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Abstract
AIM: To define the histopathological features predic-
tive of post-transplant hepatocellular carcinoma (HCC) 
recurrence after transarterial chemoembolization, ap-

plicable for recipient risk stratification.

METHODS: We retrospectively reviewed the speci-
mens of all suspicious nodules (total 275) from 101 
consecutive liver transplant recipients which came to 
our Pathology Unit over a 6-year period. All nodules 
were sampled and analyzed, and follow-up data were 
collected. We finally considered 11 histological vari-
ables for each patient: total number of nodules, num-
ber of viable nodules, size of the major nodule, size 
of the major viable nodule, occurrence of microscopic 
vascular invasion, maximum Edmondson's grade, clear 
cell/sarcomatous changes, and the residual neoplastic 
volume. Survival data were computed by means of 
the Kaplan-Meier procedure and analyzed by means of 
the Cox proportional hazards model. The multivariate 
linear regression and a k-means cluster analysis were 
also used in order to compute the standardized histo-
logical score.

RESULTS: The total number of nodules, the residual 
neoplastic volume (the total volume of all evaluated 
nodules minus the necrotic portion) and the micro-
vascular invasion entered the Cox multivariate hazard 
model with HCC recurrence as dependent variable. The 
histological score was therefore computed and a cluster 
analysis sorted recipients into 3 risk groups, with 3.3%, 
18.5% and 53.8% respectively of tumor recurrence 
rates and 1.6%, 11.1% and 38.5% of tumor-related 
mortality respectively at the end of follow-up.

CONCLUSION: The histological score allows a reliable 
stratification of HCC recurrence risk, especially in those 
recipients found out to be beyond the Milan criteria af-
ter orthotopic liver transplantation (OLT).
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Core tip: Transarterial chemoembolization (TACE) of he-
patocellular carcinoma (HCC) is used for down-staging 
before orthotopic liver transplantation (OLT), and as 
“bridging therapy” to reduce the drop-out rates in the 
waiting list. A discrepancy exists between the pre-
transplant (radiological) and post-transplant (patho-
logical) staging. Few study analyzing the histology of 
TACE-treated HCC exist. Here we analyzed 11 histo-
logical variables in 275 nodules from 101 consecutive 
OLT recipients and we computed a histological score to 
stratify recipients into 3 risk groups, with 3.3%, 18.5% 
and 53.8% respectively of tumor recurrence rates. The 
histological score allows a better stratification of those 
recipients beyond the Milan criteria after OLT.
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common 
primary liver cancer and the third cause of  cancer death 
worldwide[1]. While hepatic resection is the choice for 
single tumors in patients with good liver function, or-
thotopic liver transplantation (OLT) is considered the 
best first-line therapeutic approach for multiple HCCs in 
patients with cirrhosis, not only for the treatment of  the 
neoplastic disease but also for resolving the organ failure. 
According to the most recent guidelines of  the American 
Association for the Study of  Liver Disease, the European 
Association for the Study of  the Liver (EASL) and the 
European Organization for Research and Treatment of  
Cancer (EORTC)[2,3], OLT is recommended for patients 
within the so-called “Milan criteria”[4]. Some studies have 
shown that post-OLT survival of  HCC recipients falling 
into the Milan criteria seems to be comparable to that of  
non-HCC OLT recipients[5], and thus Milan criteria have 
been included both in the Barcelona-Clinic Liver Cancer 
(BCLC) classification and in the U.S. United Network for 
Organ Sharing for organ procurement[6,7], although other 
models have been proposed (and validated), like the “up-
to-seven criteria”[8].

The main limitation for OLT is the shortening of  the 
donor pool, with the consequent need to extend the wait-
ing list time for patients with cancer. Although large case-
control studies - as well as real guidelines for HCC down-
staging prior to OLT - are still lacking in the literature, 

some authors have emphasized the usefulness of  local 
ablation before OLT in recipient survival[9,10], since it is 
likely to influence not only the drop-out rate on the wait-
ing list, but also HCC-free survival, at least in selected 
cases[11-15]. Transarterial chemoembolization (TACE) is 
the most widely used local treatment[16-18], and it is recom-
mended for patients with > 6 mo of  expected time on 
the waiting list and with BCLC stage B[3,11,19]. In our in-
stitution, pre-OLT TACE is used both for down-staging 
in patients beyond the Milan criteria, and to delay tumor 
progression of  patients within the Milan criteria (“bridg-
ing therapy”) in order to grant more time and to reduce 
the drop-out rate in the waiting list.

An important issue is the objective discrepancy exist-
ing between the pre-transplant (radiological) staging and 
the explant staging on the OLT specimen. This discrep-
ancy depends on the sensitivity of  imaging techniques 
that can fail in the recognition of  small-sized atypical/hy-
povascular HCCs[20,21]. According to Mazzaferro et al[8], 
the pre-transplant staging fails to predict the actual num-
ber of  HCC in 25%-35% of  patients.

Several clinical and radiological studies are present in 
the literature, very few analyzing the histological aspect 
of  TACE-treated HCCs and tumor recurrence. More-
over, histological studies assessing the post-TACE tumor 
regression (and its meaning for HCC recurrence) are still 
lacking. The aims of  this study were: (1) to define the his-
topathological features predictive of  HCC recurrence in 
patients treated with TACE before OLT; and (2) to estab-
lish if  these features can be used for defining a histological 
“score” predictive of  HCC recurrence after OLT, that can 
be applied by pathologists for recipient risk stratification.

MATERIALS AND METHODS
Patient selection and clinical data
We retrospectively reviewed the specimens from consec-
utive OLT recipients which came to our Pathology Unit 
over a 6-year period (from January 2005 to December 
2010). Eligibility criteria were the TACE ablation of  at 
least one HCC before OLT and the availability of  ad-
equate follow-up data. All patients were treated according 
to the ethical guidelines of  the 1975 Declaration of  Hel-
sinki (6th revision, 2008); informed consent was obtained 
from each patient at the time of  surgery. Data about 
HCC number and size as seen at computerised tomogra-
phy (CT) and/or magnetic resonance imaging (MRI) and 
US analysis and the number of  locally ablated nodules 
were collected, together with the resulting number of  pa-
tients included in the Milan criteria before TACE.

One-hundred and one patients were finally selected, 85 
(84.2%) males and 16 (15.8%) females, mean age at OLT 
56.61 ± 7.82 years (range 37-68 years). At pre-transplant 
evaluation a mean number of  2.42 ± 1.19 HCC/patient 
was found (range 1-6), with a mean size of  the largest 
nodule of  2.86 ± 0.98 cm (range 1.00-5.00 cm). Forty-
four (43.6%) patients were classified beyond the Milan 
Criteria: the goal of  TACE in these patients was the suc-
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cessful downstaging. Conversely, 57 (56.4%) patients were 
within the Milan criteria, and all their HCCs were treated 
as ‘‘bridging therapy’’, to prevent drop-out from the wait-
ing list. A total of  195 nodules were treated with TACE, 
for a mean of  1.93 ± 1.16 nodules/patient (range 1-6).

Follow-up data included HCC recurrence rates after 
OLT (both graft and systemic localizations) and recipient 
death rates for HCC recurrence and other causes.

Histopathological analysis
At gross examination of  the explanted livers, we per-
formed 1-cm cut sections of  the whole parenchyma, and 
all suspicious nodules, also with a necrotic component, 
were described and totally sampled. After routine pro-
cessing, 3-µm-thick sections were cut from all specimen 
blocks for routine stainings with Hematoxylin-Eosin, Re-
ticulin, Sirius Red, and diastase-periodic acid Schiff.

For each single nodule, the following histopathologi-
cal features were collected: percentage of  necrosis, tumor 
margins (expansive/infiltrative), growth pattern (solid, 
acinar and/or trabecular), tumor grade according to Ed-
mondson, peritumoral microvascular invasion, presence 
of  clear cell or sarcomatoid areas. Nodule size was also 
measured on the histological section and the volume 
was calculated assuming a hypothetical spherical shape, 
with the formula V = 4/3(p r3) (where V is the volume 
expressed in cm3 and r the radius of  the HCC)[22-24]. Fur-
thermore, by subtracting the necrotic percentage from 
the nodule volume, we obtained the viable volume of  
each nodule (expressed in cm3), as previously described[25].

For each patient, the following parameters were evalu-
ated: the total number of  nodules (NNOD, considering 
both the necrotic and the viable nodules), the effective 
number of  viable neoplastic nodules at OLT, the size of  
the major nodule, the size of  the major viable nodule, the 
occurrence of  microscopic vascular invasion (MVI), the 
maximum Edmondson’s grade observed, the occurrence 
of  clear cell/sarcomatous changes. We also calculated 
the Residual Neoplastic Volume (RNV) of  each patient, 
defined as the sum of  all viable volumes of  all nodules (in 
cm3), i.e., the total volume of  all evaluated nodules minus 
the necrotic portion. RNV simply represents the total 
volume of  viable neoplasia that was present in the liver at 
the time of  OLT.

Statistical analysis
Data are reported as means ± SD, medians, ranges and 
frequencies. One-way ANOVA, the Pearson’s correlation, 
the Fisher’s exact and the linear-by-linear association tests 
were applied. Survival data (mean survival times and rates 
together with their standard errors, SE) were computed 
by means of  the Kaplan-Meier procedure and were ana-
lyzed by means of  the Cox proportional hazards model. 
The hazard ratios (HRs) were computed together with 
their 95% confidence intervals (95%CIs). The multivari-
ate linear regression and a k-means cluster analysis were 
also used in order to compute the standardized histologi-
cal score (HS). The SPSS (Version 13.0 for Windows; 

SPSS Inc., Chicago, IL, USA) was used as statistical pack-
age. Two-tailed P values less than 0.05 were considered 
significant.

RESULTS
Histopathological analysis
Two-hundreds and seventy-five neoplastic or necrotic 
nodules were found and sampled at gross examination in 
the 101 patients. At histopathological analysis, 32 (31.7%) 
patients with 1 nodule, 27 (26.7%) with 2, 15 (14.9%) 
with 3, and 27 (26.7%) patients with 4 or more nodules 
were found (mean 2.72 ± 1.90 nodules/patient, range 
1-8). The histological characteristics of  the nodules ex-
amined are illustrated in Figure 1 and summarized in Ta-
ble 1. Considering only the nodules with any amount of  
viable HCC, 33 (32.7%) patients showed 1 viable nodule, 
19 (18.8%) showed 2, 8 (7.9%) showed 3, and 17 (16.8%) 
showed 4 or more, for a total of  190 viable nodules (mean 
1.88 ± 2.00 nodules/patient, range 0-8). Most important, 
no viable nodules were found in 24 (23.8%) patients, 
among which one had MVI near necrotic nodules: thus 
23 patients were completely free from cancer at the time 
of  OLT, and none of  them experienced HCC recurrence 
in the follow-up.

The finding of  de novo neoplastic nodules at OLT 
analysis put 34 (33.7%) patients beyond the Milan criteria 
after TACE, probably due to the small hypovascular nod-
ules currently undetected by dynamic MRI/CT imaging 
techniques[20,21], and therefore untreatable with TACE.

At histology, the mean size of  the major nodule for 
each patient was 2.72 ± 1.29 cm (range 0.6-6.0 cm), the 
mean size of  the major viable nodule was 2.57 ± 1.30 
cm (range 0.4-5.5 cm), MVI was observed in 38 (37.6%) 
patients, clear cell component was present in 11 (10.9%) 
cases, the maximum Edmondson’s grade was 1 in one 
case (1.0%), 2 in 26 (25.7%), 3 in 49 (48.5%) and 4 in one 
(1.0%) case. The mean RNV was 9.44 ± 19.14 cm3 (range 
0-106.35 cm3).

Correlations among nodule characteristics
The histological features of  the 275 nodules were cor-
related with each other: the presence of  MVI adjacent to 
a nodule was significantly related to a high Edmondson’
s grade (76 nodules showed MVI, among which 50 had 
Edmondson’s grade 3 or 4, P = 0.001, linear-by-linear 
association) and to infiltrative margins (in 50 nodules, P 
< 0.001, Fisher’s exact test); Edmondson’s grade and tu-
mor infiltrative margins were correlated too (of  84 HCC 
with infiltrative margins 56, 66.7%, were grade 3 or 4, of  
105 HCC with expansive margins 45, 42.8%, were grade 
3 and none of  grade 4, P < 0.001, linear-by-linear asso-
ciation). These findings should not be surprising, since 
all these features are typical of  more aggressive HCCs. 
Nodule necrosis was directly correlated with tumor size 
(P = 0.001, Pearson’s R), in line with what was previ-
ously reported in our Institution[12], and inversely related 
to the perinodular MVI (mean necrosis 32.8% ± 37.4% 

13540 October 7, 2014|Volume 20|Issue 37|WJG|www.wjgnet.com

Vasuri F et al . Pathological analysis of HCC after TACE



Examined nodules (n = 275)
   Mean diameter (cm) 1.89 ± 1.18 (range 0.30-6.00)
   Mean volume (cm3) 8.59 ± 16.93 (range 0.01-113.04)
   Mean viable volume (cm3) 3.47 ± 9.56 (range 0-78.36)
   Complete coagulative necrosis 85 (30.9)
   Mean necrosis percentage 48.54% ± 45.58%
   Microvascular invasion   81 (29.5)
   Infiltrative margins   84 (30.9)
Viable nodules (n = 190)
   Trabecular/trabeculo-acinar pattern 129 (67.9)
   Edmondson’s grade:
      1 10 (5.3)
      2   78 (41.1)
      3 100 (52.6)
      4   2 (1.1)
   Clear cell changes 14 (7.4)
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rence either in the graft or extrahepatic localizations, after 
a mean of  1.12 ± 0.89 years (range 69 d to 3.01 years, 
median 1.00). Twelve of  these 14 (85.7%) recurrences oc-
curred in patients discovered beyond the Milan criteria at 
histology. Conversely, 65 (74.7%) out of  87 not-recurrent 
cases occurred in patients within the Milan criteria after 
the histological examination.

Eighteen (17.8%) recipients died, 9 for HCC recur-
rence, i.e., the 64.3% of  the 14 recipients with HCC 
recurrence. The other causes of  death included HCV 
recurrence (4 cases), sepsis/infection (3 cases), and cere-
brovascular events (2 cases).

Calculation of a Histological Score (HS) predictive of 
HCC recurrence
At univariate Cox analysis, the only donor variables signif-
icantly related to post-OLT recurrence were: the MVI (P 
= 0.002, HR = 7.23, 95%CI: 2.01-25.94), the total num-
ber of  nodules (P < 0.001, HR = 1.54, 95%CI: 1.25-1.89), 
the number of  viable nodules (P < 0.001, HR = 1.47, 
95%CI: 1.22-1.77), and the RNV (P = 0.002, HR = 1.03, 
95%CI: 1.01-1.04). In particular, 11 out of  14 HCC re-
currence cases had MVI (i.e., MVI had a 78.6% sensitiv-
ity), while 60 of  the 87 patients without recurrence did 
not show histological MVI (i.e., specificity of  the 69.0%). 
Furthermore, these variables were also confirmed as the 
only ones significantly predictive of  HCC-related deaths 
after recurrence in the subset of  patients who had had 
recurrence (data not shown). Age (P = 0.872), sex (P = 

in the 81 nodules with thrombosis vs 55.1% ± 47.1% in 
the 194 nodules without thrombosis, P < 0.001, one-way 
ANOVA). Solid architecture was correlated with a clear 
cell morphology [10 of  52 (19.2%) clear-cell HCC vs 4 of  
136 (2.9%), P = 0.001, Fisher’s exact test].

Follow-up
Mean follow-up from OLT was 3.55 ± 1.73 years (range 
from 14 d to 6.81 years, median 3.37). At the end of  
follow-up, 14 (13.9%) recipients experienced HCC recur-

Figure 1  Different histological pictures after transarterial chemoembolization. A: A case of totally necrotic nodule (asterisk), with a well-visible fibrotic capsule 
(white arrow); B: A case of clear cell (CC) hepatocellular carcinoma with only partial necrosis (asterisk); C: Amicrovascular invasion. Haematoxylin-Eosin stain; Magni-
fication × 2 (A) and × 10 (B, C).

Table 1  Histological characteristics of all examined nodules 
(above) and of all viable nodules (any amount of residual 
tumor, below)  n  (%)

cc*

*

A B

C
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0.373), inclusion in Milan criteria prior to TACE (P = 
0.639) and dimension of  the major nodule (P = 0.080) 
were not significantly related to post-OLT recurrence.

The histological cancer variables (Edmondson’s grade, 
clear cell component, dimension of  the major viable nod-
ule) were available only in the 77 patients with residual 
HCC and resulted not significantly related to post-OLT 
HCC recurrence (P = 0.336, P = 0.193, and P = 0.229, 
respectively); therefore, they have been excluded from 
the multivariate model. The model finally considered 101 
cases and 8 variables: recipient age and sex, inclusion in 
Milan criteria prior to TACE, RNV, number of  total nod-
ules, number of  viable nodules, MVI, dimension of  the 
major nodule.

The number of  total nodules (P = 0.073), the residual 
neoplastic volume (RNV, P = 0.035) and the neoplastic 
microvascular invasion (MVI, P = 0.062) entered the Cox 
multivariate hazard model with HCC recurrence as de-
pendent variable.

For the purposes of  our study, we computed a score 
based on predictive variables only and unrelated to time-
dependent components, the histological score (HS) was 
computed by means of  a multivariate linear regression 
having the rescaled hazard level evaluated by the Cox 
analysis in each patient as dependent variable and these 
three parameters as the independent ones. In order to 

find a solid classification of  the patients into 3 groups at 
different risk levels, a cluster analysis was made. Finally, 
the coefficients of  the model were standardized in order 
to obtain the values of  1 and 2 as cut-off  separating the 3 
groups at different risk levels (i.e., low risk class: HS rang-
ing from 0 to 0.99; moderate risk class: HS ranging from 
1 to 1.99; high risk class: HS equal to, or greater than, 2).

The final score resulted:
HS = (0.164 × NNOD) + (0.012 × RNV) + (1.015 

× MVI) 

where NNOD is the total number of  total nodules, 
RNV is the residual neoplastic volume and the notation 
“1.015 × MVI” means that the 1.015 value should be 
added to the sum of  the previous two terms in patients 
with presence of  microvascular invasion only.

In our population of  101 patients the HS ranged be-
tween 0.164 and 3.393 (mean 0.942 ± 0.816) showing an 
accuracy of  84.2% in discriminating between HCC recur-
rent and non-recurrent cases (AUC ± SE: 0.842 ± 0.047). 
By using the best cut-off  (HS ranging between 0.664 
and 0.667) a sensitivity of  100% (14/14) and a specific-
ity of  60.9% (53/87) were reached. The cluster analysis 
sorted the population into the following three classes: 61 
patients (60.4%) with low risk; 27 patients (26.7%) with 
moderate risk; and 13 patients (12.9%) with high risk.

The cumulative recurrence-free survival of  the three 
classes is shown in Figure 2, while survival data, together 
with the hazard ratios vs the low risk class, are shown in 
Table 2. Of  note, the 5-year recurrence-free survival rate 
decreases from the 96.7% of  the low-risk group to the 
77.9% of  moderate-risk group and the 40.0% of  high-
risk group, and the HR for the moderate- and high-risk 
groups were 6.37 and 23.18 respectively when compared 
to the low-risk group.

DISCUSSION
The application of  TACE in the pre-transplant setting is 
still controversial[25,26]. In our setting, TACE is performed 
according to the most recent guidelines for downstag-
ing in patients beyond the Milan criteria, or for patients 
within the Milan criteria but with > 6 mo of  expected 
time on the waiting list (“bridging therapy”)[19,27]. Despite 
the abundance of  clinical and radiological studies on the 
pre-transplant staging of  HCC patients, studies analyzing 
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Figure 2  Recurrence-free survival according to the three histological 
score classes. The actuarial recurrence-free survival rate is 96.7% in the low-
risk group, 77.9% in the moderate-risk group and 40.0% in group the high-risk 
group. 

 
Table 2  Recurrence-free survival data and hazard ratios of hepatocellular carcinoma  recurrence according to the histological score 
classes  n  (%)

HS risk classes Mean recurrence-free survival 
time (± SE; years)

5-yr recurrence-free survival 
rate (± SE)

Hazard ratio
(95%CI)1

HCC recurrence 
cases

HCC-related 
deaths

Low 6.60 ± 0.15 96.7% ± 2.3% 1.00 2 (3.3) 1 (1.6)
(HS: 0-1; n = 61)
Moderate 5.43 ± 0.45 77.9% ± 8.9% 6.37   5 (18.5)   3 (11.1)
(HS: 1-2; n = 27) (1.23-32.86)
High 2.92 ± 0.21   40.0% ± 14.6% 23.18   7 (53.8)   5 (38.5)
(HS: >2; n = 13) (4.80-111.96)

1Univariate Cox proportional hazards model. SE: Standard error; CI: Confidence interval; HCC: Hepatocellular carcinoma; HS: Histological score.

Vasuri F et al . Pathological analysis of HCC after TACE



13543 October 7, 2014|Volume 20|Issue 37|WJG|www.wjgnet.com

the histological aspect of  tumor regression after TACE 
and its impact on HCC recurrence are still rare in the lit-
erature, since in the past few years only the percentage of  
TACE-induced necrosis has been histologically studied, 
mainly in comparison with MRI[12,28]. The principal aims 
of  our study were to define the histopathological features 
predictive of  HCC recurrence in patients treated with 
TACE, and to combine them into a histological “score” 
predictive of  HCC recurrence after OLT.

The histological examination of  the single nodules 
(grade, architecture, growth, etc.) did not provide contri-
butions about prognosis, while the multivariate analysis 
of  recipient variables allowed us to identify three histo-
logical parameters predictive both of  HCC recurrence 
and HCC-related mortality: MVI, the number of  nodules, 
and RNV. The Histological Score (HS) could be consid-
ered a variation of  the well-established Milan criteria: in 
fact, it includes the number of  nodules and the tumor 
volume (instead of  dimensions)[2,4,6]. At any rate, the avail-
ability of  the whole liver specimens allows the patholo-
gist to sample and characterize all the suspicious nodules 
in each case, as well as to assess the real amount of  viable 
HCC in each nodule, and MVI too. The first result of  
this approach was that the number of  nodules proved to 
be predictive independently on their being viable or ne-
crotic. A possible explanation is that a higher number of  
HCC nodules implies a higher risk of  vascular or intrahe-
patic dissemination that can manifest itself  also after the 
necrosis of  the main nodules (and after OLT). This does 
not contradict what previously reported by our group, i.e. 
that partial tumor necrosis has a higher risk for HCC re-
currence[29]: indeed, since the Residual Neoplastic Volume 
(RNV) is part of  the HS too, it is evident that incomplete 
necrosis has a worse impact on disease-free survival than 
complete necrosis. At any chance, no patients with com-
plete tumor necrosis (absence of  viable tumor) experi-
enced HCC recurrence in our series.

RNV was calculated assuming a hypothetical spherical 
shape of  the HCCs[22-24] minus the amount of  necrosis, 
and it is likely to be a fairly realistic model for tumor 
quantification. At a glance, the calculation of  RNV might 
seem complicated, but only the nodule diameter and the 
percentage of  necrosis, which are commonly included in 
every histopathological report, are needed. The presence 
of  MVI in the HS is not surprising, since MVI is a well-
known prognostic parameter of  HCC recurrence both 
in non-transplanted patients and in OLT recipients with 
or without local therapy[2]. At any chance, since MVI 
resulted as a part of  the HS, the diagnostic performance 
(computed as the balance between sensitivity and speci-
ficity) of  MVI alone was obviously lower than HS diag-
nostic performance (73.8% vs 80.5%). In particular, the 
finding that no patients in the low risk HS class had MVI, 
suggests that the absence of  MVI well predicts low risk 
of  recurrence. Conversely, since MVI occurred similarly 
in the moderate risk (25/27, 92.6%) and high risk (13/13, 
100%) recipients, the other two histological features (the 
number of  nodules and the RNV) are likely to be needed 

to discriminate between moderate risk and high risk of  
HCC recurrence.

It is noteworthy that in our proposed model the in-
clusion in the Milan criteria prior to TACE had not an 
independent role in HCC recurrence prediction both at 
univariate and multivariate analyses: it seems that the indi-
cation to TACE (i.e., down-staging vs “bridging therapy”) 
did not influence tumor recurrence. This confirms previ-
ous findings from our group that the recurrence rate after 
downstaging to Milan criteria is similar to the recurrence 
rate of  patients within Milan criteria[10].

The application of  the Milan criteria on OLT speci-
mens showed a diagnostic performance comparable to 
the HS (80.2% and 80.5%, respectively), but it should 
be pointed out that these values were determined by 
two measures of  discrimination quite different between 
the two binary classification rules: i.e., HS had higher 
sensitivity (100% vs 85.7%) while the Milan criteria had 
higher specificity (74.7% vs 60.9%). Finally, among the 34 
patients who were beyond the Milan criteria, 9 (26.5%) 
were assigned to the low risk class (with only 1 case of  
HCC recurrence), 13 (38.2%) to the moderate risk class 
(with 4 cases of  recurrence), and 12 (35.3%) to the high 
risk class (with 7 cases of  recurrence). The recipients in 
our HS low risk class actually showed a low frequency 
of  HCC recurrence comparable to the recipients within 
the Milan criteria (3.3% and 3.0%, respectively), while 
the histopathological analysis and the HS allowed once 
more a better stratification of  the recipients with a higher 
risk: in fact the moderate-risk class reached a recurrence 
frequency assessment of  18.5% (5/27), and the high-
risk class reached a recurrence frequency assessment of  
53.8% (7/13), vs 35.3% of  the Milan criteria alone. Brief-
ly, our HS better stratifies the “moderate risk” from the 
“high risk” in those recipients that turn out to be beyond 
the Milan criteria after OLT, as for 33.7% of  patients in 
our series. It is true that this percentage of  patients with 
de novo nodules is likely to decrease in the future, with a 
more widespread use of  hepatospecific contrast media 
on MRI, which have demonstrated an increased sensitiv-
ity for the detection of  early atypical HCC, although we 
surmise that the histopathological analysis will be neces-
sary also in the future.

In conclusion, our results strengthen the role of  
the pathologist in the management of  HCC recipients 
after OLT. Despite the improvement of  imaging tech-
niques[21,25], only a thorough gross examination and histo-
logical analysis of  all suspicious liver nodules can provide 
data about MVI and the finding of  de novo early HCCs, 
which can put the patients beyond the Milan criteria. In 
these cases HS might prove to be useful in order to iden-
tify those patients with a higher risk of  HCC recurrence. 
Our “score” is not meant to be a universal score, appli-
cable to all HCC patients, but it might be useful for the 
pathologists in a liver transplantation setting to predict 
the recipient’s real risk of  HCC recurrence after TACE 
and after OLT, and to help the transplant surgeon in the 
post-transplant management of  this group of  patients.
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Background
Transarterial chemoembolization (TACE) of hepatocellular carcinoma (HCC) is 
used for down-staging before orthotopic liver transplantation (OLT) in patients 
beyond the Milan criteria, and to delay tumor progression in patients within the 
Milan criteria (“bridging therapy”) in order to grant more time and to reduce the 
drop-out rate in the waiting list.
Research frontiers
Imaging techniques can fail in the recognition of small-sized atypical and/or hy-
povascular HCCs, so that a discrepancy between the radiological pre-transplant 
staging and the pathological post-transplant staging exists. According to the 
literature, the pre-transplant staging fails to predict the actual number of HCC 
in 25%-35% of patients. Apart from the number of neoplastic nodules, single 
pathological features such as microvascular invasion, tumor grade, etc. have 
already been described as important in the post-transplant HCC recurrence, 
but comprehensive histopathological studies analyzing their global prognostic 
impact have not been performed yet.
Innovations and breakthroughs
We retrospectively reviewed 275 suspicious nodules from 101 consecutive OLT 
recipients, collecting 11 histological variables. Survival data were analyzed: the 
total number of nodules, the residual neoplastic volume and the microvascular 
invasion entered the Cox proportional hazards model, with HCC recurrence as 
dependent variable. A standardized Histological Score (HS) was therefore com-
puted, and a cluster analysis sorted the recipients into 3 risk groups according 
to the HS, with 3.3%, 18.5% and 53.8% respectively of tumor recurrence rates 
and 1.6%, 11.1% and 38.5% of tumor-related mortality respectively. This is the 
first time that histological tumor features are quantified and applied in a post-
treatment HCC tumoral regression score, as it is already done in other tumors 
(e.g., breast, colon-rectum).
Applications
A thorough gross examination and histological analysis of all suspicious liver 
nodules is mandatory to obtain reliable data about the real amount of tumor 
necrosis after TACE, the microvascular invasion, as well as to find de novo 
early HCCs. The HS might prove to be useful in order to identify those patients 
with a higher risk of HCC recurrence after OLT. In a liver transplantation setting, 
the application of a standardized tumoral regression score after TACE and after 
OLT, can help the transplant surgeon in the recipients management.
Peer review
In this paper the authors evaluate the prognostic impact of histopathology in 
post-transplant HCC recurrence after TACE treatment. The authors used ap-
propriate methods of analysis and results are of interest.
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