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Abstract

Background: TheMilan criteria are recommended to select hepatocellular carcinoma

(HCC) patients for liver transplantation (LT). The utility of other selection criteria,

such as the alpha‐fetoprotein‐adjusted‐to‐HCC‐size (AFP‐UTS) criteria, is still

unclear.

Objective: We investigated, in HCC patients who underwent LT, the survival and

the recurrence after LT according to AFP‐UTS and Milan criteria, the impact of early

recurrence and the correlation between radiological and pathological staging.

Methods: Adult HCC patients undergoing deceased donor LT at the Medical Uni-

versity of Vienna between 1997 and 2014 were retrospectively analysed.

Results: Among 166 patients included, the number of patients who fulfilled Milan or

AFP‐UTS criteria was the same (139 [84%] each), although not all of them were the

same individuals; 127 patients (77%) fulfilled both Milan and AFP‐UTS criteria. Me-

dian overall survival of patients within AFP‐UTS was 126.9 versus 34.2 months

outsideAFP‐UTS (5‐year survival rate 71%vs. 43%; p=0.104). The 5‐year recurrence
rate was significantly lower in patients fulfilling the AFP‐UTS criteria (18%) than in

those exceeding AFP‐UTS (64%; p < 0.001). Of the 139 patients within Milan criteria

on imaging, 24 (17%) had microvascular invasion and 47 (34%) were outside Milan

according to explant histology. Early recurrence correlated with AFP‐UTS and was

associated with dismal survival (median overall survival 17.2 vs. 122.1 months,

p = 0.002).

Conclusions: The overall survival of patients within AFP‐UTS criteria was favour-

able with a 5‐year survival rate above 70%. Early recurrence is associated with

worse survival after LT. The AFP‐UTS criteria may be more suitable to exclude

patients at high risk of (early) recurrence than Milan criteria.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the seventh most common type of

malignant tumour, with a steadily growing incidence rate, and is the

fourth most frequent cause of cancer‐related death.1 HCC mostly

develops in cirrhotic patients and is the most frequent cause of death

in this group.2–4 For selected patients, liver transplantation (LT) is the

most suitable treatment option as it cures both underlying liver

cirrhosis and HCC.5

As patients need to be on immunosuppression after LT, HCC

recurrence usually results in poor prognosis.6 In particular, early

recurrence, defined as recurrence diagnosed within the first

12 months after LT, was a strong predictor for dismal survival after

LT.7 Unfavourable survival rates in the early years of LT for HCC8–11

necessitated the definition and application of stricter criteria for

patient selection in order to diminish the recurrence rate by mini-

mising the risk of vascular invasion and micrometastases at the time

of LT. Nowadays, the “Milan” or “Mazzaferro” criteria (1 tumour

≤5 cm or 3 tumours ≤3 cm)12 are applied by most liver transplant

centres in Europe.13 Consequently, outcome has decisively improved

and survival rates similar to those of patients transplanted for non‐
malignant indications (over 70% at 5 years) have been reported.12,14

As the Milan criteria are very strict and thus exclude a large number

of patients from LT, there is an ongoing discussion about broadening

the selection criteria for LT in HCC or adapting them by including

surrogate parameters for tumour biology.15–19

Yao and colleagues proposed the so‐called “UCSF criteria” (1

nodule ≤6.5 cm, or ≤3 nodules ≤4.5 cm and total tumour diameter

≤8 cm) and reported a 5‐year survival rate of 75% for patients

fulfilling them, but subsequent studies showed lower survival

rates.18,20 In 2009, Mazzaferro et al.15 published the so‐called “Up

To Seven criteria”, which allow LT for patients whose sum of the

number of HCC nodules plus the size of the largest nodule does

not exceed 7. They also proposed the ‘Metroticket’—a prognostic

model based on tumour number and size according to explant

pathology that estimates the probability of 3‐year and 5‐year
survival for a specific patient.15 Other groups proposed selection

criteria that incorporate alpha‐1‐fetoprotein (AFP), a surrogate

marker for tumour biology and strong predictor for recurrence and

survival after LT, for example in combination with Milan criteria21

or total tumour volume.22 A recent study compared various se-

lection criteria, including criteria that incorporate AFP, by retro-

spective analysis and found that the outcome would have been

very similar to the Milan criteria regardless of which criteria were

used.23

In 2017, the “Metroticket” was updated to allow evidence‐based
pre‐transplant evaluation of posttransplant outcome by means of

radiological assessment of tumour number and size as well as AFP.24

Based on the “Metroticket 2.0” calculation model, the “AFP‐adjusted‐
to‐HCC‐size” (AFP‐UTS) criteria (“Up To Seven” for AFP <200 ng/ml,

“Up To Five” for AFP 200–400 ng/ml and “Up To Four” for AFP 400–

1000 ng/ml) were proposed for patient selection.24

In this study, we investigated recurrence and survival after LT for

HCC according to AFP‐UTS and Milan criteria, and evaluated the

correlation between radiological staging before LT and pathological

staging on explant histology. We also assessed risk factors for early

recurrence and the outcome of patients with early recurrence.

MATERIALS AND METHODS

Patients

We included all adult patients who underwent deceased donor liver

transplantation for HCC at the Medical University of Vienna between

1997 and 2014. Patients with missing follow‐up data or pretrans-

plant imaging were excluded. Patients with incidental HCC on

explant histology were also excluded. In general, patients who ful-

filled the Milan criteria12 were candidates for LT. However, patients

exceeding the Milan criteria, but who had undergone successful

downstaging and/or who fulfilled expanded criteria (Up‐To‐ Seven15

or UCSF criteria18) could also be considered for LT after multidisci-

plinary board discussion. Absolute contraindications included

ongoing alcohol abuse, ongoing extrahepatic malignancies, extrahe-

patic metastases, severe cardiac and/or pulmonary diseases, severe

pulmonary hypertension (mPAP >45 mm Hg) and ongoing severe

infection. Relative contraindications included advanced age, persis-

tent nonadherence and morbid obesity.6,25

Bridging treatments were done whenever feasible regarding

technical/anatomical aspects and liver function. In general, local

ablation (percutaneous ethanol instillation [PEI] or radio frequency

ablation [RFA]) was used in patients with a singular HCC tumour and

transarterial chemoembolization (TACE) was performed in patients

with multiple tumour nodules.

Assessment of AFP‐UTS criteria

AFP‐UTS criteria were assessed as previously published in the

“Metroticket 2.0” study by Mazzaferro et al.24 In brief, a patient was

defined as being within AFP‐UTS if the following criteria were

fulfilled: “Up To Seven” (meaning that the sum of the number of

HCC nodules plus the size of the largest nodule in cm must not

exceed 7) for AFP <200 ng/ml, “Up To Five” for AFP 200–400 ng/ml

and “Up To Four” for AFP 400–1000 ng/ml. Patients with an AFP

above 1000 ng/ml were defined as AFP‐UTS out, regardless of their

tumour characteristics.

Only nodules with a diameter of at least 1 cm that fulfilled the

European Association for the Study of the Liver criteria5 were

considered as HCC nodules. After bridging therapy, in a partly

necrotic tumour nodule the complete maximum diameter was

measured, including any necrotic areas. Completely necrotic nodules

were not counted as HCC nodules in the assessment of number of

tumour nodules and size of the largest nodule.
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Data collection

All data were collected retrospectively from the centre's LT database.

HCC was diagnosed by pretransplant biopsy or by radiological

imaging, (contrast enhanced magnetic resonance imaging [MRI] and/

or multiphase computed tomography [CT]). All blood parameters

recorded for this study were taken at admission for LT in the ISO‐
certified laboratory of the Medical University of Vienna. AFP was

usually determined at an earlier time point. The latest AFP value

before LT was used for this study. In most patients, this AFP value

was measured around the date of last radiological assessment before

LT. Pathological analysis was performed by a senior liver pathologist

and tumour grading was staged according to Edmondson and

Steiner.26 The Barcelona Clinic Liver Cancer system was used for

tumour staging.4 Child–Pugh score was recorded to describe liver

function.6

All LT procedures were performed at the Medical University of

Vienna with grafts from brain dead deceased donors by specialised

transplant surgeons. After successful LT, routine follow‐up consisted

of clinical examination and radiological surveillance with CT or MRI

every 6 months.6,25

Statistical analyses

Baseline tumour characteristics and clinical data are presented using

descriptive statistics. Time to recurrence (TTR) was defined as the

time from the date of LT until the date of recurrence of HCC, diag-

nosed either by imaging or by biopsy. Patients without documented

recurrence were censored at the day of the last radiological follow‐
up examination or at the date of death if no radiological follow‐up
had been conducted before death. Early recurrence was defined as

recurrence diagnosed within the first 12 months after LT.7 Overall

survival (OS) was defined as the time from the date of liver trans-

plantation until the date of death. Patients who were still alive at 31

May 2019 (end of follow‐up) were censored at the time of last

contact. Survival plots were calculated by the Kaplan–Meier method

and compared by log rank test (univariate analysis). Afterwards,

variables that reached a p value of less than 0.05 on univariate

analysis were entered into multivariable analysis using a Cox

regression analysis.6

A p value of less than 0.05 was considered statistically significant.

Statistical analysis was performed using SPSS version 26.0.

Ethical considerations

This retrospective analysis was approved by the local human

research ethics committee of the Medical University of Vienna

(approved on 13 November 2015; reference number 1759/2015).

The study protocol conforms to the ethical guidelines of the

1975 Declaration of Helsinki as reflected in a priori approval by

the institution's human research committee. As this study is a

retrospective analysis of anonymised patient data, written informed

consent was not obtained.

The abstract to this manuscript has previously been presented as

poster with the abstract number 873 at the scientific conference

“The Liver Meeting 2019” of the American Association for the Study

of Liver Diseases in Boston, Massachusetts, USA.27

RESULTS

Patient characteristics

Of the 224 patients transplanted for HCC at our centre, 53 patients

were excluded due to insufficient radiological documentation prior to

LT and five patients because of missing follow‐up data (Figure S1).

Table 1 displays the baseline patient characteristics of the 166

eligible patients. All patients received deceased donor LT. There were

145 male patients (87.3%) and 21 (12.7%) female patients. In explant

histology, the tumour nodules of 103 patients (62.0%) were within

Milan criteria and 31 patients (18.7%) exhibited microvascular inva-

sion. Of the 63 patients who exceeded Milan criteria in explant his-

tology due to nodule number or size, 13 patients (20.6%) were Milan

out because of number of nodules (more than three nodules, size of

the largest nodule ≤3 cm), 43 patients (68.3%) because of tumour

size (singular HCC >5 cm or ≤3 nodules, size of the largest nodule

>3 cm) and seven patients (11.1%) because of both (more than three

nodules, size of the largest nodule >3 cm). Ten patients (6.0%) had a

serum AFP level of 200 ng/ml or higher, and median serum AFP level

was 9.56 ng/ml. Notably, the number of patients within radiologically

assessed AFP‐UTS and Milan criteria was the same (139 [83.7%]

each), although not all of them were the same individuals; only 127

patients (76.5%) fulfilled both Milan and AFP‐UTS criteria. Fifteen

patients (9.0%) fulfilled neither AFP‐UTS nor Milan criteria.

Bridging treatment was done in 121 patients (72.9%); in 45 pa-

tients (27.1%) PEI was used, 37 patients (22.3%) received TACE and

16 patients (9.6%) were treated with RFA.

Radiological assessment was done with CT in 140 patients

(84.3%) and with MRI in 26 patients (15.7%). Median time from

radiological assessment to LT was 39 days (95% confidence interval

[CI] 29.3–48.7 days). Median time from diagnosis of HCC to LT was

6.7 months (95% CI 5.9–7.5 months). In 36 patients who were

diagnosed in a referral hospital, the exact date of diagnosis could not

be determined.

Time from listing to LT was available in 112 patients (67.5%) who

were transplanted in 2002 or later. In these patients, median time on

the waiting list was 7.2 months (95% CI 6.0–8.4 months).

Correlation of AFP with tumour characteristics

We also assessed the correlation of serum AFP levels with tumour

characteristics and found that high AFP (≥200 ng/ml) was

significantly associated with not fulfilling the Milan criteria
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TAB L E 1 Patient characteristics

Mean ± SD/median
(IQR) Categories N %

Total 166 100

Age (years) 57.7 ± 8.7 ≥65 24 14.5

<65 142 85.5

Sex – Male 145 87.3

Female 21 12.7

Aetiology – HCV 78 47.0

Alcohol 50 30.1

HBV 18 10.8

Other 20 12.0

Child–Pugh classa – A (score 5 or 6) 50 30.1

B (score 7‐9) 79 47.6

C (score 10‐15) 31 18.7

BCLC stagea – 0 (very early stage) 17 10.2

A (early stage) 82 49.4

B (intermediate stage) 30 18.1

C (advanced stage) 0 0.0

D (terminal stage 31 18.7

Tumour size (cm)–radiology 2.23 ± 2.17 ≤3 116 69.9

>3 and ≤5 41 24.7

>5 9 5.4

Number of vital nodules–radiology 1.11 ± 1.07 0 53 31.9

1 62 37.3

2 36 21.7

3 12 7.2

>3 3 1.8

Vital tumour–radiology – No vital tumour 53 31.9

Vital tumour present 113 68.1

Milan in/out–radiology – Milan in 139 83.7

Milan out 27 16.3

AFP‐UTS in/out–radiologyb – AFP‐UTS in 139 83.7

AFP‐UTS out 18 10.8

Radiological response – No treatment 45 27.1

To bridging therapy Complete response 45 27.1

Partial response 22 13.3

Stable disease 44 26.5

Progressive disease 10 6.0

Tumour size (cm)–pathology 3.02 ± 2.03 ≤3 107 64.5

>3 and ≤5 42 25.3

>5 17 10.2

212 - UNITED EUROPEAN GASTROENTEROLOGY JOURNAL



(70.0% vs. 36.7%; p = 0.037) and a high (>3) number of nodules

(50.0% vs. 9.5%; p < 0.001), both in explant histology. In addition,

patients with high serum AFP level (≥200 ng/ml) more frequently

developed early recurrence (30.0% vs. 4.1%; p = 0.001; Table S1).

Recurrence and survival of the whole cohort

Median duration of follow‐up was 111.0 months. Of 166

patients included, 32 (19.3%) had recurrence of HCC after LT, and, in

these patients, median TTR was 21.2 months (range, 2.6–

182.8 months).

Patients outside AFP‐UTS had a significantly higher 1‐/3‐/5‐/
10‐year recurrence rate (30.4%/54.9%/63.9%/63.9%) than patients

within AFP‐UTS (4.5%/14.5%/17.8%/24.7%; p < 0.001; Figure 1a).

Median TTR could not be calculated due to the low number of

events. Other variables significantly associated with recurrence on

univariate analysis included tumour size (radiology), number of

nodules (pathology), vascular invasion (pathology; Figure 1b), Milan

(pathology) and AFP pre‐LT, and are shown in Table 2. Vascular

invasion, number of nodules and tumour size, all according to

explant histology and AFP pre‐ LT were also independent predictors

of recurrence in multivariate analysis (Table 3).

When patients were stratified into four groups according to

Milan and AFP‐UTS criteria in pre‐LT radiological assessment, Milan

in/AFP‐UTS out patients had a higher 5‐year recurrence rate than

Milan out/AFP‐UTS in patients: 5‐year recurrence rate for Milan in/

AFP‐UTS in (n = 127), 18.0%; Milan out/AFP‐UTS in (n = 12), 16.7%;

T A B L E 1 (Continued)

Mean ± SD/median
(IQR) Categories N %

Number of nodules–pathology 2.00 ± 1.58 1 84 50.6

2 38 22.9

3 25 15.1

>3 19 11.4

Microvascular invasion–pathology – Absent 135 81.3

Present 31 18.7

Vital tumour–pathology – No vital tumour 25 15.1

Vital tumour present 141 84.9

AFP (ng/ml)b 9.56 (IQR 3.51‐34.00) <200 147 88.6

200‐400 3 1.8

400‐1000 3 1.8

>1000 4 2.4

Treatment pre‐LTc – No treatment 45 27.1

Any treatment 121 72.9 (100.0)

TACE 37 22.3 (30.6)

PEI 45 27.1 (37.2)

RFA 16 9.6 (13.2)

Other/combined 23 13.9 (19.0)

Milan in/out–pathology – Milan in 103 62.0

Milan out 63 38.0

Tumour grade – Gl 20 12.0

(Edmondson & Steiner)d G2 105 63.3

G3 14 8.4

Abbreviations: AFP, alpha‐fetoprotein; AFP‐UTS: alpha‐fetoprotein‐adjusted‐to‐HCC‐size; BCLC, Barcelona Clinic Liver Cancer; HBV, hepatitis B virus;

HCC, hepatocellular carcinoma; HCV, hepatitis C virus; LT, liver transplantation; SD, standard deviation; IQR, interquartile range.
aMissing, n = 6 (3.6%).
bMissing, n = 9 (5.4%).
cThe number in parentheses represents the percentage of the 121 pretreated patients.
dMissing, n = 27 (l6.3%).
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Milan in/AFP‐UTS out (n = 5), 60.0%; and Milan out/AFP‐ UTS out

(n = 13), 62.5% (p = 0.001; Figure 2).

In total, 72 (43.4%) patients died during follow‐up. Median OS of

the total study population was 118.2 months (95% CI 66.2–

170.3 months) with a 5‐year survival rate of 68.1%. Patients outside
AFP‐UTS had a lower 1‐/3‐/5‐/10‐year survival rate (76.2%/50.0%/

42.9%/26.8%) than patients within AFP‐UTS (83.7%/74.9%/70.5%/

51.7%; p = 0.104; Figure 1c). Large tumour size, high number of

nodules, the presence of vital tumour—all according to radiological

imaging—and large tumour size according to explant histology were

significantly associated with shorter OS (Table S2).

When patients were stratified into four groups according to

Milan and AFP‐UTS criteria in pre‐LT radiological assessment, there

was no significant difference in OS between the four groups: median

OS was 126.9 (95% CI 83.1–170.8) months for Milan in/AFP‐UTS in,
27.9 (95% CI 0.0–141.3) months for Milan out/AFP‐UTS in, 24.5

(95% CI 10.1–39.0) months for Milan in/AFP‐UTS out and OS 41.5

(95% CI 0.0–87.3) months for Milan out/AFP‐UTS out (p = 0.237).

Correlation between radiological and pathological
assessments

A relevant number of patients were beyond the Milan criteria in

explant histology, in both radiological Milan in (33.8%) and AFP‐UTS
in (33.8%) subgroups. There was no significant difference in the

percentage of patients with vascular invasion in explant pathology

between radiological Milan in and out patients or between AFP‐UTS
in and out patients, respectively. Notably, radiological AFP‐UTS out

was associated with a higher early recurrence rate but Milan out was

not (Table 4).

Recurrence and survival of patients within Milan
according to radiological assessment

Tables S3 and S4 show the OS rates and recurrence rates of patients

who fulfilled the Milan criteria according to radiological imaging. The

F I GUR E 1 Kaplan–Meier plots. (a) Kaplan–Meier Plot of time to recurrence (TTR) according to AFP‐UTS in/out (p < 0.001; whole cohort).

(b) Kaplan–Meier Plot of time to recurrence (TTR) according to vascular invasion (p = 0.003; whole cohort). (c) Kaplan–Meier Plot of overall
survival (OS) according to AFP‐UTS in/out (p = 0.104; whole cohort). (d) Kaplan–Meier plot of overall survival (OS) according to vascular
invasion (p = 0.347; whole cohort)
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TAB L E 2 Univariate analysis of time to recurrence

Variable N

1‐
year
recurrence

rate 3‐ 5‐ 10‐ p

Overall study population 166 7.1% 18.2% 22.0% 28.0% ‐

Age

≥65 24 5.6% 17.0% 23.4% 23.4% 0.798

<65 142 7.3% 18.4% 21.7% 28.6%

Sex

Male 145 7.1% 15.9% 20.2% 27.1% 0.412

Female 21 6.2% 35.1% 35.1% 35.1%

Child–Pugh class

A 50 10.5% 24.8% 27.9% 27.9% 0.875

B 79 6.5% 18.7% 22.4% 24.9%

C 31 4.0% 8.4% 13.8% 30.8%

BCLC stage

0 17 6.2% 12.9% 12.9% 12.9% 0.274

A 82 6.5% 18.8% 22.6% 25.0%

B 30 13.6% 33.2% 38.3% 38.3%

D 31 4.0% 8.4% 13.8% 30.8%

Tumour size (cm)–radiology

≤3 116 6.7% 16.3% 19.1% 22.8% 0.006

>3 and ≤5 41 2.9% 13.7% 20.9% 32.6%

>5 9 33.3% 66.7% 66.7% 66.7%

Number of nodules–radiology

1 115 5.3% 15.5% 19.4% 25.5% 0.167

>2 51 12.5% 26.2% 29.8% 35.2%

Vital tumour–radiology

Absent 53 2.3% 9.6% 15.5% 19.6% 0.101

Present 113 9.5% 22.6% 25.4% 32.1%

Milan in/out–radiology

In 139 6.4% 16.3% 19.6% 25.2% 0.071

Out 27 11.1% 30.2% 36.5% 45.6%

AFP‐UTS in/out–radiologya

In 139 4.5% 14.5% 17.8% 24.7% <0.001

Out 18 30.4% 54.9% 63.9% 63.9%

Tumour size (cm)–pathology

≤3 107 6.2% 15.7% 18.9% 23.1% 0.194

>3 and ≤5 42 2.9% 19.0% 25.5% 29.4%

>5 17 23.1% 31.6% 31.6% 65.8%

Number of nodules–pathology

0‐1 84 1.5% 5.0% 8.9% 15.5% 0.002

(Continues)
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T A B L E 2 (Continued)

Variable N

1‐
year
recurrence

rate 3‐ 5‐ 10‐ p

2‐3 63 11.3% 27.8% 33.1% 39.8%

>3 19 17.0% 40.7% 40.7% 40.7%

Vascular invasion–pathology

Absent 135 5.0% 14.5% 16.9% 24.2% 0.003

Present 31 15.2% 33.2% 42.0% 42.0%

Vital tumour–pathology

Absent 25 0.0% 0.0% 0.0% 12.5% 0.093

Present 141 8.1% 20.7% 25.0% 30.2%

Milan–pathology

In 103 2.7% 8.6% 10.3% 16.9% <0.001

Out 63 13.0% 31.3% 37.7% 42.5%

Tumour grade–pathology

G1 20 6.7% 20.0% 26.7% 26.7% 0.865

G2 105 8.2% 22.1% 24.9% 32.2%

G3 14 10.0% 10.0% 22.9% 38.3%

AFP pre‐LT (ng/ml)a

<200 147 5.4% 15.1% 19.4% 25.9% 0.001

≥200 10 30.0% 60.0% 60.0% 60.0%

Abbreviations: AFP, alpha‐1‐fetoprotein; AFP‐UTS, alpha‐fetoprotein‐adjusted‐to‐HCC‐size; BCLC, Barcelona Clinic Liver Cancer; HCC, hepatocellular
carcinoma; LT, liver transplantation.
aMissing values n = 9.

TAB L E 3 Multivariate analysis of time to recurrence

Variable N HR 95% CI p (Cox regression)

AFP pre‐LT (ng/ml)a

<200 147 1.00 – 0.003

≥200 10 4.27 1.61‐11.29

Vascular invasion—pathology

Absent 126 1.00 – 0.026

Present 31 2.49 1.11‐5.55

Number of nodules—pathology

0‐1 77 1.00 – 0.049

2‐3 61 2.39 1.19‐7.21

>3 19 3.15 1.03‐9.60

Tumour size (cm)—pathology

≤3 102 1.00 – 0.014

>3 and ≤5 39 1.63 0.73‐3.62

>5 16 5.01 1.70‐14.81

Abbreviations: AFP, alpha‐1‐fetoprotein; CI, confidence interval; HR, hazard ratio; LT, liver transplantation.
aMissing values n = 9.
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5‐year recurrence rate was significantly higher in patients with

microvascular invasion (42.8% vs. 14.3%; p = 0.002; Figure S2a), a

higher number of tumours (0–1 9.4% vs. 2–3 27.7% vs. >3 42.2%;

p = 0.002), and in patients who did not fulfil the Milan criteria (34.6%

vs. 10.9%; p = 0.002)—all according to explant histology (Table S3).

The 5‐year survival rate was higher in patients without vascular in-

vasion—according to explant histology (76.3% vs. 48.6%; p = 0.270;

Figure S2c, Table S4).

Early recurrence is associated with poor survival

Early recurrence (defined as recurrence within the first 12

months after LT7) was significantly associated with dismal survival

(median OS 122.1 months, 95% CI 66.1–178.1 vs. 17.2 months,

95% CI 5.8–28.6; p = 0.002). Even in comparison to recurrence

that was diagnosed later than 12 months after LT, those with early

recurrence had a significantly shorter median OS (no recurrence

vs. recurrence after 12 months vs. early recurrence: median

OS 200.9 (95% CI 79.4–322.5) months versus 63.4 (95% CI

0.1–126.7) months versus 17.2 (95% CI 5.8–28.6) months;

p = 0.001; Figure 3).

Early recurrence was significantly associated with AFP‐UTS in

pre‐LT assessment but not with radiological Milan criteria. Other

variables associated with early recurrence included AFP pre‐LT as

well as vascular invasion, number of nodules, and Milan status—all

according to explant histology (Table S5).

DISCUSSION

In our cohort of 166 HCC patients who underwent LT, the OS of

patients within AFP‐UTS criteria was excellent, with a median OS of

126.9 months (vs. 34.2 months for those outside AFP‐UTS) and a

5‐year survival rate of 70.5% (vs. 42.9%). This is in line with the

results of the “Metroticket 2.0” study24 and slightly exceeds the

F I GUR E 2 Kaplan–Meier plot of time to recurrence (TTR)
according to AFP‐UTS and Milan criteria. Patients are split into four
groups: both in, Milan out/AFP‐UTS in, Milan in/AFP‐UTS out, both
out (p = 0.001; whole cohort)

TAB L E 4 Correlation of radiological Milan and AFP‐UTS criteria with tumour characteristics and early recurrence

n

Milan in/out—radiology AFP‐UTS in/out—radiologya

In (n = 139) Out (n = 27) In (n = 139) Out (n = 18)

Variable n % n % p n % n % p

Recurrence No 134 115 82.7% 19 70.4% 0.318 115 82.7% 10 55.6% 0.003

≥12 months 23 17 12.2% 6 22.2% 19 13.7% 4 22.2%

<12 months 9 7 5.0% 2 7.4% 5 3.6% 4 22.2%

Early recurrence Yes 9 7 5.0% 2 7.4% 0.619 5 3.6% 4 22.2% 0.001

Vascular invasion—

pathology

Present 31 24 17.3% 7 25.9% 0.291 25 18.0% 6 33.3% 0.124

Milan in/out—

pathology

Out 63 47 33.8% 16 59.3% 0.013 47 33.8% 14 77.8% <0.001

Vital tumour— pathology Present 141 117 84.2% 24 88.9% 0.531 115 82.7% 18 100% 0.055

Number of nodules—

pathology

0‐1 84 76 54.7% 8 29.6% 0.036 75 54.0% 2 11.1% 0.002

2‐3 63 47 33.8% 16 59.3% 48 34.5% 13 72.2%

>3 19 16 11.5% 3 11.1% 16 11.5% 3 16.7%

Tumour size—

pathology

≤3 107 96 69.1% 11 40.7% 0.011 94 67.6% 8 44.4% 0.023

>3 and ≤5 42 32 23.0% 10 37.0% 34 24.5% 5 27.8%

>5 17 11 7.9% 6 22.2% 11 7.9% 5 27.8%

Abbreviations: AFP, alpha‐1‐fetoprotein; AFP‐UTS, alpha‐fetoprotein‐adjusted‐to‐HCC‐size; HCC, hepatocellular carcinoma.
aMissing values n = 9.
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recommended minimum of 70%, which is the survival rate to be ex-

pected from a cohort of patients who received LT for a nonmalignant

indication.19

However, expanding the criteria for LT from Milan to AFP‐UTS
would not have increased the number of patients eligible for LT, as

the number of patients who fulfilled the Milan or AFP‐UTS criteria

according to radiological imaging was the same (139 each), although

not all of them were the same individuals (only 127 patients fulfilled

both Milan and AFP‐UTS criteria).

In our cohort, the recurrence rate was significantly lower in pa-

tients fulfilling AFP‐UTS criteria (5‐year recurrence rate 17.8% for

AFP‐UTS in vs. 63.9% for AFP‐UTS out, p < 0.001). In contrast, there

was only a trend towards a higher recurrence rate in patients who

were outside the Milan criteria on pre‐LT imaging (5‐year recurrence
rate 19.6% for Milan in vs. 36.5% for Milan out, p = 0.071). This

demonstrates that the AFP‐ UTS criteria have excellent value to

exclude patients at high risk of recurrence, which likely reflects the

incorporation of AFP as a surrogate marker for more aggressive

tumour biology.4,6,21 In addition, only pre‐ LT AFP‐UTS but not pre‐
LT Milan criteria were able to predict early recurrence (defined as

recurrence within the first 12 months after LT). Early recurrence was

strongly associated with dismal survival (median OS 122.1 vs.

17.2 months; p = 0.002), which is in line with a previously published

study.7

Vascular invasion is a known risk factor for high recurrence and

poor survival in HCC patients undergoing LT.4,6 Consequently, the

criteria for pre‐LT should ideally minimise the risk of microvascular

invasion in explant histology. However, in our cohort, 18% of the

patients who were AFP‐UTS in and 17% of the patients within Milan

according to pre‐LT imaging exhibited vascular invasion in explant

histology. Thus, neither Milan nor AFP‐UTS criteria are able to

completely rule out known risk factors for post‐LT recurrence such

as vascular invasion. In the subgroup of patients within Milan on

pre‐LT imaging (n = 139), 47 (34%) were beyond Milan criteria in

explant histology and 24 (17.3%) exhibited vascular invasion.

Notably, there was a time gap between radiological assessment and

LT (median 39 days). Thus, in some patients, the tumour could have

grown out of Milan within this time period. Moreover, tumour size or

number of nodules may have been underestimated in radiological

assessment in some patients.

Not surprisingly, those with vascular invasion in explant histol-

ogy showed a significantly higher recurrence rate (5‐year recurrence
rate 14% vs. 43%; p = 0.002) and a trend towards poorer survival

(76% vs. 49%; p = 0.270). Similarly, patients within AFP‐ UTS and

vascular invasion in explant histology had a higher recurrence rate

and worse survival (5‐year recurrence rate 14.5% vs. 31.1%,

p = 0.073; 5‐year survival rate 72.7% vs. 59.7%, p = 0.681).

The major limitations of this study are the small number of pa-

tients in some subgroups, particularly in the AFP‐UTS out group, and
its retrospective character with all its potential confounders.

In conclusion, the outcome of patients fulfilling AFP‐UTS criteria
was favourable in our cohort with a 5‐year survival rate above 70%.

Early recurrence and vascular invasion according to explant histology

were associated with worse outcome after LT. Even though AFP‐UTS
criteria incorporate AFP, a marker for disease biology, they were not

able to rule out vascular invasion with a higher certainty compared

with the Milan criteria. However, AFP‐UTS criteria showed a better

association with recurrence, particularly early recurrence, than the

radiologically assessed Milan criteria.
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