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SUMMARY

Although the diagnostic value of Liver Imaging Reporting and Data System
(LI-RADS) protocol is well recognized in clinical practice, its role in liver
transplant (LT) setting is under-explored. We sought to evaluate the onco-
logical impact of LI-RADS classification applied to Metroticket 2.0 calcula-
tor in a single-centre retrospective cohort of transplanted hepatocellular
carcinoma (HCC) patients, exploring which LI-RADS subclasses need to
be considered in order to grant the best Metroticket 2.0 performance. The
most recent pre-LT imaging of 245 patients undergoing LT for HCC
between 2005 and 2015 was retrospectively and blindly reviewed, classifying
all nodules according to LI-RADS protocol. Metroticket 2.0 accuracy was
subsequently tested incorporating all vital nodules identified during multi-
disciplinary team (MDT) meetings attended before LI-RADS reclassifica-
tion of the latest pre-LT imaging, LR-5 and LR-treatment-viable (LR-TR-
V), LR-4/5 and LR-TR-V, and LR-3/4/5 and LR-TR-V nodules respectively.
Considering their extremely low probability for harbouring HCC, LR-1
and LR-2 nodules were not considered in this analysis. Incorporation of all
HCCs identified during MDT meetings attended before LI-RADS reclassifi-
cation of the latest pre-LT imaging resulted in a Metroticket 2.0 c-index of
0.72, [95% confidence interval (CI) 0.64–0.80]. Metroticket 2.0 c-index
dropped to 0.60 [95% CI: 0.48–0.72] when LI-RADS-5 and LI-RADS-TR-
V (P = 0.0089) or LI-RADS-5, LI-RADS-4 and LI-RADS-TR-V
(P = 0.0068) nodules were entered in the calculator. Conversely, addition
of LI-RADS-3 HCCs raised the Metroticket 2.0 c-index to 0.65 [95% CI:
0.54–0.86], resulting in a not statistically significant diversion from the
original performance (0.72 vs. 0.65; P = 0.08). Exclusion of LR-3 and LR-4
nodules from Metroticket 2.0 calculator resulted in a significant drop in its
accuracy. Every nodule with an intermediate-to-high probability of har-
bouring HCC according to LI-RADS protocol seems to contribute to
tumour burden and should be entered in the Metroticket 2.0 calculator in
order to grant appropriate performance.
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Introduction

Hepatocellular carcinoma (HCC) represents one of the

leading causes of cancer-related death worldwide, show-

ing increasing incidence in the last decades [1]. Liver

transplantation (LT) emerged as the most effective

treatment for HCC, which gradually became one of the

leading indications for LT [2]. Since the release of

Milan criteria in the mid-90s [3], several models [4–8]
have been developed in order to expand eligibility for

transplantation, optimize patient selection and ulti-

mately predict survival; despite that, Milan criteria still

represent the universally accepted benchmarks for trans-

plant eligibility in several allocation systems in Europe

[9] and the United States [10].

Every prognostic model developed so far entails the

number and size of HCC nodules as major determi-

nants of post-transplant outcomes: according to the

European Association for the Study of the Liver (EASL)

[11], American Association for the Study of Liver Dis-

eases (AASLD) [12] and Organ Procurement and Trans-

plantation Network/United Network for Organ Sharing

(OPTN/UNOS) [10] guidelines, these data are obtained

from contrast-enhanced imaging performed before LT.

Evolution of imaging techniques led to a refinement

and standardization of HCC diagnostic criteria, summa-

rized in Liver Imaging Reporting and Data System (LI-

RADS) protocol released by the American Association

of Radiologists [13]. LI-RADS protocol provides HCC-

specific diagnostic accuracy for each LI-RADS subclass,

ranging from 38% in LR-3 up to 95% in LR-5 nodules

[13,14], and has been recently endorsed in AASLD

guidelines for HCC management [12]; despite this

widespread application, there is currently little evidence

about its role in LT setting.

The main issue concerning the application of LI-

RADS protocol in pretransplant setting is whether to

include only LR-5 nodules or to consider also other LI-

RADS classes with intermediate probability of harbour-

ing HCC during preoperative workup, as predicted out-

comes are deeply influenced by the number of HCC

nodules that contribute to tumour burden.

The aim of this study was to evaluate the prognostic

impact of LI-RADS protocol applied to Metroticket 2.0

calculator [8] in a single-centre retrospective cohort of

transplanted HCC patients.

Materials and methods

Study protocol followed the 2000 Declaration of Hel-

sinki and the 2008 Declaration of Istanbul ethical guide-

lines; all the subjects involved in the study gave their

explicit informed consent for data collection and publi-

cation.

Local ethical committees’ review of the protocol

deemed that formal approval was not required owing to

the retrospective, observational and anonymous nature

of this study. Results are reported according to

Strengthening the Reporting of Observational Studies in

Epidemiology (STROBE) [15].

Study design

The study enrolled all adult patients (age ≥ 18 years)

that were listed and underwent LT for HCC between

2005 and 2015, with an available alpha-foetoprotein (α-
FP), a retrievable contrast-enhanced imaging performed

within 4 months before LT, and a proven HCC at

explant pathology, with no restrictions on whether LT

was the first-line treatment option or followed neoadju-

vant treatments, including liver resection.

In a first step, we evaluated the Metroticket 2.0 [8]

prognostic accuracy incorporating the number and size

of HCC nodules that were identified during multi-

disciplinary team (MDT) meetings: such data were

retrieved from our prospectively recorded internal data-

base.

Notably, MDT meetings were attended before the

blinded reclassification of the last pre-LT imaging

according to 2018 LI-RADS protocol: in this setting,

HCC diagnosis followed the noninvasive EASL criteria

[11].

The most recent pre-LT contrast-enhanced studies

(either computed tomography or magnetic resonance
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imaging) were retrospectively and blindly analysed by

three senior radiologists with 30-, 15- and 10-year expe-

rience in liver imaging in order to classify all nodules

according to 2018 LI-RADS protocol, [13] applying

ancillary features when feasible. Every nodule that fitted

LR-3, LR-4 and LR-5 categories was recorded, while

LR-1 and LR-2 nodules were not included in this analy-

sis because of their extremely low probability (ranging

from 0 to 16%) for harbouring HCC [13,14]. For those

patients who underwent neoadjuvant treatments, treated

nodules were classified as viable (LR-TR-V), equivocal

(LR-TR-E), nonviable (LR-TR-NV) and nonevaluable

(LR-TR-NE), according to LI-RADS protocol [13].

Patients for whom it was not possible to assign a LI-

RADS category (i.e. Patients with available but incom-

plete preoperative imaging – i.e. missing one or more

phases of the contrast-enhanced study – or patients

who did not fit the inclusion criteria for LI-RADS

application) were excluded. As already stated, LI-RADS

classification was applied retrospectively, so it did not

affect perioperative management.

In the second step of our analysis, Metroticket 2.0

was re-calculated using the data derived from the

blinded and retrospective revision of the latest pre-LT

imaging according to LI-RADS protocol, including only

LR-5 and LR-TR-V, LR-4/5 and LR-TR-V, and LR-3/4/

5 and LR-TR-V nodules respectively. Since Metroticket

2.0 was built to evaluate only viable nodules [8], LR-

TR-NV, LR-TR-E and LR-TR-NE were excluded from

this second step of the analysis.

Perioperative management

Preoperative HCC diagnosis was made according to

noninvasive EASL criteria [11]. All cases were discussed

during MDT meetings involving surgeons, hepatologists,

radiologists and anaesthesiologists in order to assess

transplant eligibility and plan bridging and downstag-

ing.

Patient selection followed the Milan Criteria [3] until

2008 and the up-to-seven criteria from 2009 until 2015

[6]. Patients diagnosed with a tumour stage beyond

selection criteria were listed for LT only after effective

downstaging, whenever feasible. Extrahepatic tumour,

macrovascular invasion and age >70 years were consid-

ered as contraindications for LT. Tumour response after

downstaging or bridging was prospectively assessed on

most recent pretransplant imaging using the modified

Response Evaluation Criteria in Solid Tumours (mRE-

CIST) criteria [16] since their release, and retrospec-

tively for cases before 2010.

LT candidates routinely underwent imaging reassess-

ment and complete tumour restaging approximately

every 3 months while on the waiting list: each case was

systematically rediscussed according to the last available

imaging in a MDT setting, in order to confirm trans-

plant eligibility and assess patient prioritization. All

transplanted patients underwent life-long follow-up

according to EASL guidelines [11].

Data collection and definition

All data were retrieved from a single university-

affiliated, hepato-pancreato-biliary and transplant teach-

ing centre prospective database. Several patients and

tumour characteristics were considered at different time

points from patient listing to transplantation, as follows:

1. At listing: patient age [years]; patient gender; aetiol-

ogy of liver disease; number and size [mm] of HCC

nodules (diagnosed accordingly to noninvasive EASL

criteria [11]); α-FP [ng/ml]; model for end-stage liver

disease (MELD) score; tumour staging according to

Milan-criteria [3];

2. At transplantation: donor type, defined as donation

after brain death (DBD) donor, donation after cardiac

death (DCD) donor or living donor liver transplanta-

tion (LDLT); time-lapse between listing and transplan-

tation [months]; time-lapse between last radiological

assessment and transplantation [months]; number of

neoadjuvant treatments (including locoregional and sur-

gical approaches with both bridging or downstaging

intent); treatment response according to mRECIST cri-

teria [16]; number and size [mm] of vital HCC nodules;

nodule categorization according to LI-RADS [13]; α-FP
[ng/ml]; tumour staging according to Milan-criteria [3];

3. At explant pathology: number and size [mm] of

HCC nodules; pathological response (complete patho-

logical response was defined as a complete absence of

any residual vital tumour tissue in the entire specimen);

tumour grading; microvascular invasion;

4. During follow-up: date of death or last censoring;

date of recurrence or last censoring; cause of death.

Statistical analysis

Continuous data are reported as median and interquar-

tile ranges (IQR). Categorical data are reported as

counts and percentages.

The cumulative incidence of HCC-related deaths was

estimated according to the method described by Kalb-

fleisch and Prentice, taking into account competing

causes of death.
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The risk of 5-year HCC-related death for a patient,

predicted by the Metroticket 2.0 prognostic model, was

estimated using the following equation [8]:

5-year risk¼ 1 � exp � exp½ð0:227f
� size of the largest vital tumourð
þ number of vital nodulesÞ
þ 0:817� log10α�FP

� �

� 0:014�g:

Four different predictions were calculated, using in

the parameter ‘size of the largest vital tumour + num-

ber of vital nodules’ the information derived from all

the nodules identified during the MDT meetings (at-

tended before the retrospective blinded categorization of

HCC nodules according to LI-RADS protocol), or only

from LR-5 and LR-TR-V, LR-4/5 and LR-TR-V, and

LR-3/4/5 and LR-TR-V nodules respectively.

The discriminatory abilities of the four different

models were evaluated using Wolbers c-index for

regression in the presence of competing risks [17], pre-

sented with 95% confidence intervals (CI); p-values

were calculated using bootstrap methods.

Finally, to verify the results of LI-RADS application

to Metroticket 2.0 model, we calculated the predicted

risk of 5-year HCC-related death using Fine–Gray
regression considering HCC-related death as the event

of interest and α-FP, number of vital nodules and diam-

eter of the larger vital nodule as covariates.

All reported P-values were two-sided, and a P-value

of less than 0.05 was considered to indicate statistical

significance. Statistical analysis was performed with SAS

software, version 9.4 (SAS Institute).

Results

Study population

Flow chart for patient selection is depicted in Fig. 1.

A total of 404 patients were listed for LT from Jan-

uary 2005 to December 2015; 57 patients (14.4%)

dropped out for HCC progression (38 patients; 66.7%)

or other reasons (19 patients; 33.3%) during the study

period, while the remaining 347 underwent LT.

Fifty-seven patients (14.1%) were excluded for unre-

trievable preoperative imaging; other 24 patients (5.9%)

were not enrolled for unavailable pretransplant α-FP,
while 13 patients (3.2%) were excluded as their preop-

erative imaging was performed >4 months before LT;

six patients (1.5%) were not included as LI-RADS clas-

sification was not evaluable on preoperative imaging,

while other 2 patients (0.5%) did not present any HCC

on explant pathology and were consequently excluded.

The final population was composed of 245 patients

harbouring 567 nodules (Table 1).

Patients and HCC characteristics

Baseline characteristics of the study population are

depicted in Table 2.

Study population was composed of 219 (89.4%) men

and 26 (10.6%) women with a median age of 57 (IQR:

52–61) years.
At LT listing, 147 patients (60.0%) presented a

hepatitis-C viral infection, 60 (24.5%) were affected by

hepatitis-B and 14 (5.7%) presented a hepatitis-D viral

coinfection; 76 patients (31.0%) reported alcohol abuse,

while 11 patients (4.5%) shared other aetiologies

(nonalcoholic-fatty-liver-disease, haemochromatosis,

cryptogenic cirrhosis etc.), with a median MELD score

of 11 (IQR: 9−14) points. Focussing on HCC character-

istics at listing, study population presented with a med-

ian of 1 (IQR: 1 - 2) HCC nodule, with a maximum

nodule diameter of 20 (IQR: 16–30) mm and a median

α-FP value of 9 (IQR: 5–28) ng/ml; 82.7% of the popu-

lation presented a Milan-in HCC. Nine (3.7%) patients

underwent liver biopsy for HCC confirmation.

Two-hundred and four patients (84.0%) underwent a

median number of 2 (IQR: 1 - 3) neoadjuvant treat-

ments before LT, with 51 (25.1%) patients treated with

liver resection. According to mRECIST criteria [16], 75

(38.9%) patients presented a complete response, 36

(18.6%) patients showed a partial response/stable dis-

ease, while 82 (42.5%) patients experienced a disease

progression; 88.6% of patients resulted within Milan

criteria at the time of LT.

Median waitlist time lasted 5 (IQR: 2–8) months; 206

(84.1%) of the liver grafts were retrieved from a DBD

and 3 (1.2%) from a DCD donor, while 36 (14.7%)

patients underwent LDLT.

Thirty-six patients (17.6%) showed a complete patho-

logical response at explant pathology, and microvascular

invasion was detected in 64 (28.6%) patients.

Oncological and long-term results of LT

Median follow-up lasted 56 (IQR: 29–83) months.

Twenty-four HCC-related deaths were reported dur-

ing the follow-up period, while 30 patients died from

other causes, resulting in an 8.7% (95% CI: 5.5–12.8)
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cumulative 5-year incidence of HCC-related death

(Fig. 2) and an overall 5-year survival of 80.0% (95%

CI: 74.1–84.7).
Thirty-six HCC recurrences were observed, yielding a

5-year cumulative incidence of recurrence of 15.7%

(95% CI: 11.1–21.0).

Performance of Metroticket 2.0 calculator

Metroticket 2.0 prognostic accuracy was first evaluated

considering all the nodules identified during MDT

meetings attended before the blinded preoperative

imaging reclassification according to LI-RADS protocol,

resulting in a c-index of 0.72 (95% CI: 0.64 - 0.80).

Metroticket 2.0 calculator was sequentially tested

including different LI-RADS subclasses and compared

to the performance resulted from inclusion of all nod-

ules regardless of LI-RADS class (Table 3): incorpora-

tion of only LR-5 and LR-TR-V nodules resulted in a

significantly lower c-index of 0.60 (95% CI: 0.48–0.72;
P = 0.0089), and the addition of LR-4 nodules yielded a

similar c-index of 0.60 (95% CI: 0.48–0.72; P = 0.0068).

Conversely, inclusion of LR-3, LR-4, LR-5 and LR-

TR-V nodules resulted in a Metroticket 2.0 c-index of

Figure 1 Flow chart for patient selection.

Table 1. Number of patients and nodules according to LI-RADS protocol

LR-3 LR-4 LR-5 LR-TR-V LR-TR-NV LR-TR-E LR-NE No nodules Total

Nodules 111 55 176 63 150 6 6 - 567
Patients* 33 21 84 59 37 0 2 9 245

LR, LI-RADS; TR-V, treatment-viable; TR-NV, treatment-nonviable; TR-E, treatment-equivocal; NE, nonevaluable.

*The highest LI-RADS class was counted.
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0.65 (95% CI: 0.54–0.76), which did not significantly

differ compared to the original value of 0.72

(p = 0.0800).

Fine–Gray model prognostic accuracy

In order to verify the results of LI-RADS application to

Metroticket 2.0 model, we built a Fine–Gray Model

considering HCC-related death as the event of interest

and α-FP, number of nodules and diameter of the larger

nodule as covariates (Table 4).

Consideration of all nodules identified during multi-

disciplinary meetings attended before the blinded pre-

operative imaging reclassification according to LI-RADS

protocol resulted in a c-index of 0.73 (95% CI: 0.65–
0.81) incorporation of only LR-5 and LR-TR-V nodules

resulted in a significantly lower c-index of 0.60 (95%

Table 2. Patients and HCC characteristics at listing and
LT (N = 245).

Total (N = 245)

Age (year), median (IQR) 57 (52–61)
Gender, N (%)
Male 219 (89.4)
Female 26 (10.6)

Hepatitis-C viral infection, N (%) 147 (60.0)
Hepatitis-B viral infection, N (%) 60 (24.5)
Hepatitis-D viral coinfection, N
(%)

14 (5.7)

Alcohol abuse, N (%) 76 (31.0)
Other aetiologies, N (%) 11 (4.5)
Confirmation Biopsy, N (%) 9 (3.7)
α-FP (ng/ml) at listing, media N
(IQR)

9 (5–28)

MELD score at listing, media N
(IQR)

11 (9–14)

Number of nodules at listing,
media N (IQR)

1 (1–2)

Diameter of the largest nodule
(mm) at listing, media N (IQR)

20 (16–30)

Within Milan criteria at listing, N (%)
In 201 (82.7)
Out 42 (17.3)

Months from last radiological
assessment to LT, median (IQR)

2 (1–3)

Months from listing to LT,
median (IQR)

5 (2–8)

Neoadjuvant treatments, N (%)
Yes 204 (84.0)
No 39 (16.0)

Number of neoadjuvant
treatments, median (IQR)

2 (1–3)

Liver Resection, N (%) 51 (25.1)
Radiological response according to mRECIST at last pre-LT
imaging, N (%)
Complete 75 (38.9)
Partial/Stable 36 (18.6)
Progression 82 (42.5)

Number of vital nodules at last
pre-LT imaging, median (IQR)

1 (0–2)

Diameter of the largest vital
nodule (mm) at last pre-LT
imaging, median (IQR)

20 (14–30)

Within Milan criteria at last pre-LT imaging, N (%)
In 203 (88.6)
Out 26 (11.4)

Last α-FP (ng/ml) before LT,
median (IQR)

9 (4–25)

Donor category, N (%)
DBD 206 (84.1)
DCD 3 (1.2)
LDLT 36 (14.7)

Complete pathological response, N (%)
Yes 36 (17.6)
No 209 (82.4)

Table 2. Continued.

Total (N = 245)

Microvascular invasion, N (%)
Yes 64 (28.6)
No 160 (71.4)

α-FP, alpha-foetoprotein; DBD, donation after brain death;
DCD, donation after cardiac death; HCC, hepatocellular car-
cinoma; IQR, interquartile range; LD, living donor; LT, liver
transplantation; MELD, model for end-stage liver disease;
mRECIST, modified Response Evaluation Criteria in Solid
Tumours.

Figure 2 Cumulative incidence of death for HCC after liver trans-

plantation (N = 245).
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CI: 0.48–0.72; P = 0.0160), while addition of LR-4 nod-

ules yielded a similar c-index of 0.60 (95% CI: 0.48–
0.72; P = 0.0180).

Notably, inclusion of LR-3, LR-4, LR-5 and LR-TR-V

nodules resulted in a c-index of 0.69 (95% CI: 0.58–
0.80), which did not significantly differ compared to the

original value of 0.73 (P = 0.2600).

Discussion

The Metroticket 2.0 calculator is the only prognostic

index developed under a competing-risk framework and

allows to estimate the HCC-specific survival starting

from radiological staging and α-FP value. [8] Such

model was built on 1018 patients undergoing LT for

HCC in three tertiary Italian transplant centres includ-

ing nodules that fitted the EASL diagnostic criteria [11]

and validated on a 341 eastern cohort from Shanghai,

yielding a 5-year HCC-specific survival c-index of 0.72.

Preoperative workup of LT candidates mandatorily

includes contrast-enhanced imaging for HCC diagnosis

and staging. According to the current EASL guidelines,

[11] a nodule >1cm arising in a cirrhotic liver and pre-

senting typical radiological hallmarks is eventually diag-

nosed as HCC. On the other hand, the OPTN/UNOS

protocol [10] endorses stricter criteria for HCC

diagnosis in LT setting, with the aim to increase its

specificity and contrast the allocation of organs to false-

positive patients [18].

Since its initial release in 2011, the LI-RADS protocol

has been constantly refined in order to provide a stan-

dardized terminology, technique and interpretation of

liver imaging. LI-RADS classification identifies different

nodule subclasses with increasing probability of har-

bouring HCC, ranging from 38% in LR-3 up to 95% in

LR-5 nodules [13,14]. The major difference between the

EASL or OPTN/UNOS systems and LI-RADS protocol

is represented by their binary classification versus the

probabilistic algorithmic approach of LI-RADS [19].

The recent inclusion of LI-RADS protocol in the

AASLD guidelines for HCC management [12] repre-

sented a first step towards the standardization of diag-

nostic approach to liver tumours, though its role in

preoperative workup of LT candidate is little explored.

In particular, application of LI-RADS protocol in LT

setting raises the question on whether to include or

exclude those observations with an intermediate proba-

bility of harbouring HCC (such as LR-3 and LR-4 nod-

ules) from preoperative tumour staging.

As already stated, the Metroticket 2.0 identifies a con-

tinuum of outcome probabilities using morphological

and biological HCC characteristics: such model

Table 3. C-indices calculated from models using Metroticket 2.0 prediction risks, considering death for HCC as event
of interest (N = 245).

MetroTicket 2.0 model considering as nodules information: C-index 95% CI P-value*

Nodules identified during MDT meetings 0.72 0.64–0.80 Reference
LR-5 and LR-TR-V nodules 0.60 0.48–0.72 0.009
LR-4, LR-5 and LR-TR-V nodules 0.60 0.48–0.72 0.007
LR-3, LR-4, LR-5 and LR-TR-V nodules 0.65 0.54–0.76 0.08

MDT, multi-disciplinary team; CI, confidence interval.

*P-value to compare models with Li-RADS evaluation and MDT meetings derived model.

Table 4. C-indices calculated by applying Fine–Gray model considering death for HCC as event of interest and the
value of α-FP and the sum of number of nodules and the diameter of the largest nodule as covariates (N = 245).

Fine–Gray model considering as nodules information: C-index 95% CI P-value*

Nodules identified during MDT meetings 0.73 0.65–0.81 Reference
LR-5 and LR-TR-V nodules 0.60 0.48–0.72 0.016
LR-4, LR-5 and LR-TR-V nodules 0.60 0.48–0.72 0.019
LR-3, LR-4, LR-5 and LR-TR-V nodules 0.69 0.58–0.80 0.26

MDT: multi-disciplinary team; CI: confidence interval.

*P-value to compare models with Li-RADS evaluation and MDT meetings derived model.
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represents a reliable tool for preoperative risk stratifica-

tion of HCC transplant candidates, but could also be

applied for retrospectively assess the influence of LI-

RADS classification on post-transplant outcomes.

Following this design, Metroticket 2.0 performance

was originally tested including all the vital nodules iden-

tified during MDT meetings attended before a blinded

and retrospective reclassification of pre-LT imaging

according to LI-RADS protocol, yielding a 0.72 c-index;

such prognostic accuracy was comparable to that

accomplished in the original work that defined the cal-

culator [8].

Our analysis showed that the exclusion of LR-3 and

LR-4 nodules (which share an intermediate probability

for harbouring HCC) from the Metroticket 2.0 calculator

resulted in a significant drop in its prognostic accuracy,

with a c-index reduction from 0.72 to 0.60. On the other

hand, inclusion of all vital nodules ranging from LR-3 to

LR-5 classes raised its c-index to 0.65, with no statistically

significant difference from its original performance. Such

implications were also confirmed through a Fine–Gray
regression model that incorporated the same risk factors

of Metroticket 2.0, with similar outcomes.

Our results could possibly rely on misinterpretation

of tumour burden caused by inclusion or exclusion of

different nodules according to their LI-RADS class.

Since liver transplant candidates for HCC often present

multinodular disease, the categorization of each nodule

deeply influences preoperative staging and, conse-

quently, the prediction power of any prognostic model.

Considering the high specificity of LR-5 class accord-

ing to LI-RADS protocol, the exclusive incorporation of

this category in preoperative staging would grant the

stricter patient selection, at the cost of decreased sensi-

bility in HCC diagnosis for those nodules with lower

LI-RADS classes. A similar drawback has also been

highlighted in a retrospective evaluation of the OPTN/

UNOS classification system, which shares a similar

high-specificity approach [18]. The reduced perfor-

mance of Metroticket 2.0 calculator after exclusive con-

sideration of LR-5 (and LR-TR-V) subclass could

therefore be explained by an underestimation of tumour

load because of the exclusion of other nodules with

intermediate probability for harbouring HCC: although

this percentage lies between 38% for LR-3 and 74% for

LR-4 subclass [20], the presence of HCC focus eventu-

ally results in an biased estimation of the preoperative

tumour burden. In this setting, the Metroticket 2.0

would erroneously predict a better outcome justifying

the lower c-index of our retrospective evaluation based

on actuarial HCC-specific survival.

In contrast, considering the lower specificity of LR-3

and LR-4 compared to LR-5 class, incorporation of

those nodules in preoperative staging could led to an

overestimation of preoperative tumour burden, with

similar effects on the prognostic accuracy of the Metro-

ticket 2.0 calculator (although clinically opposite). Such

consideration might partially explain the slight nonsta-

tistically significant difference between the Metroticket

2.0 c-indices derived from inclusion of LR-3/5 vs. all

nodules identified during MDT meetings; taking into

account the extremely low probability (ranging from 0

to 16%) of LR-1 and LR-2 nodules for harbouring

HCC, this nonstatistically significant difference in

Metroticket 2.0 performance could also rely on a partial

(although unlikely) underestimation of tumour burden

because of their exclusion from the analysis.

The main limitations of this study are represented by

its retrospective nature, which may imply selection and

indication biases, as well as the lack of a correlation

analysis of radiological and pathological characteristics

for every nodule. Although the evaluation of postopera-

tive pathology would have reinforced our conclusions

(i.e. highlighting unfavourable pathological HCC char-

acteristics [21]), it must be pointed out that pathologi-

cal diagnosis is rarely performed preoperatively in

common clinical practice, as documented by the 3.7%

rate of confirmatory biopsy reported in our study, while

pure radiological evaluation of tumour burden repre-

sents the actual tool for preoperative staging.

A recent multicentric analysis by Cucchetti et al. [22]

highlighted how the evaluation of tumour response to

neoadjuvant treatments through mRECIST criteria could

improve the Metroticket 2.0 prognostic accuracy by iden-

tifying HCC patients with pre-LT disease progression

sharing a higher risk of tumour-related death. Despite this

growing evidence supporting the pivotal role of response

to neoadjuvant treatments in determining post-transplant

outcomes and guide patient prioritization and liver allo-

cation [23], this biological surrogate of tumour behaviour

was not included in the Metroticket 2.0 model and conse-

quently in this analysis: in fact, our study aim was to

assess which nodules according to LI-RADS classification

need to be considered in the Metroticket 2.0 in order to

achieve its best accuracy rather than improve its perfor-

mance. Combined evaluation of LI-RADS classification,

radiological response to neoadjuvant treatments and

prospective pathological analysis of the liver explants rep-

resents an interesting field for future research that could

further improve HCC patient selection in LT setting.

Despite these limitations, our study supports a cau-

tious application of LI-RADS classification in LT
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setting, suggesting the inclusion of every vital nodule

with an intermediate-to-high probability of harbouring

HCC according to LI-RADS protocol in order to grant

the best performance of the Metroticket 2.0 model.

The results of this single-centre evaluation should be

hopefully validated in larger multicentric populations in

order to draw stronger conclusions.
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