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Abstract

Background Microinvasion (MI), defined as infiltration of the portal or hepatic vein or bile duct and intrahepatic metas-
tasis are accurate indicators of a poor prognosis for mall hepatocellular carcinomas (HCC). A previous study showed that
intraoperative ultrasound (IOUS) definition of MI-HCC had a high concordance with histological findings. Aim of this
study is to evaluate overall survival and recurrence patterns of patients with MI-HCC submitted to hepatic resection (HR)
or laparoscopic ablation therapies (LAT).

Methods A total of 171 consecutive patients (78 h; 93 LAT) with single, small HCC (< 3 cm) with a MI pattern at IOUS
examination were compared analyzing overall survival and recurrence patterns using univariate and multivariate analysis
and weighting by propensity score.

Results Overall recurrences were similar in the 2 groups (HR: 51 patients (65%); LAT: 66 patients (71%)). The rate of local
tumor progression in the HR group was very low (5 pts; 6%) in comparison to LAT group (22 pts; 24%; p=0.002). The
overall survival curves of HR are significantly better than that of the LAT group (» =0.0039). On the propensity score Cox
model, overall mortality was predicted by the surgical treatment with a Hazard ratio 1.68 (1.08-2.623) (p =0.022).
Conclusions If technically feasible and in patients fit for surgery, HR with an adequate tumor margin should be preferred
to LAT in patients with MI-HCC at IOUS evaluation, to eradicate MI features near the main nodule, which are relatively
frequent even in small HCC (<3 cm).

Keywords Liver cirrhosis - Hepatic resection - Liver transplantation - Radiofrequency ablation - Vascular microinfiltration -
Hepatocellular carcinoma

Introduction

Several studies showed that some pathological features,
such as differentiation grade, presence of vascular micro-
infiltration and satellites, are critical determinants of early
recurrence and survival after successful hepatic resections
This paper has been accepted by the EAES Congress 2020 and it is (HR) for hepatocellular carcinoma (HCC) [1, 2] and these
eligible to be fast-tracked. features could be useful to a rapid allocation in the waiting
list for transplantation [3, 4]. A previous study by Yamashita
et al. [5] showed that the presence of microinvasion (MI),
represented by infiltration of the portal or hepatic veins, of
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after surgery and high-grade HCC was a prognostic factor
of vascular micro-infiltration [5-9].

Therefore, the capacity to detect both microinvasive hepa-
tocellular carcinoma (MI-HCC) and histological grade of
HCC could be important features for a treatment strategy
[10, 11]. However, the histological grade of HCC and MI
patterns can only be determined based on surgical speci-
mens, limiting their clinical applicability: in fact, they are
difficult to detect preoperatively with the current advanced
imaging modality. Recent studies have shown that contrast-
enhanced CT [12], diffusion-weighted magnetic resonance
imaging (MRI) [13] and contrast-enhanced ultrasound [14]
could be useful to predict the histological grade and/or the
presence of MI, but these techniques using radiomics score
are difficult to apply in the clinical practice. On the other
hand, our recent study [15] suggested that patterns of aggres-
sive behavior (MI-HCC) could be identified by the intraop-
erative ultrasound (IOUS) evaluation influencing the intra-
operative treatment plan with respect to laparoscopic and
open surgical intervention. In this prospective double-blind
study, we showed that IOUS patterns of aggressive behavior
correlate with both the presence of the same histological
patterns and differentiation grade of HCC on the histologic
specimen of the primary resected tumor.

Aim of this study is to evaluate if the selected treatment
according to the actual guidelines, HR or laparoscopic abla-
tion therapies (LAT), has a different prognostic outcome
(in terms of HCC recurrences and survival) in a group of
patients with a HCC tumor with an aggressive behavior (MI-
HCC) defined by the IOUS evaluation.

Methods

Until 2000, a disease staging with a pre-established protocol
was accomplished in all patients [16]; assessment of Bar-
celona Clinic Liver Cancer (BCLC) staging was retrospec-
tively applied in all patients treated before its accessibility
[17].

The recommended treatment was given by a multidiscipli-
nary team, which includes surgeons, radiologists, and hepa-
tologists. Particularly, LAT has been proposed according to
specific indications already described [16]. Non-invasive
imaging diagnosis of HCC including triple-phase computed
tomography (CT) and/or MRI was accepted according to the
Barcelona-2000 European Association for the Study of the
Liver (EASL) Conference, while biopsy for a histological
assessment should be performed when the imaging-based
diagnosis remains inconclusive [17]. In all patients, Ct or
MRI scan have been performed for the diagnosis of HCC: in
the LAT group only 8 patients were submitted to histological
confirmation (5 grade I and 3 grade II according to Edmond-
son classification), while in HR group only 5 patients (1
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grade I, 3 grade II and 1 grade III according to Edmondson
classification). Eligibility for liver transplantation (accord-
ing to age, etiology, Child—Pugh and MELD score (Model
for end-stage liver disease)) or HR was evaluated. HR was
proposed for patients who had a single lesion if they had
cirrhosis with preserved liver function: we did not consider
nodule number and size as absolute exclusion criteria from
surgical treatment. The presence of portal hypertension was
not considered a contraindication for HR [18].

In this series, the function hepatic reserve was evaluated
using the Child-Pugh classification [19] and MELD (model
for end-stage liver disease) score [20]. Before surgery, all
patients were submitted to serum laboratory tests, routine
physical examination and radiographic studies.

This study was approved by Institutional Review Board
at Milan University. The patient records were anonymized
and de-identified prior to analysis, and informed consent to
storage the clinical data of patients with HCC was obtained
from each participant.

I0US evaluation

All patients underwent IOUS evaluation (Aloka Alfa 10;
Aloka Co, Tokyo and from 2018 Arietta V70; Hitachi
Europe S.r.l. Italy) during the surgery. For laparotomic
IOUS, T-shaped linear-type US probe was used at frequen-
cies of both 5 MHz and 7.5 MHz, while for laparoscopic
IOUS we used a laparoscopic ultrasound probe with a
flexible tip, 10 mm in diameter and 50 cm in length and
a 5-7.5 MHz linear-array transducer side-mounted near
the tip of the shaft. Two surgeons (R.S., M.B.) with more
than 10 years of experience in ultrasonography performed
the IOUS exploration in all patients, reviewing (if it is
necessary) the sonographic images recorded on videotape
and magneto-optical disks. From the IOUS features of
the primary HCC nodule [21], the surgeons classified the
IOUS patterns according to diameter (registering also cut-
off <20 mm), presence of satellites (identification of small
nodules within 2 cm away from HCC lesion) and vascular/
biliary micro-infiltration (either presence of vascular/biliary
encasement or strict contact between vascular/biliary wall
and nodule margins). Number of HCC nodules was also
registered: in this case, IOUS pattern has been determined
for the largest nodule. As described in our previous article
[15], MI-HCC was defined as a tumor with vascular/biliary
infiltration and/or the presence of satellites (Fig. 1).

Surgical procedures

Laparotomy for HR was carried out following a standard-
ized technique while the technique of laparoscopic HR has
been described elsewhere [22]. The indications for the HR
and the type of operation were usually based on the HCC
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Fig. 1 Intraoperative ultrasound
images of hepatocellular carci-
noma (HCC) lesions with satel-
lites (a: white arrows), strict
contact between vascular wall
and nodule margin (b: white
arrow) and biliary microinfil-
tration (with dilated bile duct:
DBD) (C: white arrows)

location, remnant liver volume and the hepatic functional
reserve. Anatomical resection (AHR) was defined as any
type of complete excision of at least one segment, included
segmentectomy, subsegmentectomy, sectoriectomy and
hemihepatectomy. Subsegmentectomy was defined as the
complete removal of territories of the third-order portal vein
branch smaller than one segment. US-guided atypical resec-
tion (UGAR) was defined as local resection or enucleation
without regard to the segmental structure.

For the radiofrequency ablation procedure, a 200-W,
480 kHz monopolar radiofrequency generator (AMICA-
GEN, HS Hospital Service SpA, Aprilia, Italy (®)) was
used. Usually, the used delivered power was 150-170 W on
average, for a total period of 10-12 min. Since February
2009, for the microwave ablation procedure, a 2.45 MHz
microwave generator (AMICA-GEN, HS Hospital Service
SpA, Aprilia, Italy (®)) providing energy through a 14- or
16-gauge internally cooled coaxial antenna and since April
2017, a 2.45 MHz microwave generator (EMPRINT Micro-
wave Generator, Medtronic (®)) providing energy through a
14 internally cooled coaxial antenna was also used. Accord-
ing to the tumor size, a single microwave energy application
is delivered to the patient, ranging from 70 to 100 W net
power at the applicator end, for a total period of 3—10 min.
The laparoscopic procedure was performed as described
elsewhere [16, 22]. Absolute (99%) ethanol was injected at
a dose of 5-10 ml for new small lesions (satellites <1 cm)
detected by IOUS.

Postoperative complications

Severity of postoperative morbidity was defined according
to the Dindo-Clavien classification of surgical complica-
tions [23]: considering the impact of major complications

on postoperative outcome in patients with HCC in high-risk
locations, only complications of Grade III or higher were
described.

Post-treatment imaging evaluation

Ultrasound and CT scan (or MRI) were repeated within one
month and 3 months after the procedure. Experienced radi-
ologists reviewed all CT/MRI exams.

As described elsewhere [22, 24], local tumor progression
(LTP) was defined as the reappearance of enhancing tissue
within and around the ablation zone, the latter case second-
ary to the presence of residual unablated tumor in a patient
previously considered as completely treated. Intrasegmental
recurrence (ISR) (including local tumor progression) was
defined as the occurrence of HCC nodule in the same seg-
ment submitted to the surgical treatment, while intrahepatic
recurrence (IHR) was defined as the recognition of new
HCC tumors in other liver segments. HCC recurrence was
also classified as early or late, using a cutoff of 12-months.

Statistical analysis

Initial evaluation and subsequent follow-up data were col-
lected in a dedicated database (FileMaker Pro, FileMaker
Inc., Santa Clara, California, USA) for personal computer
input (Apple Computer Inc., Cupertino, California, USA).
This retrospective study protocol was approved by our
Institutional Review Board and waived the requirement for
informed consent.

Statistical analysis was performed with R version 4.0.0
(2020-04-24) — "Arbor Day" Copyright (C) 2020 The R
Foundation for Statistical Computing Platform: x86_64-
w64-mingw32/x 64 (64-bit)—Vienna, Austria. URL https://
www.R-project.org/.
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Categorical variables are reported as number (percent-
age) and compared with the Pearson’s Chi-squared test
with Yates’ continuity correction. Continuous variables are
reported as mean (SD) or [median (IQR)] if not normally
distributed and compared with the Wilcoxon rank Sum test.

Two Survival Analysis models (overall mortality and
HCC recurrence) were built. Follow-up was calculated from
the day of surgery. Censoring was applied to the last day of
follow-up for patients not known to be dead or, respectively,
to have had HCC recurrence.

Univariate analysis was performed on the Kaplan—Meier
curves with the log-rank test for dichotomous variables
and with a Cox proportional hazard model for continuous
variables. Prognostic factors with p values < (.2 on univari-
ate analysis were subject to multivariate analysis using a
Cox proportional-hazards regression model. The following
dichotomous variables were studied in variable selection:
gender, age, cirrhosis etiology, BCLC score, Child—Pugh’s
score, MELD score, Charlson’s index, previous HCC, dia-
betes, esophageal varices, HCC maximum diameter, platelet
count, prothrombin time, alfa-fetoprotein, new HCC nodule
at IOUS, type of treatment.

A p<0.05 was considered statistically significant in the
final model. Proportionality of hazards was verified for each
variable by visual inspection of log—log plots and with the
proportional-hazards assumption test based on Schoenfeld
residuals. Plotting the Martingale residuals against continu-
ous covariates was used to verify their linearity. Interac-
tions between significant variables in the final model were
searched. Influential observations were checked by “dfbeta”
values.

A sensitivity analysis was performed for the two survival
models with Cox Proportional Hazard models weighted
by propensity score with the inverse probability of treat-
ment weighting (IPTW). Propensity scores were estimated
using a simple logistic regression. Variance estimation takes
into account the propensity score estimation step with the
method proposed by Hajage et al. [25]. Average treatment
effect on the treated (ATT) population is estimated. Ties are
handled through the Breslow approximation. The following
confounders are accounted for in the propensity model: age,
Child, BCLC, and Meld scores, presence of diabetes mel-
litus, platelet and bilirubin levels.

Results
Subjects
Data included in this study came from patients who were
treated with either HR or LAT starting in 1998 to April

2020. Table 1 shows the preoperative characteristics of
the patients. They were divided into 2 groups: 78 patients
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submitted to HR and 93 to LAT. Differences in the surgi-
cal indications reflected some differences in the 2 groups:
LAT group shows higher rates of signs of liver dysfunc-
tion (MELD >9, BCLC stage > 1, esophageal varices, lower
platelet count and higher INR values) and lower HCC maxi-
mum diameter.

Surgical procedures and findings

AHR was performed in 54 cases (69%), while UGAR was
chosen in 24 cases (31%). A laparoscopic approach was cho-
sen in 23 (29%) patients. The Pringle maneuver was used in
41 patients (53%) (total duration with interval maneuver:
35420 min). In the LAT group, a single electrode technique
(radiofrequency ablation: RFA) was used in 61 patients
(66%) and a cluster-electrode system in 1 case (exposed tip
2.5 cm), while a microwave antenna was used in 31 patients
(33%): in 36 patients (39%) a single needle insertion was
sufficient while in 43 patients (46%) two-needle insertions
and in 14 (15%) patients three or more needle insertions
were necessary to obtain adequate tissue coagulation. Mean
procedure time for the RFA portion of LAT treatments was
17.24£5.6 min (median: 16; IR: 12-22) and for MWA was
9.7+4.3 min (median: 9; IR: 7-12), while the procedure
duration was significantly longer for HR (205 + 57 min;
median: 206; IR: 160-245) compared to LAT (81 +30 min,
median: 74; IR: 60-90) (p <0.0001).

During IOUS evaluation, 16/78 (20.5%) patients who
underwent HR were found to have additional lesions (10
in a different segment, 6 within 1 cm of the primary HCC
location); of these, six were submitted to enlarged resection,
5 to thermoablation and 5 to ethanol injection. In the LAT
group, IOUS identified 37/93 (40%) cases (p=0.007) with
previously undetected lesions (25 in a different segment, 12
within 1 cm of the primary HCC); of these, 32 cases were
treated with additional thermoablation and 5 with ethanol
injection.

Postoperative results

Table 2 illustrates the postoperative outcomes at both short-
and long-term following LHR and LAT. As expected, HR
was characterized by a significantly longer postoperative
hospital stay and higher complication rates compared to
LAT in the short term (but the 2 groups had similar rates for
severe complications), while morbidity rates became similar
during the follow-up period. There were 1 post-operative
death in the HR group at 30 days due to sepsis while other
four patients died within 90 days: 1 patient for liver failure,
1 for liver failure with diffuse HCC, 1 for hepatic abscess (in
the LAT group) and the other for cerebro-vascular accident.

The margins of resection specimens in HR group were
negative in all patients with a distance between lesion and
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Tab]e 1 Chargcteristics of . HR (78 pts) LAT (93 pts) »
patients submitted to hepatic
resec.tion (HR).or laparoscopic Male sex 54 (69%) 69 (74%) 0.472
ablative therapies (LAT) Age (years) (median; IR) 71 (63.1-76.1) 71.4 (64.5-76.4) 0.4432
Cirrhosis etiology 0.148
HCV 58 (74%) 56 (60%)
HBV 8 (10%) 15 (16%)
Other 12 (16%) 23 (24%)
Child-Pugh Class A5 59 (76%) 61 (66%) 0.153
Class A6 19 (24%) 33 (34%)
MELD score >9 12 (15%) 35 (38%) 0.001
BCLC 0.002
Al 60 (77%) 48 (52%)
A2 13 (17%) 25 (27%)
A3 5 (6%) 20 (21%)
Esophageal varices 16 21%) 35 (38%) 0.015
Diabetes 16 21%) 27 (29%) 0.201
Previous HCC (already treated) 13 (17%) 37 (43%) 0.0001
Charlson index >3 18 (23%) 27 (29%) 0.378
HCC lesion diameter (mm) (Median, IR) 23.5 (20-28) 20 (16-25) 0.0004
Platelet count (X 100/mm3) (Median, IR) 129 (99-172) 102 (71-144) 0.0027
Total bilirubin (mg/dl) (Median, IR) 0.84 (0.6-1,11) 1.03 (0.8-1.35) 0.0838
Serum albumin (g/l) (Median, IR) 4.05 (3.6-4.26) 39(3.54.3) 0.4357
Prothrombin time (INR) (Median, IR) 1.09 (1.03-1.15) 1.12 (1.06-1.21) 0.0111
ALT (U/L) (Median, IR) 57 (29-85) 48 (29-76) 0.5127
Alpha-fetoprotein (ng/ml) (Median, IR) 10.05 (4.4-48) 6.94 (3.45-37.8) 0.5666

Type of procedure

anat-R: 54 (69%)
noanat-R: 24 (31%)

RFA: 62 (67%)
MWA: 31 (33%)

HCC hepatocellular carcinoma

margin of 7.1 +7.4 mm (median 5; IR: 3-9). In LAT group,
a complete necrosis was obtained at 1 month in 88 patients
(95%) patients: these patients required an additional trans-
arterial chemoembolization in 3 cases and another ther-
moablation session in the other 2 to achieve complete HCC
necrosis.

During the follow-up period (47.2 + 37 months; median
40; IR 18-68.5), 53 (68%) patients in the HR group and
65 (70%) of the LAT group died (Table 2). Overall recur-
rences were similar in the 2 groups, as well as for the type
of HR (61% in AHR and 75% in UGAR), the surgical
approach (65% for laparoscopic or open HR) and the type
of LAT (77% for RFA and 58% for MWA). Recurrence
rates near the surgical margins in the HR group were lower
than LTP in LAT group (p =0.002), with no statistical dif-
ferences between the type of HR (4% after AHR and 12.5%
after UGAR), the surgical approach (4% after laparoscopic
and 7% after open) and the type of LAT (29% after RFA
and 21% after MWA). The actuarial recurrence rate cal-
culated by Kaplan—Meier product-limit method in patients
treated with LAT was significantly different compared to
cases treated with HR (p=0.012) (Fig. 2a). Furthermore,

the actuarial survival rates at 1, 3 and 5 years of follow-up
were respectively 91%, 76%, and 50% in the HR group
and 89%, 60%, and 32% in the LAT group (p =0.0039)
(Fig. 2b).

Table 3 summarize the results of univariate analysis of
the influence of preoperative and intraoperative factors on
the recurrence rates and survival among the 171 patients
with HCC included in the present study, regardless of the
surgical approach. Of note, the choice of HR or LAT was
significantly associated both with HCC recurrence and with
patient survival.

On multivariate analysis, overall mortality was predicted
by the MELD score (Hazard ratio=1.32 (1.16-1.51),
p<0.001) and serum bilirubin (Hazard ratio =0.49
(0,27-0.88), p=0.017), with the surgical treatment (Haz-
ard ratio=1.55 (0.98-2.44), p=0.059) barely entering the
model. On the propensity score Cox model, overall mortality
was predicted by the surgical treatment with Hazard ratio
1.68 (1.08-2.623) and p=0.022.

On multivariate analysis HCC recurrence was predicted
only by the surgical treatment (Hazard ratio=1.8 (1.2-2.7).
p=0.003). On the propensity score Cox model, HCC
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Table 2 Postoperative results
after hepatic resection (LHR)
or laparoscopic thermoablation
(LAT)

HR (n=78) LAT (n=93) p
Postoperative results

Hospital admission (days)(Median, IR) 8.1+3.2(7,6-9) 4.1+1.9 4, 3-5) 0.0001

Postoperative mortality (90 days) 4 (5%) 1 (1%) 0.117

Morbidity (%)* 33 (42%) 19 (20%) 0.002
Abdominal wall hematoma 7 (9%) 6 (6%) 0.535
Ascites 15 (19%) 6 (6%) 0.011
Mild acute encephalopathy 7 (9%) 5 (5%) 0.359
Hemoperitoneum 1(1%) 0 0.273
Jaundice (bilirubin >3 mg/dl) 4 (5%) 1 (1%) 0.117
Transient renal failure 2 (3%) 2 (2%) 0.859
Other complications 11 (14%) 8 (9%) 0.254
Dindo-Clavien >3 3 (4%) 1 (1%) 0.232

Long-term results
Follow-up duration (months) 574+414 39.2+30.6 0.0012
(Median, IR) (46, 22.5-81) (35, 16-56)

Morbidity” (%) 42 (55%) 44 (48%) 0.179
Portal thrombosis * 6 (8%) 12 (13%) 194
Ascites 21 (27%) 15 (16%) .077
Mild acute encephalopathy 3 (4%) 3 (3%) 0.814
Metastatic HCC 9 (12%) 3 (3%) 0.034
Digestive hemorrhage 3 (4%) 3 (3%) 0.814
Hepatic abscess 2 (3%) 2 (2%) 0.848
Other tumors 7 (9%) 3 (3%) 0.106
Other extra-hepatic complications 12 (16%) 14 (15%) 0.924

Log-term mortality (%) 53 (68%) 65 (70%) 0.784
Liver failure with diffuse HCC 27 (51%) 34 (52%) .883
Liver failure without diffuse HCC 12 (23%) 8 (12%) 0.137
Digestive hemorrhage 1 2%) 1 (1%) 0.884

Other neoplastic disease 5(9%) 4 (6%) 0.504
Septic shock 3 (6%) 5 (8%) 0.662
Cardiovascular accident 5(9%) 5 (8%) 0.735
Unknown 0 7 (11%) 0.013
Intra-hepatic recurrence (n) 51 (65%) 66 (71%) 0.434
Local tumor progression (n) 5 (6%) 22 (24%) 0.002
Intra-segmentary recur. (n) 10 (13%) 38 (41%) 0.0001
Early recurrence (<12 m.) 22 (28%) 35 (38%) 0.193

LHR laparoscopic hepatic resection, LAT laparoscopic ablation therapies, HCC hepatocellular carcinoma

*More than one coexisting complication are included

#Portal thrombosis includes partial events or thrombosis of intra-hepatic branches

recurrence was predicted by the surgical treatment with
Hazard ratio 1.82 (1.13- 2.94) and p=0.014 (Table 4).

Discussion

HCC remains a great challenge because of the high recur-
rence rates after radical treatments, mainly due to new HCC
tumors in the remaining liver. This situation significantly
impaired long-term overall survival. This study of 171
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patients with small HCC nodule (<3 cm) with a microin-
vasive ultrasound feature showed that this aggressive bio-
logical behavior has an important impact on recurrences and
survival which the type of treatment could modify.

Many scoring systems for preoperative non-invasive
procedures have been evaluated to identify the MI-HCC,
but they have only a potential value to discriminate MI-
HCC patients. Dong et al. [26] used a radiomic algorithm
base on grayscale ultrasound features but the results
showed some biases as limited resolution and relatively



Updates in Surgery (2021) 73:1359-1369

1365

Table3 Overall survival and tumor recurrence prognostic factors
(univariate analysis)

Recurrence Survival
At 5 years (p value) At 5 years (p value)
Gender
Male 76% 0.635 41% 0.613
Female 75% 39%
Age
<70 77% 0.952 46% 0.137
> 70 years 75% 36%
Cirrhosis etiology
No virus 75% 0.961 39% 0.761
HCV 77% 43%
HBV 66% 32%
BCLC score
Al 73% 0.460 49% 0.015
A2 81% 31%
A3 77% 26%
Child’s score
A5 67% 0.891 44% 0.394
A6 78% 35%
MELD score
<9 78% 0.699 47% 0.002
>9 68% 25%
Charlson’s index
<3 81% 0.054 39% 0.492
>3 63% 48%
Previous HCC
No 72% 0.0001 45% 0.086
Yes 85% 31%
Diabetes
Absent 79% 0.429 42% 0.617
Present 65% 39%
Esophageal varices
FO 76% 0.972 44% 0.219
>Fl 75% 34%
HCC diameter
<20 mm 71% 0.377 36% 0.534
>20 mm 80% 45%
Platelet (x 103/mm?)
<100 78% 0.295 31% 0.005
> 100 75% 47%
Prothrombin time (INR)
<12 75% 0.248 42% 0.139
>1.2 76% 38%
Alfa-fetoprotein (ng/ml)
<20 75% 0.130 45% 0.009
>20 78% 32%
New HCC nodule at IOUS
Absent 74% 0.076 43% 0.548
Present 81% 37%
Treatment
HR 68% 0.012 50% 0.004
LAT 79% 32%

Table 3 (continued)

Significant variables are outlined in bold font

HR hepatic resection, LAT laparoscopic ablation therapies, BCLC
barcelona clinic liver cancer, /OUS intraoperative ultrasound, HCC
hepatocellular carcinoma

a

0.50 0.75 1.00
1 1 1

0.25
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Number at risk
HR 78 38 27 11
LAT 93 32 10 5
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=]
o
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o
&
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o
C)_ -
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0 20 40 60
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LAT 93 64 39 18
‘ HR - ==~ LAT |

Fig. 2 Probability of hepatocellular carcinoma (HCC) recurrences (a)
and overall survival (b) actuarial curves comparing surgical resec-
tion (HR) and laparoscopic radiofrequency (LAT). The differences
between these groups were statistically significant for recurrence
(p=0.012) and overall survival (p =0.0039)

low accuracy, highly depending by operator experience.
Also, the use of contrast-enhanced ultrasound [14] did not
improve the results and the Authors outlined that radiom-
ics technique needs to be developed simpler to promote its
application in clinical practice. The use of CT images [12]
to investigate prognostic aspects of computational-assisted
models, especially the CT tumor radiomic features, could
predict the microvascular infiltration in the preoperative
period, but it showed several technical and methodologi-
cal challenges. Similar problems [27] have occurred with
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Table 4 Multivariate analysis

- Hazard ratio  95% confidence interval P value

of prognostic factors for HCC

recurrence and overall survival HCC recurrence
Charlson’s index [<3 vs. >3] 0.574 0.370-0.890 0.013
Previous HCC [no vs. yes] 2312 1.569-3.409 0.0001

Death

MELD score [€9vs.>9] 1.673 1.086-2.580 0.020
Platelet count [<100 vs.>100x 10%mm®]  0.651 0.441-0.962 0.031
Alpha-fetoprotein ~ [<20 vs. >20 ng/ml] 1.925 1.304-2.842 0.001
Surgical treatment  [HR vs. LAT] 1.577 1.069-2.326 0.021

HR hepatic resection, LAT laparoscopic ablation therapies, HCC hepatocellular carcinoma

combined models based on MRI and clinical features for
the prediction in MI-HCC.

Several studies have confirmed that the presence of
microvascular infiltration and satellitosis were risk fac-
tors of HCC recurrence after curative treatments [1-3]
and therefore the importance to have a technique for their
identification before the histological examination [4—6]. In
fact, if it is possible to know the biological aggressiveness
of the primary tumor, the patient with a MI-HCC could
be treated differently. A recent study [28] of 496 patients
with single, small (<2 cm) HCC submitted to hepatectomy
confirmed that the presence of microvascular infiltration
correlated with a poor prognosis: the Authors concluded
that the identification of this pattern should help in avoid-
ing local ablation as first-line treatment and in enlarging
the surgical margins during the resection. Another study
confirmed this suggestion [29]: narrow resection margins
(<1 cm) in patients with MI-HCC determined the worst
oncological outcomes after HR. These results have not
been completely confirmed by another study [30] com-
paring anatomical versus non-anatomical resections. The
group submitted to anatomical resections did not suffer of
any local recurrences, but this advantage did not produce a
significant effect on overall recurrence and survival rates.
On the other hand, a comparison between percutaneous
radiofrequency ablation and HR [31] showed that the rate
of early HCC recurrences was lower after HR than percu-
taneous ablation for patients with small HCC (<3 cm) at
high risk of microvascular infiltration detected by a pre-
diction model.

In a previous study [15], we have demonstrated that
IOUS is able to detect the features of MI-HCC and these
findings strongly correlated with histopathologic criteria.
These IOUS findings are important to knowledge the bio-
logical behavior of HCC and to predict the risk of long-
term recurrence and overall survival rates. The capacity
of IOUS to detect the MI-IOUS pattern permit to identify
these high-risk patients also in the case of LAT, a treat-
ment without a pathological specimen to evaluate.

@ Springer

This study showed some differences in comparison with
previously cited studies, both for the methods and for the
results. Particularly:

e Neither radiomics methods nor predictive scores have
been used to identify patients with MI-HCC, but IOUS
has been used to identify MI-HCC. In our previous stud-
ies [15, 21], we demonstrated that high-frequency probes
of IOUS is able to identify the presence of microvascu-
lar infiltration and satellitosis. These ultrasound features
strongly correlated with histological findings producing
a beneficial impact on the management choices.

¢ Different classification of MI-HCC has been proposed as
summarized in the article of Erstad et al. [2]. Our study,
according to the definition of Yamashita [5], did not
include only the microvascular infiltration. We defined
as MI-HCC [15] all nodule with the presence of vascular/
biliary encasement or strict contact between vascular/
biliary wall and nodule margins and the identification of
small nodules within 2 cm away from the primary lesion.

e HR guarantees lower rates of LTP and intra-segmental
recurrences than LAT, while the overall intra-hepatic
recurrence rate is significantly different only analyzing
the actuarial curves. The intraoperative definition of MI-
HCC defined a group of patients at high-risk to develop
a new nodule, also away distant from the primary tumor.

e Definitely, in patients with MI-HCC, LAT showed a
higher risk of LTP, probably due to the microvascular
infiltration and/or satellitosis: these results are similar to
those obtained for lesions adjacent the major vessels as
described elsewhere [32]. On the other hand, the specific
indications for the laparoscopic approach (difficult, deep
or dangerous position) is a justification for overlapping
needle insertions to obtain a larger necrosis area and to
include the microvascular infiltration and/or satellitosis.
In the future, an extensive use of laparoscopic contrast-
enhanced IOUS could permit to increase the efficacy of
LAT evaluating intraoperatively the necrosis area and the
presence of residual disease;
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e On multivariate analysis, HCC recurrence was pre-
dicted only by the surgical treatment (Hazard ratio=1.8
(1.2-2.7) (p =0.003), confirmed also by the propensity
score Cox model. Post-treatment HCC recurrence is a
common problem in cirrhotic patients: several studies
confirmed that patients with LTP or recurrence after
local treatments had a higher risk to develop new HCC
during the follow-up [33-36].

e On multivariate analysis, overall mortality was pre-
dicted by the MELD score and serum bilirubin with
the surgical treatment barely entering the model. As
regards the two first variables, it is well known that
hepatic function scores and bilirubin levels, also in
Child A patients, were important prognostic factors
for overall survival not only for HR [18, 37] or LAT
[38] but also for liver transplantation [39]. However, on
the propensity score Cox model, overall mortality was
predicted only by the surgical treatment with a Hazard
ratio 1.68 (1.08-2.623) (p =0.022).

e Recent meta-analysis confirmed that HR offers better
long-term oncologic outcomes than percutaneous RFA
[40], also for patients with very-early HCC. Furthermore,
our previous study comparing LAT and HR [22] showed
some advantages for surgery in terms of recurrences and
overall survival, even if LAT is a valid alternative for
tumors would require complex HR or for patients with
liver disfunction. In this group of patients including small
HCC with aggressive behavior (MI-HCC), HR seems
guarantee both a better overall survival and the recur-
rences rates.

The present study, despite the proper methodology used
to balance the baseline characteristics of patients included in
the analysis, is limited by the clinical tendency to select each
treatment according to specific technical variables: a lesion
sited in the periphery versus centrally located, its proximity
to major bile ducts, a patient’s body habitus with or without
comorbidities, or the provider’s experience could introduce
an inherent selection bias.

In conclusion, IOUS is able to detect patients with MI-
HCC. If the nodule position and/or the liver function per-
mits a surgical resection, HR is the best option and, if it is
possible, through a laparoscopic approach guarantying wide
margins. At the contrary, LAT is a valid alternative even if
ablation through a surgical approach seems to be not able to
improve LTP rates: probably IOUS evaluation cannot com-
pletely detect the exact extension of microvascular infiltra-
tion and satellitosis resulting in a not-completely ablation
effect. Further studies are necessary to elucidate if MWA or
other technologies (laparoscopic contrast-enhanced IOUS)
could improve oncological outcomes of patients with MI-
HCC in comparison to RFA.
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