99%
as poorly differentiated, and 10.14% as well-differentiated.
When biological markers were examined, a large proportion of
patients (66.23%) had preoperative AFP levels in the <20 ng/mL
range. Furthermore, the rate of patients responding to
preoperative bridging or downstaging local treatments (RF,
TACE, TARE) was 32.47%. Early mortality at 90 days of follow-
up was observed to be 3.90%, and overall tumor recurrence
occurred in 19.48% of cases. Of these recurrences, 6.49%
occurred within the first 12 months (early recurrence) and
14.29% within the first 24 months.

Table 1. Demographic and Clinical Features of the Patients.

n (%)

Patient survival Alive 57 (74,03)
Ex 20 (25,97)
B S
Female 9(11,69)
0 22 (28,57)
Blood type A 36 (46,75)
B 14 (18,18)

AB 5 (6,49)

No

46 (59,74)

Treatment- sensitive 14 (18,18)
Treatment- resistant 17 (22,08)

- fotz9
Yes 10(12,99)

Negative 32 (41,56)
Positive 45 (58,44)

Negative 28 (65,12)
Positive 15 (34,88)

Negative 68 (89,47)
Positive 8(10,53)

Cryptogenic 8(10,39)

HBV 42 (54,55)

Etiology HCv 8(10,39)

HBV + HDV 3(3,9)

Alcohol 4(5,19)

Others 12 (15,58)

<20 51 (66,23)

AFP (ng/mL) 21-99 16 (20,78)
100-499 7(9,09)

500-999 3(3,9)

Yes 13 (17,11)

Yes 3(3,95)

Beyond 11 (15,07)

Yes 15 (20,27)

- st
Yes 15 (20,27)

- 1o
Yes 4(5,41)

The downstage No 52 (67,53)

G1 7(10,14)

G3 20 (28,99)

- ot
Yes 36 (52,17)

Yes 3(3,9)

- ot
Yes 15 (19,48)

- S
Yes 5(6,49)

Recurrence (24 months) No 66 (85,71)

Data are presented as number (%). n: number; %: Distribution percentage; HBs Ag: Hepatitis
B Surface Antigen; HBV DNA: Hepatitis B virus (HBV) DNA; Anti HCV: Anti-hepatitis C viris;
AFP: Alfa Fetoprotein; RF: Radiofrequency ablation; TACE: Transarterial chemoembolization;
TARE: Transarterial radioembolization; DM: Diabetes mellitus.
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Descriptive statistics of continuous variables for the
preoperative, perioperative, and postoperative periods of the
study cohort are presented in Table 2. The mean age of the
patients at the time of transplantation was 62.65 * 6.95 years,
and the mean body mass index (BMI) was 27.67 + 3.76 kg/m?.
The mean MELD score, indicating preoperative liver functional
reserve, was 20.51 + 5.96, while the mean Child-Pugh score was
6.91 + 2.05. According to explant pathology findings, the mean
largest tumor diameter in the patients was 29.42 + 16.6 mm,

was 1.95 + 2.21. When surgical and hospital stay processes
were examined, the mean operation time was 528.05 + 96.09

to follow-up data, the overall survival time was 1305.7 + 917.34
days, and the mean time to recurrence was 497.08 + 401.12
days.

Table 2. Descriptive Statistics of Continuous Variables from
Clinical and Biochemical Parameters.

MeaniSD Middle (Min.-Max.)

ST 1305,74917,34 1251 (0-3155)
Age 62,65+6,95 64 (37-73)
1002,27+266,57 964 (574-1750)
79,15+12,31 76 (57-114)
I I 128:0,35 1,26 (0,73-2,54)
169,04+6,84 170 (151-185)
[ 27,6743,76 26,96 (21,72-39,04)
0,83£0,26 0,77 (0,5-2,38)
2,5243,45 1,5 (0,31-20,92)
T 1442033 1,39 (0,99-2,9)
136,73£4,38 137 (125-146)
3,2740,66 3,2(2-4,7)
T 20/51:5,96 24 (6-29)
6,91+2,05 6(5-12)
3,95¢4,9 2(0-27)
3,5143,1 3(0-14)
1,08£2,12 0(0-8)
1,042,18 0(0-10)
29,42+16,6 30 (1-80)
2,3512,16 1(1-11)
57,09£129,51 9,7 (1-682)
1,95¢2,21 1(0-8)
67,28+69,93 46 (17-476)
43,64+33,84 31,5 (10-167)
141,31£68,45 127 (17-351)
93,43+72,22 66,5 (12-277)
230,76+64,04 222 (87-469)
12,26+2,37 12,5 (6,9-17,2)
101,2+54,86 93 (29-364)
528,05+96,09 535 (310-905)
2,1943,48 1(1-29)
18,04£10,42 15 (5-68)
Recurrence during follow-up 497,08+401,12 411 (130-1373)

(C))

Data are presented as mean + SD or Median (Min.-Max.). GRWR: Graft-to-recipient weight
ratio; BMI: Body mass index; INR: International normalized ratio; Na: Sodium; MELD:
Model for end-stage liver disease; Child scor; Child-Pugh-Turcotte score; E: Erythrocyte;
FFP: Fresh frozen plasma; PLT: Platelet; AFP: Alfa Fetoprotein; AST: Aspartate
aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT:
Gama-Glutamyl Transpeptidase; LDH: lactic dehydrogenase; HGB: Hemoglobin; ICU:
Intensive care unit: ICU: Intensive care unit.

Table 3 shows the comparison of preoperative crude AFP
levels across various clinical, demographic, and tumor-related

significant relationships between preoperative AFP levels and
key parameters, including overall recurrence, 12-month

recurrence, patient survival, etiology, tumor differentiation
(biology), and vascular invasion (artery/portal vein) (p>0.05).
However, the mean preoperative AFP levels of patients who
experienced recurrence at 24 months postoperatively (146.99
+ 211.13 ng/mL) were statistically significantly higher than
those who did not experience recurrence at 24 months (42.11
+105.64 ng/mL) (p=0.049). Although a borderline difference in
AFP elevation was observed between patients who responded
to and those who did not respond to pre-transplant TACE, this
difference did not reach statistical significance (p=0.053).

Table 3. Comparison of AFP Values According to Categorical
Variables

AFP Z/xX? p
Alive 44,24+109,87  -1,080* 0,280
Ex 93,73+172,06
m Male 56,08+132,73  -0,317* 0,751
Female 64,77+108,28
0 101,62+174,15 1,701** 0,637
Blood type A 46,96+123,54
B 22,44+43,25
AB 31,16+54,53
No 41,88+90,65 - 0,457
Preoperative Treatment- 97,79+226,69  0,743**
ascites sensitive
Treatment- 64,75+112,39
resistant

Preoperative No 50,99+118,92
encephalopathy Yes 97,98+189,22

Negative 66,74+127,73  -0,114* 0,909
Positive 50,23+131,76

Negative 18,96+30,02  -1,860* 0,063
Positive 68,5+148,13

Negative 45,24+114,46  -1,523* 0,128
Positive 164,54+204,32

Cryptogenic 34,65+77,81 6,499** 0,261
HBV 50,55+136,3
Etiology HCV 164,54+204,32
HBV + HDV 45,67+32,62
Alcohol 24,53+26,07
Others 37,02+77,83

No 51,81+126,19  -0,648* 0,517
Yes 69,68+145,78

No 55,68+131,42

invas Yes 34,9+20,87

Within 54,27+127,39

Beyond 66,95+157,81

“ No 60,43+138,81

Yes 50,77+103,69

No 48,15+110,83

Yes 99,05+193,81

No 58,09+133,74

yes 65,2+107,88

-1,454* 0,158
-0,887* 0,375
-0,524* 0,600
-0,303* 0,762

-0,275* 0,791

Downstage No 63,31£144,95 -0,316* 0,752
procedure Yes 44,16+90,62
response

G1 28,57£32,58 2,062** 0,357
Tumour biology G2 47,331£125,64

G3 95,45+168,26

No 49,62+124,15  -0,390* 0,696
Yes 68,36+144,49
Alive 58,44+131,87
days) Ex

23,93430,53

No 44,46+108,62
Yes 109,32+189,8

Recurrence No 45,08+103,06

(12 s) Yes 230,08+300,25

Recurrence No 42,11+105,64
(24 months) Yes 146,99+211,13
Data are presented as mean + SD; *Z: Mann Whitney U test; **X2: Kruskal-Wallis H test;
p: Significance (<0.05). AFP: Alfa Fetoprotein; HBs Ag: Hepatitis B Surface Antigen; HBV
DNA: Hepatitis B virus (HBV) DNA; Anti-HCV: Anti-hepatitis C virlis; RF: Radiofrequency
ablation; TACE: Transarterial chemoembolization; TARE: Transarterial radioembolization;

DM: Diabetes mellitus.

-0,092* 0,931
-0,881* 0,378
-1,178* 0,251

-1,973* 0,049
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When the relationship between AFP scores (combining
morphological tumor burden and AFP value) and categorical
variables was examined (Table 4), a significant difference was
observed between patients within and outside the Milan
criteria. The mean AFP score of patients exceeding the Milan
criteria (3.09 + 2.34) was statistically significantly higher
compared to patients within the Milan criteria (1.67 + 2.07)
(p=0.032). No statistically significant difference was found
between AFP scores and other demographic characteristics,
survival status, presence of vascular invasion, tumor biology,
and general and specific (12th and 24th month) recurrence
status (p>0.05).

Table 4. Analysis of AFP Score According to Categorical
Variables.

AFP Score Z/X? p

Patient survival Alive 1,88%2,3 -1,274* 0,202
Ex 2,15+1,98

“ Gender 1,93+2,2  -0,175* 0,861
Female 2,1142,42

Blood type 0 2,27+2,14  1,816** 0,611
A 1,86+2,22
B 1,71#2,52
AB 1,8+1,92

Preoperative ascites No 1,98+2,25 -0,261* 0,794
Treatment- 1,714£2,33

sensitive
Treatment- 2,06+2,11
resistant

Preoperative No 1,98+2,28

Negative 2,194¢2,36  -0,680* 0,497
Positive 1,77+2,1

Negative 1,07+1,44  -1,379* 0,168
Positive 2,27+2,34

Negative 1,88+2,2  -0,940* 0,347
Positive 2,63+2,45

Etiology Cryptogenic 2,6312,5 2,198** 0,821
HBV 1,81+2,14
Hcv 2,63+2,45
HBV + HDV 140
Alcohol 2,25+2,06
Others 1,58+2,47

No 1,77+2,14  -1,268* 0,205
Yes 2,38+2,18

No 1,88+2,15  -0,102* 0,934
Yes 212,83

Within 1,67#2,07 -2,146* 0,032
Beyond 3,09+2,34

_ No 1,98+2,21  -0,239* 0,811
Yes 1,86+2,38

No 1,76+2,22  -1,933* 0,053
Yes 2,79+2,12

No 1,91#2,18  -0,589* 0,588
Yes 343,61

No 1,85+2,13  -0,381* 0,703
procedure Yes 2,1742,41

Tumour G1 2+1,91 0,012** 0,994
biology G2 2+2,3
G3 1,9+2,07

No 2,33+2,42  -0,451* 0,652
Yes 1,75+1,9

Sag 1,9+2,22  -1,117* 0,301
Ex 3+1,73

No 1,79+2,14  -1,444* 0,149
Yes 2,612,44

No 1,89+2,17  -0,888* 0,402
(12 months) Yes 2,8+2,77

Recurrence No 1,8242,19 -1,526* 0,127

Data are presented as mean + SD; *Z: Mann Whitney U test; **X2: Kruskal-Wallis H test; p: Significance
(<0.05). AFP: Alfa Fetoprotein; HBs Ag: Hepatitis B Surface Antigen; HBV DNA: Hepatitis B virus (HBV)
DNA; Anti-HCV: Anti-hepatitis C viriis; RF: Radiofrequency ablation; TACE: Transarterial
chemoembolization; TARE: Transarterial radioembolization; DM: Diabetes mellitus.

Table 5. Comparison of Continuous Variables According to HCC
Recurrence Status.

HCC Recurrence Status

No Yes
Z p
Survival (d) 1408,44+943,8  881,07+668,73  -1,762 0,078
62,89+6,91 61,6747,27 0,715 0,475
Graft weight 992,46+260,58  1042,8+296,16  -0,495 0,620
(gr)
Recipient 79,31+12,84 78,47+10,17 -0,148 0,882
weight (kg)
PETT 1,27+036 1,3310,33 0,643 0,520
Recipient 168,74+6,36 170,27+6,82 0,316 0,752
height (
27,82+3,91 27,05+3,12 0,418 0,676
0,8340,26 0,8340,22 0,393 0,695
)
2,46£3,42 2,763,67 0,238 0,812
(mg/
PITE 145034 1,37+0,3 0,926 0,354
136,98+4,4 135,67+4,25 0,961 0,337
Albiimin 3,2340,61 3,42+40,85 -0,960 0,337
(
PEDETE 20,6145,88 20,07+6,46 0,250 0,803
6,86+1,99 7,0742,31 0,121 0,904
Perop 4,06+5,1 3,4744,1 0,288 0,774
Transfusion E
(V)
Perop 3,79+3,25 2,4+2,16 -1,441 0,150
Transfusion
FFP (U)
Perop 1,07+2,11 1,13+2,23 0,201 0,841
Transfusion
PLT (U)
Peroperative 1,03+2,21 1,12+2,16 -0,259 0,796
ascites (L)
Largest tumor 28,03+17,34 35,13+11,96 -1,981 0,048
diameter
(mm)
3,6743,29 -2,297 0,022

Number of 2,03+1,68
tumors

AFP (ng/ml) 44,46+108,62

109,32+189,8 -0,881 0,378

AFP Score 1,79+2,14 2,612,44 -1,444 0,149

Preoperative 96,91145,16 120,05485,53 -0,476 0,634
PLT 1079/L

62,91153,44 86,08+£118,96 -0,760 0,447

42,89+33,04 46,92+38,42 -0,567 0,571

137,42+68,08 158,38+70,17 -1,420 0,156

92,37+70,2 98,08+83,44 -0,053 0,958

233,73166,73 218,23+51,48 -0,600 0,548

Preoperative 12,24+2,46 12,32+2,03 -0,038 0,970
HGB (g/dL)

Total surg 533,08+97,05 507,27+92,24 -0,489 0,625

time(
ICU stay(d) 2,443,84 1,3310,62 -1,387 0,165
i 13,6%3,91 -1,548 0,122

Hospital stay 19,11+11,21
(d)

Data are presented as mean * SD; Z: Mann-Whitney U test; p: Significance (<0.05). HCC:
Hepatocellular carcinoma; GRWR: Graft-to-recipient weight ratio; BMI: Body mass index; INR:
International normalized ratio; Na: Sodium; MELD: Model for end-stage liver disease; Child score; Child-
Pugh-Turcotte score; E: Erythrocyte; FFP: Fresh frozen plasma; PLT: Platelet; AFP: Alpha-fetoprotein; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-
Glutamyl Transpeptidase; LDH: Lactic dehydrogenase; HGB: Hemoglobin; ICU: Intensive care unit.

Comparative Analysis of Patients with and without Tumor
Recurrence. Preoperative and operative continuous variables
of patients with and without overall recurrence throughout the
follow-up period are compared in Table 5. In the group with
recurrence (n=15), both the radiologically measured maximum
tumor diameter and the total number of tumor nodules were
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significantly higher compared to the group without recurrence
(n=62). The mean maximum tumor diameter in patients with
recurrence was 35.13 + 11.96 mm, while in those without
recurrence it was 28.03 + 17.34 mm (p=0.048). Similarly, the
mean number of tumors was 3.67 + 3.29 in those with
recurrence, while it was 2.03 + 1.68 in those without
recurrence (p=0.022). No significant differences were found
between the recurrence and non-recurrence groups in terms
of MELD/Child scores, operation times, blood product
transfusion amounts, and preoperative laboratory parameters
(ALT, AST, bilirubin, INR, etc.) (p>0.05). When patients with
early recurrence (within the first 12 months) (n=5) and those
without (n=72) were analyzed in terms of continuous variables
(Table 6), it was found that the mean age of patients with
recurrence within 12 months (57 + 5.96 years) was statistically
significantly younger than those without recurrence (63.04 +
6.88 years) (p=0.040). As expected, the overall survival time of
patients with early recurrence within 12 months (mean 381.4
+ 154.6 days) was dramatically and statistically significantly
shorter compared to those without recurrence (1369.89 +
913.8 days) (p=0.022). No significant differences were found
between the groups in terms of tumor size (p=0.425), tumor
number (p=0.130), and preoperative AFP (p=0.239) values in
the first 12-month recurrence.

When patients with recurrence detected within the first 24
months postoperatively were evaluated (Table 7), the mean
number of tumor nodules in the preoperative radiological
evaluation of the recurrence group (n=11) (4 * 3.49) was found
to be statistically significantly higher compared to those
without recurrence (2.08 + 1.75) (p=0.013). Supporting the

findings in Table 3, the preoperative baseline AFP values of
these patients who recurred within 24 months (146.99 +
211.13 ng/mL) were also significantly higher than those
without recurrence (42.11 + 105.64 ng/mL) (p=0.049). In
addition, survival time was significantly shorter in the group
that developed recurrence at 24 months (559.27 + 231.9 days)
compared to the group that did not develop recurrence
(1430.11 £ 930.4 days) (p=0.007).

Discussion

Although liver transplantation (LT) is one of the most
effective curative options in the treatment of HCC, eliminating
both the tumor and the underlying diseased liver tissue,
postoperative tumor recurrence remains the biggest clinical
challenge limiting survival.? It is reported that approximately 8-
20% of patients who undergo transplantation for HCC
worldwide experience recurrence.>!*> While the Milan criteria,
historically based on morphological parameters, have been
considered a gold standard for reducing the risk of recurrence,
they may be insufficient to reflect the tumor's biological
behavior and may exclude patients who could benefit from
transplantation.®® In this context, our study's findings strikingly
demonstrate the critical role of both morphological and
biological factors in predicting postoperative recurrence. In our
cohort, the overall recurrence rate was 19.48%, consistent with
the literature. Patients with recurrence had statistically
significantly higher radiological maximum tumor diameters
(35.13 mm vs. 28.03 mm) and tumor nodule counts (3.67 vs.
2.03) than those without recurrence.

Table 6. Comparison of Continuous Variables According to Relapse Status at 12-Month Follow-up.

Recurrence at 12-month follow-up

No
Survival (d) 1369,89+913,83

63,0416,88
993,99+262,93
78,9412,62
BT 12s:035
168,89:6,76
TR 2763:3.79
0,82t0,25
2,3813,2
DT 1442033
136,82£4,33
3,27:0,66
| MEDscore  [REPTEEEECN
6,85£1,96
3,88:4,83
3,6213,11
1,0742,1
1,1242,24
29,1+16,73
2,2442,01
45,08+103,06
1,8942,17
100,53:55,44
61,58£50,35
41,95¢31,32
140,46£70,57
91,43+70,46
232,02464,39
12,26+2,42
531,17492,99
2,2843,58

Yes
381,4+154,61 -2,295 0,022
5745,96 -2,050 0,040
1121,44322,63 -0,951 0,342
82,14+6,23 -0,900 0,368
1,36+0,35 -0,806 0,420
171,2+8,32 -0,694 0,488
28,243,61 -0,382 0,702
0,98+0,25 -1,697 0,090
4,51+6,19 -0,248 0,804
1,32+0,4 -1,282 0,200
135,445,46 -0,539 0,590
3,260,74 -0,435 0,664
20,216,94 -0,241 0,810
7,613,21 -0,127 0,899
56,4 -0,242 0,809
242,83 -1,231 0,218
1,2+2,68 -0,323 0,747
0,02+0,04 -1,093 0,274
34+15,57 -0,798 0,425
443,67 -1,515 0,130
230,08+300,25 -1,178 0,239
2,8+2,77 -0,888 0,374
109,92+51,46 -0,399 0,690
140,2+189,86 -0,915 0,360
65,6+58,42 -0,935 0,350
152,4431,22 -1,129 0,259
119,4498,13 -0,627 0,530
215+63,92 -0,294 0,769
12,28+1,83 -0,034 0,973
483,2+138,76 -0,765 0,444
110 -1,819 0,069
13,645,5 -1,037 0,300

Data are presented as mean + SD; Z: Mann-Whitney U test; p: Significance (<0.05). HCC: Hepatocellular carcinoma; GRWR: Graft-to-recipient weight ratio; BMI: Body mass index; INR: International normalized ratio;
Na: Sodium; MELD: Model for end-stage liver disease; Child score; Child-Pugh-Turcotte score; E: Erythrocyte; FFP: Fresh frozen plasma; PLT: Platelet; AFP: Alpha-fetoprotein; AST: Aspartate aminotransferase; ALT: Alanine
aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-Glutamyl Transpeptidase; LDH: Lactic dehydrogenase; HGB: Hemoglobin; ICU: Intensive care unit.
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More importantly, at 24 months of follow-up, patients with
recurrence had significantly higher preoperative baseline AFP
values (146.99 ng/mL vs. 42.11 ng/mL), and patients exceeding
the Milan criteria radiologically had significantly higher AFP
scores than those within the Milan criteria.

Table 7. Comparison of Continuous Variables According to
Relapse Status at 24-Month Follow-up.

Recurrence at 24-month follow-up

Ort.+S.S. Ort.1S.5. z P
el 4| 1430,11#930,4  559,27+231,95 -2,693 0,007
Yas 63+6,84 60,55+7,59 -1,217 0,223
e 999,81+270,32 1017+254,58 -0,364 0,716
79,32+12,6 78,1+10,9 -0,058 0,954
1,28+0,37 1,340,26 -0,641 0,522
168,92+6,97 169,73+6,21 -0,139 0,890
27,76%3,79 27,11+3,68 -0,400 0,689
0,8340,26 0,8740,23 -0,940 0,347
Biliriibin 2,4143,33 3,17+4,22 -0,298 0,765
1,44+0,33 1,4+0,34 -0,444 0,657
137,03+4,3 134,91+4,64 -1,357 0,175
3,29+0,65 3,140,73 -0,467 0,641
MELD 20,8245,75 18,64+7,07 -1,025 0,305
6,81+1,94 7,36£2,58 -0,397 0,691
Operasyonda 3,89+4,99 4,27+4,54 -0,555 0,579
verilen ES
Operasyonda 3,714£3,23 2,36+1,96 -1,215 0,225
verilen TDP
Operasyonda 1,06+2,09 1,18+2,4 -0,100 0,920
verilen PLT
1,01+2,16 1,25+2,4 -0,025 0,980
28,41+16,99 35,45+13,13 -1,650 0,099
2,08+1,75 443,49 -2,481 0,013
sa
[T 42,114105,64  146,99+211,13 -1,973 0,049
1,82+2,19 2,7342,28 -1,526 0,127
Preoperatif 98,52+45,7 115,6491,58 -0,169 0,865
Preoperatif 62,28+52,65 93,64+128,64 -1,000 0,317
Preoperatif 42,59+32,52 49,27+41,53 -0,589 0,556
Preoperatif 136,61+67,89 166,55+69,08 -1,775 0,076
92,98+70,39 95,82+85,08 -0,161 0,872
GGT
233,82+66,58 214,91+48,17 -0,658 0,511
LDH
Preoperatif 12,26%2,5 12,25+1,61 -0,065 0,949
plam OP 532,67+94,51  500,36+105,49 -0,590 0,555
esi dk
18,68+11,02 14,18+4,02 -0,905 0,365
S
1,18+0,4 -1,777 0,076

i
ICU yat 2,3613,73
siiresi giin

Data are presented as mean * SD; Z: Mann-Whitney U test; p: Significance (<0.05). HCC:
Hepatocellular carcinoma; GRWR: Graft-to-recipient weight ratio; BMI: Body mass index; INR:
International normalized ratio; Na: Sodium; MELD: Model for end-stage liver disease; Child score; Child-
Pugh-Turcotte score; E: Erythrocyte; FFP: Fresh frozen plasma; PLT: Platelet; AFP: Alpha-fetoprotein; AST:
Aspartate aminotransferase; ALT: Alanine aminotransferase; ALP: Alkaline phosphatase; GGT: Gamma-
Glutamyl Transpeptidase; LDH: Lactic dehydrogenase; HGB: Hemoglobin; ICU: Intensive care unit.

In our study, the significantly higher number of tumor
nodules and the largest tumor diameter in the recurrent group
are consistent with the existing literature supporting the
predictive effect of increased tumor burden on a poor
postoperative prognosis.®’ The Milan criteria (single nodule <5
c¢cm or £3 nodules, each £3 cm) and subsequent models, such as
Metroticket 2.0 or UCSF are based on a combination of tumor
diameter and number. Current studies have proven that
increased tumor size and nodule number are directly

associated with aggressive biological features such as
intratumoral hypoxia, heterogeneity, and microvascular
invasion (MVI), and with an increased risk of circulating tumor
cells.’ Indeed, in our study, the high average number of tumor
nodules (4) in patients with recurrence, especially at 24
months, confirms that the high tumor burden detected
radiologically is a strong predictor of extrahepatic
micrometastases that are present at the pathological level but
not visible to the naked eye.?>6

The limitations of predicting recurrence solely on
morphological parameters have made the integration of
biological markers, such as AFP, into risk models a necessity for
the medical community.>’ In our study, the significantly higher
preoperative baseline AFP levels of patients who developed
recurrence at 24 months once again prove that AFP is an
independent variable reflecting tumor biology and
aggressiveness. In the literature, it is clearly emphasized that
exceeding the thresholds of 400 ng/mL or 1000 ng/mL pre-
transplant AFP levels increases the risk of postoperative
recurrence by 3-4 times and shows a strong correlation with
vascular invasion.”'”18 |n addition, the statistically higher "AFP
score" found in the group exceeding the Milan criteria in our
study (p=0.032) supports the clinical validity of the "AFP model
(Duvoux score)" developed by French researchers and
exceeding the Milan criteria.”!® These data indicate that
scoring systems combining tumor size/number with AFP values
are essential for accurately stratifying patients on the
transplant waiting list.

When examining the characteristics of early relapses
following liver transplantation, a significant finding in our study
was the significantly younger average age of patients who
developed relapses within the first 12 months (63 years vs. 57).
Literature data show that a large proportion of post-transplant
relapses (approximately 70%) occur within the first 2 years
following transplantation ("early relapse"), and that this is due
to "occult" micrometastases located in the circulation or other
organs before transplantation, rather than new tumor
formation (de novo).?> It is possible that immune tolerance
and a more aggressive tumor phenotype in younger patients
may predispose them to this situation. In addition, the fact that
the overall survival times of patients who developed early
(12th month) and 24th month recurrence were dramatically
and significantly shorter compared to those who did not
develop recurrence in our study is in complete parallel with the
devastating morbidity of post-transplant HCC recurrence and
global data showing that the median survival generally remains
around one year.

The relationship between locoregional bridging and
downstaging therapies applied to patients on the transplant
waiting list due to HCC and AFP dynamics is one of the focal
points of current transplant oncology.>*® In the literature, it is
stated that the response to treatments such as TACE or
ablation during the waiting period (mRECIST criteria) and the
decrease in the "AFP slope" (rate of change of AFP) provide an
immediate and extremely valuable idea about the patient's
tumor biology and directly affect the risk of recurrence.%®
Although statistical significance was not reached in terms of
preoperative AFP elevation between patients who responded
to TACE treatment and those who did not in our study, it
remained at a very close boundary (p=0.053); this clinical trend
emphasizes how valuable it is to monitor biological markers as
a "dynamic" process rather than a "static" number before
surgery in terms of recurrence prediction.?®
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The main limitations of this study are its single-center,
retrospective design, relatively small sample size (n=77), and
limited number of recurrences (n=15), which restricted the
power of some statistical analyses and the generalizability of
the results. Furthermore, the inability to fully evaluate next-
generation biomarkers such as PIVKA-II or liquid biopsy, the
dynamic AFP slope in the waiting list, and postoperative
immunosuppressive treatment regimens in our dataset are
other shortcomings. Despite these limitations, our study clearly
demonstrates the strong predictive value of high preoperative
AFP levels and increased tumor burden for post-transplant
recurrence, supporting current risk models. The results
obtained need to be validated with larger, multicenter,
prospective studies.

Conclusion

This study confirms that preoperative AFP levels, tumor
diameter, and nodule number are complementary, vital
prognostic factors in predicting early and late postoperative
tumor recurrence in patients undergoing liver transplantation
due to hepatocellular carcinoma. Using multiparameter
approaches that also consider tumor biology, such as AFP level
and AFP scoring, rather than traditional criteria that focus
solely on tumor size, will ensure both organ allocation to the
most appropriate candidates (organ fairness) and minimize the
risk of recurrence. Patients with a high tumor burden and high
AFP levels should necessarily be included in a much stricter
radiological and serological surveillance program in the
postoperative period. In the future, the more widespread
integration of advanced, dynamic predictive models, such as
artificial intelligence powered by modern machine learning
algorithms, into clinical practice may further enable
personalized survival strategies in post-transplant recurrence
management.
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