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Abstract

AIM
To investigate the prognostic value of the radiologi-
cal response after transarterial chemoembolization
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(TACE) and inflammatory markers in patients affected
by hepatocellular carcinoma (HCC) awaiting liver
transplantation (LT).

METHODS

We retrospectively evaluated the preoperative pre-
dictors of HCC recurrence in 70 patients treated with
conventional (7 = 16) or doxorubicin-eluting bead
TACE (n = 54) before LT. The patient and tumour
characteristics, including the static and dynamic
alpha-fetoprotein, neutrophil-to-lymphocyte ratio and
platelet-to-lymphocyte ratio (PLR) measurements, were
recorded. Treatment response was classified according
to the modified Response Evaluation Criteria in Solid
Tumours (MRECIST) and the European Association
for the Study of the Liver (EASL) criteria as complete
response (CR), partial response (PR), stable disease or
progressive disease. After examination of the explanted
livers, histological necrosis was classified as complete
(100% of the cumulative tumour area), partial
(50%-99%) or minimal (< 50%) and was correlated
with the preoperative radiological findings.

RESULTS

According to the pre-TACE radiological evaluation,
22/70 (31.4%) and 12/70 (17.1%) patients were
beyond Milan and University of San Francisco (UCSF)
criteria, respectively. After TACE procedures, the
objective response (CR + PR) rates were 71.4%
and 70.0% according to mRECIST and EASL criteria,
respectively. The agreement between the two
guidelines in defining the radiological response was
rated as very good both for the overall and target
lesion response (weighted k-value: 0.98 and 0.93,
respectively). Complete and partial histological necrosis
were achieved in 14/70 (20.0%) and 28/70 (40.0%)
patients, respectively. Using histopathology as the
reference standard, mRECIST criteria correctly classified
necrosis in 72.9% (51/70) of patients and EASL criteria
in 68.6% (48/70) of cases. The mRECIST non-response
to TACE [Exp(b) = 9.2, P = 0.012], exceeding UCSF
criteria before TACE [Exp(b) = 4.7, P = 0.033] and
a preoperative PLR > 150 [Exp(b) = 5.9, P = 0.046]
were independent predictors of tumour recurrence.

CONCLUSION

The radiological response and inflammatory markers
are predictive of tumour recurrence and allow the
proper selection of TACE-treated candidates for LT.

Key words: Liver transplantation; Recurrence-free
survival; Hepatocellular carcinoma; Radiological response;
Locoregional therapies; Inflammatory markers; Selection
criteria

© The Author(s) 2017. Published by Baishideng Publishing
Group Inc. All rights reserved.

Core tip: The response to loco-regional therapy and
biological markers appear to stratify the prognosis
of hepatocellular carcinoma patients awaiting liver
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transplantation (LT) better than morphological criteria;
however, their role in the selection scheme still needs
validation. We analysed a homogeneous cohort
of 70 patients treated exclusively by transarterial
chemoembolization (TACE) prior to LT; the radiological
response was assessed by two different enhancing
methods (mMRECIST and EASL criteria) that provided
an accurate preoperative estimation of histological
necrosis. We also demonstrated that a lack of response
to TACE and a high platelet-to-lymphocyte ratio before
surgery are strongly predictive of tumour recurrence,
independently of the Milan criteria status at referral.

Nicolini D, Agostini A, Montalti R, Mocchegiani F, Mincarelli
C, Mandolesi A, Robertson NL, Candelari R, Giovagnoni A,
Vivarelli M. Radiological response and inflammation scores
predict tumour recurrence in patients treated with transarterial
chemoembolization before liver transplantation. World J
Gastroenterol 2017; 23(20): 3690-3701 Available from: URL:
http://www.wjgnet.com/1007-9327/full/v23/i20/3690.htm DOI:
http://dx.doi.org/10.3748/wjg.v23.120.3690

INTRODUCTION

Liver transplantation (LT) is the best chance of a cure
for patients with hepatocellular carcinoma (HCC)™,
removing both the tumour and underlying cirrhosis,
known to be a premalignant condition. Over the past
two decades, several dimensional criteria, based
on tumour size and number, have been validated
to identify patients with a lower risk of recurrence
after LT. The Milan Criteria (MC)™ are currently
considered the gold-standard for selecting patients for
LT at most transplant centres worldwide™. Tumour
features including microvascular invasion (mVI), poor
histopathological differentiation and gene expression
profiles are universally recognized as strong prognostic
indicators!*®!; however, these features are rarely
assessable at the pre-operative diagnostic work-up.

Locoregional treatments (LRTs) are used in patients
awaiting LT to help prevent progression while on the
waiting list (bridging therapy) and as neoadjuvant
treatment to downstage HCC according to the com-
monly accepted MC or University of San Francisco
criteria (UCSF)™,

It has been shown that applying the MC to baseline
imaging may incorrectly stage a patient with HCC
in over 30% of cases compared with assessing the
explanted histopathological specimen”"®. Furthermore,
two prospective studies have demonstrated favourable
outcomes in patients with advanced HCC treated with
neoadjuvant therapy with successful down-staging
prior to LT, These findings suggest that reliable
selection criteria for LT candidates require more than
static dimensional criteria based on preoperative liver
imaging.

Transarterial chemoembolization (TACE) is the
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most extensively studied and widely used neoadjuvant
therapy in current clinical practice™ . To define the
treatment response, the modified Response Evaluation
Criteria In Solid Tumours (MRECIST)™ and European
Association for the Study of the Liver (EASL)"* criteria
are enhancement methods used in the transplant!>*”?
and non-transplant settings!®*?l, Although the post-LT
prognosis can be predicted using mRECIST response
dynamics following TACE!">?%, the accuracy of this
criterion remains controversial compared with the
histopathological standard of reference!*®**,

Regarding serum tumour markers, alpha-fetoprotein
(AFP) levels”*! and their fluctuation during the waiting
list (WL) period®*?*! have been shown to predict
tumour recurrence in many clinical experiences® >,
However, there is no universally agreed upon cut-off
value that would make a patient ineligible for LT®*?®,
Besides AFP, a growing number of recent studies have
emphasized the association between tumour biological
aggressiveness and the “so-called” inflammatory
markers, namely the neutrophil-to-lymphocyte ratio
(NLR)™3" and platelet-to-lymphocyte ratio (PLR)™?.
These laboratory markers are inexpensive and readily
available, but their prognostic role in HCC recurrence
and WL dropout remains widely debated™*.

We evaluated the radiological response and pre-
operative inflammation scores as prognostic variables
to predict post-transplant HCC recurrence, through
comprehensive multivariate analysis of preoperative
risk factors in 70 consecutive patients treated with TACE
at our institution. The accuracy of mRECIST and EASL
criteria for the prediction of histological necrosis was
also evaluated.

MATERIALS AND METHODS

The study population was retrieved from the ins-
titutional, prospectively entered database of the
Hepatobiliary and Transplant Unit of Polytechnic
University of Marche, Ancona. Between August 2005
and December 2014, 114 liver transplants were
performed in patients with histologically confirmed
HCC in the background of liver cirrhosis. Patients who
did not receive neoadjuvant treatment (n = 24), who
received a type of neoadjuvant therapy other than
TACE (n = 15) or who were transplanted before the
scheduled post-TACE imaging evaluation (n = 5) were
excluded from the analysis. The final study population
included 70 patients who exclusively underwent one or
more TACE sessions prior to LT.

The preoperative diagnosis of HCC was based on
EASL guidelines'. Thoracic and abdominal contrast-
enhanced computed tomography (CT) or multiphasic
contrast-enhanced MRI imaging was performed before
TACE to exclude intra-abdominal or pulmonary tumour
spread, lymphatic metastasis or macrovascular
invasion of the portal branches. In line with our
institution’s policy, TACE was performed in patients
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with a greater tumour burden than described by the
MC at initial imaging, or in patients fulfilling MC with
an expected waiting list time of longer than 2 mo.
The patient eligibility for LT was discussed during
the weekly local multidisciplinary liver transplant
committee meeting, considering all aspects of the pre-
operative work-up and staging test results.

The patient demographics, aetiology of cirrhosis,
Child-Pugh and Model for End-Stage Liver Disease
(MELD) scores, and imaging and pathological records
were collected for each patient. Laboratory factors
related to tumour biology such as serum AFP and
inflammation-based scores were recorded at two
different well-defined time points: the day of admission
to perform the first TACE and immediately before
surgery. The NLR is expressed as the ratio between the
absolute blood count of neutrophils and lymphocytes.
The PLR is the ratio between the absolute blood count
of platelets and lymphocytes. The prognostic value
of both static and dynamic (difference between initial
and final values divided by the time lapse between
the two referral points) AFP, NLR and PLR values were
evaluated.

The transplant procedures were performed using
deceased donor allografts. The immunosuppressive
schedule included mammalian target of rapamycin
inhibitors (Everolimus) in association with low-dose
calcineurin inhibitor (Tacrolimus) in most patients.
Steroids were gradually tapered and discontinued after
3 mo in all patients.

Screening for tumour recurrence involved serial AFP
measurements, 3 monthly abdominal ultrasounds and
annual contrast-enhanced CT chest/abdomen imaging.

TACE procedures and assessment of the radiological
response

All patients underwent baseline celiac and superior
mesenteric arteriography using femoral artery puncture.
Conventional TACE was performed by administering 50
mg of epirubicin in an emulsion with Lipiodol followed by
embolization with gelatin sponge particles. Doxorubicin-
eluting bead TACE (DEB-TACE) was performed using DC
beads impregnated with 75 mg of doxorubicin in each
vial. When the radiologic findings demonstrated residual
viable tumour in the treated nodules or new lesions,
patients with a low risk of decompensation underwent
further TACE therapy.

Two radiologists (Agostini A and Giovagnoni A,
with 5 and 25 years of experience, respectively,
in liver imaging) evaluated the baseline contrast-
enhanced imaging (dynamic MRI or CT) and last
available imaging before LT to define the tumour
response according to mRECIST and EASL guidelines.
Both mRECIST and EASL guidelines define viable
tumour as the area of enhancement during the
arterial phase. For each measurable lesion, the largest
diameter and largest perpendicular diameter were
recorded; the first was used to assess the target lesion
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response according to mRECIST (based on the sum
of unidimensional measurements), and the product of
both measurements was used to assess the response
of measurable lesions according to EASL. Both criteria
define a complete response (CR) as the absence of
arterial enhancement within a lesion. mRECIST defines
a partial response as at least a 30% decrease in the
sum of the longest diameter of target lesions, taking
as the reference the baseline sum longest diameter;
progressive disease (PD) is defined as an increase of
at least 20% of the sum of the longest diameter of
the target lesions. EASL defines a PR as a decrease
of at least 50% of the sum of cross products of the
enhancing diameters, while PD is defined as an
increase of at least 25%. Stable disease (SD) occurs
when neither PR nor PD is assigned with both criteria.
New lesions denote PD for mRECIST and EASL. Overall,
the patient response is a result of the combined
assessment of target lesions, non-target lesions, and
new lesions. Patients obtaining a CR or PR after TACE
cycles are defined as objective responders (OR).

Evaluation of the explanted livers

A dedicated liver pathologist performed the analysis
of all explanted livers that were serially cut into
sections of approximately 0.5-cm thick. Tumour grade
according to the Edmonson and Steiner classification
was assessed except when complete necrosis of the
tumour was achieved. The presence of satellite lesions
and mVI were also reported. Nodule necrosis was
expressed as the percentage of necrotic tissue within
the whole area of the nodule. In patients with multiple
lesions, the necrosis of the cumulative tumour area
(% of necrosis on CTA) was calculated, including that
of non-treated tumours, as a mean of necrosis rates
weighted on nodular areas. To explore the accuracy
of radiological criteria in predicting the histological
outcome, we assumed that the CR corresponds to
100% of necrosis on CTA (no viable cells detected),
whereas PR corresponds to 50%-99% of necrosis
on CTA and SD or PD correspond to < 50% necrosis
on CTA. For the radio-histological correlation of
target lesions, the percentage of necrosis on CTA
was re-calculated considering only nodules = 1 cm
in diameter at pathology. Adherence to MC or UCSF
criteria was re-assessed at pathological examination
using only the viable portion of each nodule.

Statistical analysis

Categorical variables are reported as numbers and
percentages and were compared with Fisher’s exact
test. Continuous variables are reported as medians
and interquartile ranges (IQRs); the Mann-Whitney
U test was applied to compare continuous variables in
different subgroups of patients, whereas any difference
in laboratory values before and after TACE therapy
was investigated using the Wilcoxon test. Continuous
variables such as AFP serum levels, AFP slope, NLR,
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and PLR were dichotomized according to previously
reported threshold values (400 ng/mL for the static AFP
value and 15 ng/mL per month for the AFP slope; 4
for NLR and 150 for PLR)®**'*"], Third-quartile values,
corresponding to 0.24 and 3.04/mo, were used for the
NLR and PLR slopes, respectively. The rank correlation
test for nonparametric continuous variables (Kendall’
s tau) was applied to investigate the relationship
between the amount of necrosis and different
categories of the radiological response. The agreement
in defining the radiological response between mRECIST
and EASL criteria was explored by the k-cohen test.
The impact of each individual variable in determining
HCC recurrence-free survival (RFS) was assessed
by the Kaplan-Meier method and was compared by
the log-rank test. A multivariate Cox proportional
regression model (stepwise method) was designed to
investigate risk factors independently related to HCC
recurrence, considering only preoperative variables
that proved to be significant (P value < 0.05) after
univariate analysis. Statistical significance was set at a
P value < 0.05.

RESULTS

Patient characteristics
The demographics and clinical characteristics of the
70 patients included in the study are summarized in
Table 1. The median post-LT follow-up was 38.4 (IQR:
24.8-68.6) mo. At the initial radiological evaluation,
multifocal HCC was detected in 30 (42.9%) patients,
and the median diameter of the largest nodule was 2.6
(IQR: 2.0-3.4) cm. Twenty-two (31.4%) patients were
beyond MC, and 12 (17.1%) were also outside the
UCSF criteria.

Globally, 124 TACE procedures were performed in
70 LT candidates; 37 (52.8%) patients underwent two
or more TACE sessions. The number of treatments did
not significantly differ between the patients classified
within or beyond MC according to the initial imaging (P
= 0.1546). The median time interval between the first
TACE and LT was 6.9 (IQR: 3.7-11.0) mo. DEB-TACE
was employed more frequently (77.1% of patients)
than c-TACE (22.9%).

Radiological response to TACE and comparison with
pathology
According to mRECIST criteria, the OR rate was
71.4%, with 24 (34.3%) patients achieving CR and
26 (37.1%) patients achieving PR (Table 2). When
EASL criteria were applied to define the response to
TACE, a CR was seen in 24 (34.3%) patients, a PR in
25 (35.7%), SD in 11 (15.7%) and PD in 10 (14.3%).
The agreement between the two guidelines in defining
the radiological response was rated as very good both
for the overall and target lesion response (weighted
k-value 0.98 and 0.93, respectively).

Considering only the viable portion of the nodules,
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Table 1 Clinical, radiological and laboratory characteristics of the study population at the initial evaluation 7 (%)

Variable

All treated patients (7 = 70)

Demographics and indications
Age at LT (yr) [median (IQRs)]
Male gender
Biochemical MELD Score [median (IQRs)]
Child-Pugh class A/B/C
Virus B-related cirrhosis
Virus C-related cirrhosis
Pre-TACE radiological evaluation
Type of imaging technique (CT/MR)
Exceeding Milan criteria
Exceeding UCSF criteria
Number of nodules [median (IQRs)]
Single/multiple
Sum of nodule diameters (cm) [median (IQRs)]
Sum of nodule diameters > 5 cm
Diameter of the largest nodule (cm) [median (IQRs)]
Diameter of the largest nodule > 5 cm
Pre-TACE laboratory evaluation
'AFP (ng/mL) [median (IQRs)]
AFP > 400 ng/mL
*NLR [median (IQRs)]
NLR >4
°PLR [median (IQRs)]
PLR > 150
AST/ALT (U/L) [median (IQRs)]
WBC (x 10°/ mmc) [median (IQRs)]
Characteristics of TACE and time-intervals between procedures
Number of treatments [median (IQRs)]
Repeated TACE
Type of TACE (DEB/ conventional)
Interval of last imaging-LT (mo) [median (IQRs)]
Interval of last TACE-LT (mo) [median (IQRs)]
Interval of first TACE-LT (mo) [median (IQRs)]

57 (51-62)

62 (88.6)

11 (7-15)

29 (41.4)/27 (38.6)/14 (20.0)

15 (21.4)

41 (58.6)

49 (70.0)/21 (30)
22 (31.4)
12 (17.1)

1(1-2)

40 (57.1)/30 (42.9)
335 (2.1-5.4)
22 (31.4)

2.6 (2.0-3.4)

7 (10.0)

125 (5.8-52.0)
5(8.1)
2.0 (1.4-3.1)
13 (20.3)
67.2 (44.6-84.0)
23.1)
69 (43.7-108.7)/56 (34.0-88.2)
47 (3.7-5.8)

2(1-2)
37 (52.9)

54 (77.1)/16 (22.9)
14 (0.7-2.7)
3.9 (2.1-7.4)
6.9 (3.7-11.0)

'The AFP value was missing in 8 patients; "TACE NLR was missing in 6 patients; "PLR was missing in 6 patients. LT: Liver transplantation; IQR:

Interquartile range; MELD: Model for End-Stage Liver Disease; TACE: Transarterial chemoembolization, CT: Computed tomography; MR: Magnetic
resonance, USCF: University of California San Francisco; AFP: Alpha-fetoprotein; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio;

AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; WBC: White blood cell; DEB: Doxorubicin-eluting bead.

12 (17.1%) patients were beyond MC at pathological
examination. The median percentage of necrosis on
CTA was 62.5% (IQR: 23.3-95.4); 14 (20.0%) patients
exhibited complete necrosis. Histological necrosis
significantly differed across the different response
categories as defined by mRECIST and EASL. Using
mRECIST, the patients classified as CR, PR or SD/PD
showed a percentage of necrosis on CTA of 86.6%,
64.1% and 16.4%, respectively (Kendall’s Tau: 0.66,
P < 0.0001). Similarly, patients assigned to CR, PR or
SD/PD as defined by EASL showed a % of necrosis
on CTA of 86.6%, 60.5% and 22.9%, respectively
(Kendall's Tau: 0.61, P < 0.0001). No correlation was
found between the amount of histological necrosis and
time interval between the last radiological assessment
and LT or the interval between the last TACE and LT.
The accuracy of the mRECIST overall response
was 72.9% (51 patients). In 17 (24.3%) cases,
MRECIST overestimated histopathological necrosis,
and in 2 (2.9%) cases, mRECIST underestimated
tumour necrosis as seen on imaging before LT. When
EASL criteria were applied, the accuracy was slightly
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lower (48 patients; 68.6%), with 18 (25.7%) cases of
overestimation and 4 (5.7%) cases of underestimation
(Table 3). Overall, the accuracy in discriminating
responders from non-responders was 85.7% and
81.4% for mRECIST and EASL criteria, respectively.

Biological markers

Before TACE, 5 (8.1%) patients had an AFP value
higher than 400 ng/mL, and 13 (20.3%) patients had
an NLR > 4. The median PLR initial value was 67.2
(IQR: 44.6-84.0) (Table 1). Considering the initial
radiological evaluation, no differences were found in
terms of AFP, NLR or PLR between patients fulfilling or
exceeding MC (P = 0.5148, P = 0.2672 and P = 0.3780,
respectively). The pre-LT values of biological markers
and their fluctuation during the observation period are
displayed in Table 2. An increase in AFP of more than
15 ng/mL per month was seen in 6 (10.2%) patients.
At the time of LT, patients who did not respond to TACE
(SD or PD) did not have significantly higher levels of
AFP, NLR or PLR compared with those who achieved an
OR (CR or PR). With respect to their pre-TACE values,
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Table 2 Radiological and laboratory characteristics of the study population after transarterial chemoembolization procedures and

tumour histopathological data 7 (%)

Variable

All treated patients (7 = 70)

Pre-LT radiological evaluation
mRECIST overall response
Complete/partial response
Stable/progressive disease
EASL overall response
Complete/partial response
Stable/progressive disease
Number of enhancing nodules [median (IQRs)]
None/single/multiple
Sum of enhancing diameters (cm) [median (IQRs)]
Sum of enhancing diameters > 5 cm
Diameter of the largest enhancing nodule (cm) [median (IQRs)]
Diameter of the largest enhancing nodule > 5 cm
Pre-LT laboratory evaluation
'AFP (ng/mL) [median (IQRs)]
AFP > 400 ng/mL
*AFP increase > 15 ng/mL per month
NLR [median (IQRs)]
NLR > 4
°NLR increase > 0.24
PLR [median (IQRs)]
PLR > 150
°PLR increase > 3.04
AST/ALT (UI/L) [median (IQRs)]
WBC (x 10°/ mmc) [median (IQRs)]
Tumour histopathological characteristics
Number of viable nodules [median(IQRs)]
Number of viable nodules > 3
Tumour differentiation (‘Gx/G1-G2/G3-G4)
Microvascular invasion
Exceeding Milan criteria
Exceeding UCSF criteria
% of necrosis on cumulative tumour area (100/99-50/ < 50)

24 (34.3)/26 (37.1)
10 (14.3)/10 (14.3)

24 (34.3/25 (35.7)
11 (15.7)/10 (14.3)
1 (0.0-2.0)
24 (34.3)/22 (31.4)/24 (34.3)
1.4 (0.0-3.3)
8 (11.4)
1.3 (0.0-2.1)
1(1.4)

13.5 (5.3-65.0)
6(9.1)
6(10.2)
26 (1.8-38)
15 (21.4)
16 (29.6)
62.9 (49.7-85.9)
5(7.1)
16 (29.6)
68 (43-100)/49 (32-76)
47 (37-58)

1(1-3)
11 (15.7)
14 (20.0)/48 (68.6)/8 (11.4)
8 (11.4)
12 (17.1)
11 (15.7)
14 (20.0)/28 (40.0)/28 (40.0)

'The AFP value was missing in 4 patients; “The AFP progression value was missing in 11 patients due to the lack of pre-TACE or pre-LT value; NLR

and PLR modification was missing in 6 patients due to the lack of pre-TACE values; ‘Tumour grading was not available in 14 patients with complete
histological necrosis at the explant examination. LT: Liver transplantation; mRECIST: Modified Response Evaluation Criteria in Solid Tumours; EASL:
European Association for the Study of the Liver; IQR: Interquartile range; AFP: Alpha-fetoprotein; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-
lymphocyte ratio; AST: Aspartate aminotransferase; ALT: Alanine aminotransferase; WBC: White blood cell; USCF: University of California San Francisco.

a significant increase in the median NLR was seen
in patients who experienced an OR after LRT (1.9 vs
2.9, P = 0.0025); this increment was less evident in
patients who did not respond to TACE (2.0 vs 2.4, P =
0.0539).

Predictors of HCC recurrence
Eight (11.4%) patients in the entire cohort developed
HCC recurrence after a median period of 16.9 mo (IQR:
14.2-23.4, range: 9.7-38.3). The three-year patient
and recurrence-free survival rates were 79.9% and
86.4%, respectively. Five patients were found to have
recurrence in the liver, one patient had spinal cord
recurrence in addition to liver lesions, a further patient
had an adrenal gland deposit, and the final patient was
found to have recurrent pulmonary disease. Two of
eight patients were alive with recurrence at the time of
data extraction.

On multivariate Cox regression analysis, mRECIST
non-response to TACE at the last imaging before LT
[Exp(b) = 9.2, CI: 1.6-51.3, P = 0.0119] was the
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strongest predictor of HCC recurrence. The lack of
fulfilment of UCSF criteria before TACE [Exp(b) = 4.7,
CI: 1.1-19.3, P = 0.0331] and an increased (> 150)
PLR before LT [Exp(b) = 5.9, CI: 1.0-33.9, P = 0.0458]
were also independently associated with tumour
recurrence (Table 4).

The presence of multiple nodules at initial imaging
and an AFP level greater than 400 ng/mL prior to
performing TACE were significantly associated with
HCC recurrence after univariate analysis but were not
confirmed as independent prognostic factors after
multivariate analysis. Notably, the MC status at initial
radiological evaluation was not significantly associated
with HCC recurrence in our cohort (P = 0.0736).

Stratifying the entire cohort according to the
risk factors that proved statistically significant after
multivariate analysis (pre-LT PLR > 150, mRECIST non
response and exceeding UCSF criteria before TACE),
patients beyond MC at the initial radiological evaluation
with at least one risk factor (15 patients) experienced
the worst outcome in terms of recurrence (3-year RFS
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Table 3 Correlation analysis between histological necrosis and radiological response according to modified Response Evaluation

Ciriteria in Solid Tumours and European Association for the Study of the Liver criteria n (%)

Target lesion response
% of necrosis on CTA'

Overall response
% of necrosis on CTA

Patients (1) Patients (1)

100 50-99 < 50 100 50-99 < 50

mRECIST

Complete response 24 13 (54.2) 8 (33.3) 3 (12.5) 29 16 (55.2) 8 (27.6) 5(17.2)

Partial response 26 1(3.8) 19 (73.1) 6(23.1) 25 2(8.0) 16 (64.0) 7 (28.0)

Stable/progressive disease 20 0 (0.0) 1 (5.0) 19 (95.0) 16 0 (0.0) 0 (0.0) 16 (100.0)
EASL

Complete response 24 13 (54.2) 8(33.3) 3 (12.5) 29 16 (55.2) 8 (27.6) 5(17.2)

Partial response 25 1 (4.0) 17 (68.0) 7 (28.0) 25 1 (4.0) 15 (60.0) 9 (36.0)

Stable/progressive disease 21 0 (0.0) 3(14.3) 18 (85.7) 16 1(6.3) 1(6.3) 14 (87.5)

'For radio-histological correlation of the target lesion response, the percentage of necrosis on CTA was re-calculated considering only nodules = 1 cm in
diameter. CTA: Cumulative Tumour Area; mRECIST: Modified Response Evaluation Criteria in Solid Tumours; EASL: European Association for the Study
of the Liver.

Table 4 Univariate and multivariate analysis of the preoperative risk factors related to tumour recurrence

Risk factors Univariate analysis Multivariate analysis

3-yr RFS rate (%) HR (95%CI) Log-rank P value Exp(b) (95%CI) P value
Pre-TACE radiological and
laboratory evaluation
Exceeding Milan criteria 77.7vs 91.2 3.41 (0.78-14.92) 0.074
Exceeding UCSF criteria 60.6 s 92.8 5.06 (0.78-32.74) 0.011 4.69 (1.14-19.30) 0.033
Multiple nodules 77.2vs93.4 4.33 (1.06-17.72) 0.049 1.77 (0.27-11.48) 0.550
AFP > 400 ng/mL 80.0 vs 85.3 1.96 (0.13-30.81) 0.520
NLR > 4 100 vs 80.4 NA 0.185
PLR > 150 50.0 vs 88.6 5.98 (0.06-573.48) 0.059
Pre-LT radiological and
laboratory evaluation
mRECIST non response 71.2vs 94.3 6.96 (1.54-31.50) 0.006 9.19 (1.65-51.30) 0.012
EASL non response 76.8 vs 91.6 3.67 (0.82-16.34) 0.056
AFP > 400 ng/mL 83.3 v5 89.0 4.74 (0.29-77.77) 0.034 1.43 (0.23-9.10) 0.703
AFP increase > 15 ng/mL/mo 41.7 vs 87.7 3.89 (0.30-50.72) 0.072
NLR > 4 80.8 vs 87.9 1.54 (0.25-9.41) 0.594
NLR increase > 0.24/mo 83.3 vs 100 NA 0.114
PLR > 150 50.0 vs 89.1 5.32 (0.28-101.01) 0.022 5.95 (1.04-33.95) 0.046
PLR increase > 3.04 80.8 vs 88.7 1.48 (0.24-9.04) 0.636

RFS: Recurrence-free survival; HR: Hazard ratio; TACE: Transarterial chemoembolization; USCF: University of California San Francisco; AFP: Alpha-
fetoprotein; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; LT: Liver transplantation; mRECIST: Modified Response Evaluation

Criteria in Solid Tumours; EASL: European Association for the Study of the Liver.

= 67.3%) (Figure 1). Interestingly, patients initially
classified as MC-OUT without risk factors (7 patients)
achieved excellent 3-year RFS rates (100%), similar
to MC-IN patients without risk factors (95.5%) and
even slightly better than patients fulfilling MC with risk
factors (83.9%).

DISCUSSION

Dimensional selection criteria, in particular MC, are
widely used to define eligibility for LT in HCC patients
in many transplant centres. There is increasing
evidence to show that additional variables may play
an important role in patient prognosis because it is
recognized that some patients falling within the MC
have a poor outcome following LT, whereas some
patients falling outside of the criteria demonstrate a
good outcome. There are several factors that affect
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a patient’s prognosis; in particular, a significant
association has been demonstrated between the
presence of mVI, poorly differentiated tumour
grading and HCC recurrence®?!. Unfortunately, the
usefulness of these variables for selecting patients
for LT is limited because they usually cannot be
assessed in the pre-operative setting!****!. Moreover,
the radiological staging for HCC at referral (“inside”
or “outside” MC) may be unreliable, under-staging
or over-staging up to 25% of cases compared with
surgical histopathology"®. In the context of LRT, this
discrepancy is confirmed when considering the last
imaging available before LT, with incorrect radiological
staging in up to 26% of patients'*”. This suggests that
further variables, in addition to lesion size and number,
should be considered when selecting patients for LT.
TACE is the most commonly used technique™!! for
bridging or down-staging patients with HCC prior to
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Figure 1 Recurrence-free survival probabilities according to the preoperative risk factors. A: Comparison of recurrence-free survival probabilities according to
the radiological response (MRECIST criteria) after transarterial chemoembolization (TACE); B: Comparison of recurrence-free survival probabilities according to the
University of California, San Francisco (UCSF) criteria at imaging before TACE; C: Comparison of recurrence-free survival probabilities according to the platelet-to-
lymphocyte ratio (PLR) before liver transplantation (LT); D: Risk stratification of tumour recurrence according to the Milan criteria (MC) at imaging before TACE and the
presence of the independent prognostic factors identified after multivariate analysis (pre-LT PLR > 150, mRECIST non response and exceeding UCSF criteria before

TACE).

LT, and the treatment response has been suggested
as a surrogate marker of tumour biology and predictor
of post-LT outcome®'*****1 Recently, Lai et a/**”
conducted a European multicentre study looking at
the radiological response to LRT in 422 patients with
HCC. The authors demonstrated that an AFP slope
of more than 15 ng/mL per month and radiological
PD according to mRECIST were unique independent
risk factors for tumour recurrence and death, both
in patients classified within or beyond MC before
LRT. Similarly, Kim and colleagues identified that
nonresponse to TACE (SD or PD) and a tumour size
greater than 3 cm were preoperative predictors of
recurrence in 173 patients treated with TACE before
LT,

However, the reproducibility of these study findings
is affected by treatment heterogeneity, the centre-
specific criteria for LT and the reported outcome
measures (post-LT recurrence or survival, achievement
of tumour necrosis and classification of radiological
response). Thus, some authors stratified the radio-
logical response according to traditional RECIST
criteria, or “self-established” radiological criteria,
which probably lack reproducibility in other patient
cohorts. For example, Otto and colleagues defined
“any progression” as any increase in the sum of the
diameter of target lesions (even if less than 20%),

Baishidenge ~ WJG | www.wjgnet.com

3697

in contradiction to mRECIST or EASL guidelines™®,

Furthermore, the team from UCLA, who have reported
on the largest single-institution series of HCC patients
undergoing LRT and LT, defined the radiological
response by the arterial enhancement of treated
lesions [absent, possible or definite viable tumour (or
new tumours)]. This seems to be an oversimplification
of the commonly accepted mRECIST criteria.

The use of validated and well-defined parameters
such as mRECIST or EASL guidelines has been
shown to be the most accurate method of evaluating
treatment response; in contrast to the RECIST
criteria, they consider intratumoural necrosis when
estimating a decrease in the tumour burden and not
only the reduction in the overall tumour size. In our
analysis, we applied these two criteria to explore their
prognostic performance, inter-method agreement
and accuracy in predicting different subcategories of
necrosis. The agreement between the two guidelines
was rated as very good for both the overall and
target lesion responses; a non-response according
to mRECIST criteria, namely SD or PD, was seen to
be an independent prognostic factor for recurrence.
This important point should be highlighted because
there is currently no consensus regarding the
radiological response and association with disease
recurrence or patient drop-out from WL. In particular,
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some authors have previously suggested that only
radiological tumour progression is predictive of post-
LT tumour recurrence®***; in keeping with these
findings, patients classified as SD following LRT, with
no evidence of progression, may be prioritized for LT.
However, in the absence of a radiological response,
these patients with SD could be at a higher risk of
recurrence.

Accurate preoperative radiological estimation
of tumour necrosis is essential, particularly in light
of recent evidence. In two large series of patients,
complete or nearly complete histological response to
LRT was shown to improve long-term survival after
LTI*®1, At the per-patient level, the accuracy of the
mMRECIST overall response was 72.9%, whereas
EASL criteria correctly defined histological necrosis
in 68.6% of our patients. Other studies reporting on
the reliability of radiological criteria via a pathological-
radiological correlation have reported accuracies
ranging from 57% to 74.3% for EASL criteria®"**>"
and from 67.4% to 76.3% for mRECIST criteria*®!..
Noticeably, the unique prospective study in this field
reported that mRECIST has a low accuracy (56.2%)
1 mo following radioembolization®. The authors
concluded that neither EASL nor mRECIST criteria
correctly predict the pathological necrosis.

Recently, several reports have demonstrated
that increased systemic inflammation is related
to the poor prognosis of various types of cancers,
promoting angiogenesis and tumour invasion
through the upregulation of cytokines*”%, The
prognostic performance of NLR and PLR, two simple
and easily accessible serum parameters of systemic
inflammation, were tested in the clinical scenario of
LT, leading to controversial results®®>'2%37739 An
intention-to-treat study by Lai et a/** demonstrated
that NLR is a good predictor for dropout from the
waiting list, while PLR is a good predictor of post-
LT recurrence. Parisi et a/”” did not confirm these
findings in a study involving 150 patients fulfilling the
MC. To the best of our knowledge, our study is the first
of its kind to look at the combination of inflammatory
markers and the tumour radiological response as
competitive risk factors using multivariate analysis. As
reported by other authors®®”, a high pre-LT PLR value
was an independent risk factor for tumour recurrence
in our cohort.

The definition of a well-established “upper limit”
when considering patients with HCC for a down-
staging protocol remains controversial. Our results
suggest that applying radiological UCSF criteria before
beginning TACE can provide significant prognostic
information; when patients exceed the criteria, the risk
of recurrence is unacceptably high. This was shown
to be independent from the other static and dynamic
variables included in the regression model.

This study has the following limitations: first,
despite the data extraction being prospective, the
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analysis was retrospective. Second, the relatively small
number of patients and events (i.e., recurrences)
may affect the power of the study; in particular, some
relevant preoperative variables (AFP and AFP slope)
failed to reach statistical significance after univariate
analysis. Third, as an intention-to-treat analysis of
the entire WL population was not performed, the
prognostic ability of the radiological and biological
parameters in relation to the risk of drop-out was not
tested.

However, as advised by Lai et a/'*”, we chose to
analyse a homogeneous cohort of patients treated with
only one type of LRT (i.e., TACE) at a single centre to
eliminate bias derived from the different treatments’
efficacy, timing and modality. The radiological response
was assessed rigidly following two enhancing criteria,
namely mRECIST and EASL guidelines, to make the
results reproducible, and an accurate radiological-
pathological analysis of explanted livers was conducted
to explore the reliability of these criteria in predicting
histological necrosis. Our regression analysis of
risk factors for post-LT recurrence was performed
considering radiological (morphological and response
to therapy) and biological variables (AFP, NLR and PLR,
including their slopes) at two well-defined time-points
(before starting TACE therapy and immediately before
LT).

In conclusion, our data suggest that patients who
experience an OR to TACE according to mRECIST
criteria or not exceeding a pre-LT PLR value of 150
can achieve optimal results in terms of tumour-free
survival, independent from their MC status at the initial
evaluation. Further studies involving larger cohorts of
patients are required to validate these new parameters
as selection criteria in TACE-treated candidates for LT.

COMMENTS

Background

Liver transplantation (LT) is the best chance of cure for patients with
hepatocellular carcinoma (HCC). Transarterial chemoembolization (TACE) is
widely used in HCC patients awaiting LT, to prevent tumor progression whilst
on the waiting list or to downstage the tumor within the commonly accepted
Milan or University of San Francisco criteria. Recently, the radiological
response to TACE and others biological markers, as alfa-fetoprotein (AFP) and
inflammatory markers, have been demonstrated to predict the risk of post-LT
tumor recurrence better than morphological criteria; however, the use of these
parameters as selection criteria for LT is still to validate.

Research frontiers

The authors analyzed a single-center homogeneous cohort of 70 patients
treated exclusively by TACE prior to LT, noticeably, 31.4% of them were beyond
Milan criteria at the initial radiological evaluation. Radiological response to
TACE was assessed rigidly following two enhancing criteria, namely modified
Response Evaluation Criteria in Solid Tumors (mRECIST) and the European
Association for the Study of the Liver (EASL) criteria, to make the results
reproducible. An accurate radiological-pathological analysis of explanted livers
was conducted to explore the reliability of these criteria in predicting histological
necrosis. Multivariate analysis of competitive risk factors for post-LT recurrence
was performed taking in account radiological (morphological and response to
therapy) and biological variables at two well-defined time-points (before starting
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TACE therapy and immediately before LT).

Innovations and breakthroughs
In this manuscript, we demonstrated that a lack of response to TACE and a
high platelet-to-lymphocyte ratio before surgery are strongly predictive of tumor
recurrence, independently from the Milan criteria status at referral. The overall
diagnostic accuracy in predicting histological necrosis was 72.9% and 68.6%
for mRECIST and EASL criteria, respectively.

Applications
This study highlights the prognostic role of ‘biological’ and ‘dynamic’ tumor
parameters in HCC recurrence after LT. These preoperative factors should be
integrated in the selection algorithm to increase the number of transplantable
patients and to improve the recurrence-free survival rates in TACE-treated
candidates for LT.

Terminology

TACE is an image-guided, endovascular procedure that is used to treat
malignant lesions in the liver, by injecting selectively small embolic particles
into an artery directly supplying the tumor. These particles both block the
blood supply and induce cytotoxicity by releasing chemotherapeutic drugs.
Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte ratio (PLR)
have been used as markers to evaluate the systemic inflammatory responses;
the theoretical background for their possible predictive value in cancer-
related prognosis lies in the close association of chronic inflammation and
carcinogenesis.

Peer-review

The retrospective study was the first of its kind to look at the combination of
inflammatory markers and tumor radiological response as competitive risk
factors using multivariate analysis. The regression analysis of risk factors for
post-LT recurrence was performed taking in account radiological (morphological
and response to therapy) and biological variables (AFP, NLR and PLR,
including their slopes) at two well-defined time-points (before starting TACE
therapy and immediately before LT). The results are reliable and convincing,
and better reference value to predict the tumor recurrence and allow a proper
selection of TACE-treated candidates for LT.
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