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ABSTRACT 
Background.  Curative options for large hepatocellular 
carcinoma (LHCC) are limited because of the high risk 
of early and extrahepatic recurrence. However, only a few 

studies report data on long-term outcomes in large cohorts of 
resected LHCC. We therefore investigated timing and site of 
recurrence of LHCC and assessed factors strictly associated 
with adverse patterns.
Patients and Methods.  This was a retrospective, interna-
tional, multicenter study of patients undergoing anatomic 
resection of HCC ≥ 5 cm at 12 hepatobiliary high-volume 
centers. Extrahepatic recurrence was defined as any distant 
site of metastasis, while recurrence within 2 years after sur-
gery was classified as early recurrence.
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Results.  A total of 869 patients were included. Recurrence 
was observed in 487 (56%) cases. Patterns associated with 
reduced overall survival  were early (p < 0.001) and simulta-
neous intrahepatic and extrahepatic recurrence (p = 0.038). 
Variables independently associated with early recurrence 
were age (p = 0.037), major hepatectomy (p = 0.023), micro-
vascular invasion (p = 0.011), satellites nodules (p = 0.005), 
and open approach (p = 0.025). Variables correlated with 
simultaneous intra- and extrahepatic relapse were age 
(p < 0.001), preoperative transarterial chemoembolization 
(TACE) (p < 0.001), microvascular invasion (p < 0.001), and 
satellite nodules (p = 0.026).
Conclusions.  Surgery for LHCC is associated with a high 
risk of early recurrence. Apart from pathological variables, 
factors independently associated with adverse patterns were 
open approach and age for the early recurrence and preop-
erative TACE and age for simultaneous intra-extrahepatic 
relapse. BCLC stage was not associated with timing nor with 
site of recurrence.

Keywords  Hepatocellular carcinoma · Surgical 
resection · BCLC score · Patterns of recurrence · Outcomes

Hepatocellular carcinoma (HCC), the most prevalent pri-
mary hepatic malignancy,1 currently represents an important 
socioeconomic problem, due to its well-known risk factors 
as virus, alcohol, and metabolic dysfunction-associated fatty 
liver disease.2,3 Different therapeutic options are available 
according to liver function, patient performance status, and 
disease staging, features that are mixed together in the Bar-
celona Clinical Liver Cancer (BCLC) model to propose a 
treatment flow chart and predict long-term outcomes.4 Cura-
tive options are essentially represented by liver transplanta-
tion, thermal ablation, and surgical resection (SR), to which 
strict criteria are normally applied. In any case, in the pres-
ence of a correct liver function, tumor size and number of 
nodules are the first filter to select the best treatment. As in 
other liver tumours,5 thermal ablation is, for instance, the 
treatment of choice in small (< 2–3 cm), single lesions,6,7 
while Milan criteria (or the “extended criteria” in particular 
cases),8,9 guide indications for liver transplantation. Some 
patients, however, present larger lesions at diagnosis, which 
modifies treatment flow chart and limits curative possibili-
ties. Large HCC (LHCC), lesions with a largest diameter ≥ 5 
cm, show worse outcomes compared with smaller lesions.10 
In case of solitary LHCC, classified as early stage (BCLC-
A), SR often remains the only possible curative treatment, 
on condition of a minor degree of portal hypertension and a 
resectable disease.4 When multiple localizations are evident 
at imaging evaluation in LHCC, tumor shifts to the inter-
mediate stage (BCLC-B) and surgery is no more indicated. 
Nevertheless, some patients in this category could benefit 

from SR. Indeed, surgical series reported how the distinc-
tion between BLCL-A and B in LHCC does not represent 
an independent prognostic predictor after curative resec-
tion.11,12 The main issue in these patients and the reason why 
criteria for SR are so strict remains, however, the higher risk 
of developing an early or an extrahepatic recurrence. These 
patterns are in fact known to be associated with impaired 
overall survival (OS) and disease-free survival (DFS) rates 
in all types of HCC.11,13 Although dimensional criteria are 
important in the BCLC staging system, only a few stud-
ies report in literature data on outcomes in large cohort of 
resected LHCC and assess factors associated with the risk 
of early or extrahepatic recurrence.

We therefore investigated patterns of timing and site of 
recurrence after curative resection of LHCC in a large, mul-
ticenter database. Furthermore, we aimed to assess factors 
strictly associated with those types of recurrence associated 
with impaired long-term outcomes.

PATIENTS AND METHODS

Study Design

This is a retrospective study conducted on a multicentric 
international database. Data were prospectively collected 
and provided by 12 hepatobiliary high-volume centers across 
Italy, France, and South Korea. The study was aligned to 
the ethical standards of the Declaration of Helsinki14 and 
no specific informed consent was obtained given the ret-
rospective and observational nature of the analysis. Cases 
presenting histopathologically confirmed HCC, with a tumor 
diameter ≥ 5 cm at preoperative imaging [contrast-enhanced 
computed tomography (CT)/magnetic resonance imaging 
(MRI)], considered resectable at diagnosis and undergoing 
an anatomical SR with a curative intent between January 
2014 and December 2021, were included. Patients resected 
for recurrent LHCC, undergoing preoperative systemic ther-
apies or adjuvant treatments, invading the main portal trunk 
or the portal bifurcation, or with a history of extrahepatic 
disease were excluded. Patients with less than 4 months of 
follow-up (FU) were not considered for the analysis as well. 
Cases were included and reported according to the principles 
of Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.15 Data collection was 
performed by completing a common database sent to all the 
participating centers. Data submitted were then evaluated by 
the local investigators of the promoting center and inclusion/
exclusion criteria were manually checked before starting the 
analysis.

The primary endpoint was the analysis of survival rates 
according to timing of recurrence (early, late) and site (intra-
hepatic, extrahepatic, or both). Secondary endpoints were 
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perioperative factors independently associated with patterns 
of recurrence (according to timing and site).
Perioperative Variables and Follow‑Up

Demographic and clinical data were collected for each 
patient, including age, sex, body mass index (BMI), Ameri-
can Society of Anesthesiology (ASA) score, Charlson 
comorbidity index (CCI) score, comorbidities, and history of 
hepatitis (hepatitis B or hepatitis C virus infection). In case 
of known underlying cirrhosis, liver function was assessed 
according to the Child–Pugh classification. Preoperative 
blood tests included alpha-fetoprotein (AFP) level, liver and 
renal function tests, and platelet and coagulation tests. As 
regards tumoral information and management, number and 
maximum diameter of the LHCC (assessed on preoperative 
radiologic imaging), performance of preoperative transarte-
rial chemoembolization (TACE), preoperative portal vein 
embolization (PVE), or ligation (PVL) were reported. Sur-
gical and pathological variables were assessed including 
type of approach [open versus minimally invasive (MI)], 
extension of hepatectomy according to the Brisbane termi-
nology and its recent updates (major ≥ 3 segments),16 intra-
operative blood transfusion, operative time, postoperative 
complications according to Clavien–Dindo classification,17 
maximum tumor size on pathologic assessment, satellite 
nodules (defined as tumors < 2 cm in size located < 2 cm 
from the main tumor),18 microvascular infiltration, capsular 
invasion, surgical margin (R1 considered as ≤ 1 mm) and 
tumor grading [according to the World Health Organization 
(WHO) classification].19 Preoperative strategy, as choice 
of performing PVE or TACE, and intraoperative planning, 
including type of approach or extension of the hepatectomy, 
were dependent on surgeon preferences and multidiscipli-
nary board recommendations, but always with the aim of 
obtaining a curative resection.

After patient discharge, a follow-up (FU) was planned 
according to the EASL recommendations. Patients were seen 
by a surgeon or a hepatologist every 3 months for the first 
2 years after surgery and subsequently every 3–6 months 
until 5 years. Visits consisted of physical examination, 
serum AFP determination and liver function tests, and at 
least one imaging examination (contrast-enhanced CT or 
MRI). HCC recurrence was suggested by an elevation of 
serum AFP or by new hepatic or extrahepatic lesions at CT 
or MRI imaging. Any doubtful lesion during FU was dis-
cussed in a dedicated HPB multidisciplinary team meeting 
to confirm HCC recurrence or whether further investigations 
were needed [biopsy, positron emission tomography (PET), 
and so on]. If proved, the best therapy according to patient’s 
status and disease extent was validated. Site of recurrence 
during FU, type of treatment administrated, and following 
FU were recorded. Extrahepatic recurrence was defined as 
the appearance of any distant site of metastasis, regardless 

of the presence of an intrahepatic relapse. Recurrence within 
2 years after surgical resection was classified as early recur-
rence, while late recurrence was defined as a disease relapse 
at least 2 years after liver resection.20–23

Statistical Analysis

Categorical data were reported as absolute number with 
relative proportions (%) and compared by the χ2 test with 
Yates correction if necessary, or Fischer’s exact test if indi-
cated. Continuous data were expressed as median and range 
and compared using Student’s t test or Mann–Whitney U test 
in case of normal distribution. Kaplan–Meier analyses were 
performed and survival outcomes compared using log-rank 
test for categorical variables and through Cox test in case 
of continuous data. Hazard ratios and the relative 95% CI 
were always reported. A logistic model was built to identify 
independent factors associated with those patterns show-
ing reduced OS and DFS rates. Only variables with p-value 
less than 0.25 in simple regression model were included in 
the final model.24 All statistical analyses were performed 
using SPSS software (version 29.0, IBM Corp., Armonk, 
NY, USA) and R (R Project for statistical computing, ver-
sion 4.2.2, R Core Team) while forest plots for binary logis-
tic regression made with Excel (Microsoft 365, Microsoft 
Corporation). Two-sided p-value < 0.05 was considered as 
statistically significant.

RESULTS

Data from 1043 patients were gathered from the partici-
pating centers according to the applied criteria. After screen-
ing, 179 cases were excluded from the cohort because of 
missing FU (n = 51), incomplete data (n = 103), or tumor 
size inferior to 5 cm at preoperative imaging (n = 25). A 
total of 869 patients were finally considered for the analysis. 
Of these, 479 had no underlying cirrhosis (55.1%) and 399 
(45.9%) had a history of viral infection. Regarding surgical 
variables, a major hepatectomy was needed in 446 cases 
(51.3%), and in 315 patients (36.2%) MI approach was 
used. Histological assessment confirmed multinodular dis-
ease (BCLC-B) in 208 cases (23.9%), with a total of 869 
(74.2%) LHCC including 224 (25.8%) huge HCC (≥ 10 cm). 
A summary of all clinicopathological features of the cohort 
is included in Table 1.

Timing of Recurrence

Median FU in the whole cohort was 28 months (IQR 
15.7–56.2 months). Recurrence was observed in 487 (56%) 
of the cases. Of those, 402 (82.5%) patients experienced 
recurrence within 2 years of the resection while late recur-
rence was documented in 85 cases (17.5%). Table 1 presents 



6315Patterns of Site and Timing …                

TABLE 1   Patient characteristics in the whole cohort according to timing of recurrence

Variable No recurrence
n = 382

Early recurrence
n = 402

p* Late recurrence
n = 85

p** p***

n (%) n (%)

Age (years), SD 68 (12) 65 (12) < 0.001 68 (12) 0.273 0.302
Sex
 Male 300 (78.5) 324 (80.6) 0.474 70 (82.4) 0.432 0.708
 Female 82 (21.5) 78 (19.4) 15 (17.6)

BMI (kg/m2), SD 25.2 (4.4) 24.6 (4.2) 0.102 25 (4.8) 0.468 0.107
ASA
 I 35 (9.2) 33 (8.2) 0.881 2 (2.4) 0.120 0.206
 II 205 (53.7) 209 (52) 46 (54.1)
 III 136 (35.6) 153 (38.1) 34 (40)
 IV 6 (1.6) 7 (1.7) 3 (3.5)

Charlson comorbidity index
 ≤ 5
 > 5

234 (61.3)
148 (38.7)

258 (64.2)
144 (35.8)

0.398 55 (64.7)
30 (35.3)

0.554 0.927

Underlying cirrhosis (Child–Pugh)
 No
 A
 B

214 (56)
163 (42.7)
5 (1.3)

216 (53.7)
172 (42.8)
14 (3.5)

0.135 49 (57.6)
34 (40)
2 (2.4)

0.720 0.741

Normal platelets count, (≥ 150 × 109/L)
 No
 Yes

77 (20.2)
305 (79.8)

96 (23.9)
306 (76.1)

0.209 19 (22.4)
66 (77.6)

0.650 0.763

History of viral infection (HBV/HCV)
 No
 Yes

217 (56.8)
165 (43.2)

201 (50)
201 (50)

0.056 52 (61.2)
33 (38.8)

0.461 0.061

AFP level (ng/mL), SD 24 (5753) 29 (7082) 0.060 14 (1559) 0.066 0.012
HCC median size at diagnosis (mm), SD 68 (52) 77 (61) < 0.001 66 (66.3) 0.927 0.004
Preoperative TACE performed
 No
 Yes

334 (87.4)
48 (12.6)

324 (80.6)
78 (19.4)

0.009 66 (77.6)
19 (22.4)

0.020 0.536

PVE/PVL performed
 No
 Yes

333 (87.2)
49 (12.8)

328 (81.6)
74 (18.4)

0.032 70 (82.4)
15 (17.6)

0.243 0.869

Approach
 Open
 Minimally invasive

221 (57.9)
161 (42.1)

282 (70.1)
120 (29.9)

< 0.001 51 (60)
34 (40)

0.717 0.068

Extension of hepatectomy
 Minor
 Major

201 (52.6)
181 (47.4)

171 (42.5)
231 (57.5)

0.005 51 (60)
34 (40)

0.217 0.003

Operative time (min), SD 269 (103) 274 (109) 0.174 260 (114) 0.919 0.373
Intraoperative blood transfusion
 No
 Yes

326 (85.3)
56 (14.7)

313 (77.9)
89 (22.1)

0.007 67 (78.8)
18 (21.2)

0.137 0.846

Severe postoperative complications (CD ≥ 3)
 No
 Yes

343 (89.8)
39 (10.2)

349 (86.8)
53 (13.2)

0.196 78 (91.8)
7 (8.2)

0.581 0.207

HCC median size on pathology (mm), SD 70 (35) 78 (41) < 0.001 67 (63) 0.902 0.024
WHO tumor differentiation
 Well
 Moderate
 Poor/undifferentiated

108 (28.3)
220 (57.6)
54 (14.1)

98 (24.4)
244 (60.7)
60 (14.9)

0.465 32 (37.6)
44 (51.8)
9 (10.6)

0.212 0.039

Tumor number
 Solitary
 Multiple

301 (78.8)
81 (21.2)

293 (72.9)
109 (27.1)

0.054 67 (78.8)
18 (21.2)

0.995 0.257
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differences among the three groups of patients in terms of 
baseline, surgical, and pathological variables. Patients with 
late recurrence and without relapse were similar in all the 
variables assessed, except from the rate of preoperative 
TACE performed (p = 0.020). When comparing patients 
with early and late recurrence, the latter had a significantly 
lower baseline AFP level (p = 0.012), a smaller tumor diam-
eter at preoperative imaging and on pathological specimen 
(p = 0.004 and p = 0.024, respectively), a higher percent-
age of well-differentiated tumor (p = 0.039), and a lower 
number of satellite nodules (p = 0.021) and positive resec-
tion margin (p = 0.018). The 1-, 3-, and 5-year OS rates 
were 97.3%, 90.2%, and 87.9% for the no recurrence group, 
respectively, and 100%, 90.6%, and 78.2% for those patients 
experiencing late recurrence, respectively, while the early 
recurrence group experienced the worst survival rates with 
87.1%, 48.9%, and 35.5%, respecitvely (p < 0.001, Fig. 1A). 
Table 2 presents differences in pattern and treatment of dis-
ease relapse in the two types of recurrence. Early recurrence 
had a significantly higher rate of extrahepatic site of disease 
relapse (148/402 patients, 36.8%) compared with those with 
late recurrence (21/85 patients, 24.7%; p = 0.033). Similarly, 
patients with a disease relapse within 2 years more often 
needed systemic treatments or best supportive care com-
pared with patients with late recurrence, who were mostly 
treated with local therapies (p = 0.002).

Site of Recurrence

Intrahepatic recurrence occurred in 318 patients (36.6 %) 
while extrahepatic localization of the disease was observed 
in 169 cases (19.4%). Table 3 presents differences among 
patients with no recurrence, intrahepatic recurrence, and 
extrahepatic recurrence. Compared with those with no dis-
ease relapse, patients with liver-only recurrence had mainly 
more aggressive histological variables, such as tumor size 
(preoperatively, p = 0.019), tumor number (p = 0.030), sat-
ellite nodules (p = 0.010), and margin status (p = 0.030). 
On the contrary, cases with evidence of extrahepatic dis-
ease showed multiple pre-, perioperative, and pathological 
differences compared with those with intrahepatic recur-
rence. However, when comparing OS curves of cases with 
intrahepatic and extrahepatic recurrence, no difference was 
observed (p = 0.21, Fig. 1B). Site of disease relapse was 
therefore split in intrahepatic recurrence (n =318, 65.3%), 
extrahepatic-only (n = 48, 9.9%), and simultaneous intra-
hepatic and extrahepatic recurrence, which was observed in 
121 patients (24.8%). When assessing survival rates in these 
groups, the 1-, 3-, and 5-year OS rates were 90%, 56.4%, 
and 45.8% in case of liver-only recurrence, respectively, 
and 91.3%, 58.8%, and 51.5% in the extrahepatic recurrence 
group, respectively, while in simultaneous intrahepatic and 
extrahepatic relapse they were 90%, 59.6%, and 41.7%, 
respectively, with a statistically significant difference among 
the three groups (p = 0.038, Fig. 2A). Clinico-pathological 

Bold values indicate in Reaching statistical significance
* Analysis performed between patients with early recurrence and patients with no recurrence
** Analysis performed between patients with late recurrence and patients with no recurrence
*** Analysis performed between patients with late recurrence and patients with early recurrence
SD standard deviation, BMI body mass index, ASA American Society of Anesthesiologists, HBV hepatitis B virus, HCV hepatitis C virus, AFP 
alpha fetoprotein, HCC hepatocellular carcinoma, TACE transarterial chemoembolization, PVE portal vein embolization, PVL portal vein liga-
tion, CD Clavien–Dindo, WHO World Health Organization

Table 1   (continued)

Variable No recurrence
n = 382

Early recurrence
n = 402

p* Late recurrence
n = 85

p** p***

n (%) n (%)

Microvascular infiltration
 No
 Yes

193 (50.5)
189 (49.5)

156 (38.8)
246 (61.2)

< 0.001 41 (48.2)
44 (51.8)

0.703 0.108

Capsular invasion (n = 210 missing)
 No
 Yes

190 (65.1)
102 (34.9)

187 (66.3)
95 (33.7)

0.754 38 (64.4)
21 (35.6)

0.923 0.779

Satellite nodules
 No
 Yes

315 (82.5)
67 (17.5)

276 (68.7)
126 (31.3)

< 0.001 69 (81.2)
16 (18.8)

0.779 0.021

Margin status
 Negative
 Positive

361 (94.5)
21 (5.5)

360 (89.6)
42 (10.4)

0.011 83 (97.6)
2 (2.4)

0.226 0.018
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FIG. 1   A Kaplan–Meier curves exploring OS according to timing of recurrence and B intra- or extrahepatic recurrence after curative resection 
in large HCC

TABLE 2   Comparisons of long-term outcomes and treatment modalities of recurrence according to time of recurrence

Bold values indicate in Reaching statistical significance
BSC best supportive care, DFS disease-free survival, CI confidence interval, OS overall survival

Variable Total
n = 487

Early recurrence
n = 402

Late recurrence
n = 85

p

n (%)

Follow-up, median (range) 27 (3–174) 24 (3–174) 66 (25–173)
Site of recurrence
 Intrahepatic
 Extrahepatic

318 (65.3)
169 (34.7)

254 (63.2)
148 (36.8)

64 (75.3)
21 (24.7)

0.033

Organ of recurrence
 Liver
 Lungs
 Bone
 Other intra-abdominal
 Multi-metastatic

318 (65.3)
10 (2.1)
6 (1.2)
18 (3.7)
135 (27.7)

254 (63.2)
10 (2.5)
6 (1.5)
17 (4.2)
115 (28.6)

64 (75.3)
–
–
1 (1.2)
20 (23.5)

0.117

Treatment of recurrence
 Curative
 Palliative local
 Palliative systemic/BSC

137 (28.1)
157 (32.2)
193 (39.6)

100 (24.9)
134 (33.3)
168 (41.8)

37 (43.5)
23 (27.1)
25 (29.4)

0.002

Disease-free survival, median (months, 95% CI)
 1-year DFS rate (%)
 3-year DFS rate (%)
 5-year DFS rate (%)

10 (8.7–11.3)
42.5
9.9
3.3

7 (6.3–7.7)
32.1
–
–

39 (33.8–44.1)
100
56.5
18.8

< 0.001

Overall survival, median (months, 95% CI)
 1-year OS rate (%)
 2-year OS rate (%)
 5-year OS rate (%)

50 (40.5–59.5)
89.4
57.5
45.1

35 (28.3–41.6)
87.1
48.9
35.5

119 (79–159)
100
90.6
78.2

< 0.001
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TABLE 3   Patient characteristics in the whole cohort according to site of recurrence

Variable No recurrence
n = 382

Intrahepatic 
recurrence
n = 318

p* Extrahepatic 
recurrence
n = 169

p** p***

n (%) n (%)

Age (years), SD 68 (11) 68 (11) 0.324 63 (13) < 0.001 < 0.001
Sex
 Male
 Female

300 (78.5)
82 (21.5)

247 (77.7)
71 (22.3)

0.784 147 (87)
22 (13)

0.019 0.013

BMI (kg/m2), SD 25 (4.2) 25 (4.4) 0.703 24.5 (3.9) 0.051 0.159
ASA
 I
 II
 III
 IV

35 (9.2)
205 (53.7)
136 (35.6)
6 (1.6)

17 (5.3)
160 (50.3)
135 (42.5)
6 (1.9)

0.113 18 (10.7)
95 (56.2)
52 (30.8)
4 (2.4)

0.655 0.028

Charlson comorbidity index
 ≤ 5
 > 5

234 (61.3)
148 (38.7)

196 (61.6)
122 (38.4)

0.918 117 (69.2)
52 (30.8)

0.073 0.096

Underlying Cirrhosis (Child-Pugh)
 No
 A
 B

214 (56)
163 (42.7)
5 (1.3)

167 (52.5)
141 (44.3)
10 (3.1)

0.199 98 (58)
65 (38.5)
6 (3.6)

0.171 0.457

Normal platelets count, (≥ 150 × 109/L)
 No
 Yes

77 (20.2)
305 (79.8)

82 (25.8)
236 (74.2)

0.077 33 (19.5)
136 (80.5)

0.864 0.122

History of viral infection (HBV/HCV)
 No
 Yes

217 (56.8)
165 (43.2)

172 (54.1)
146 (45.9)

0.471 81 (47.9)
88 (52.1)

0.054 0.195

AFP level (ng/mL), SD 24.5 (5753) 27 (5220) 0.689 27 (8305) 0.100 0.173
HCC median size at diagnosis (mm), SD 68.5 (52.6) 71 (70) 0.019 80 (42) < 0.001 0.017
Preoperative TACE performed
 No
 Yes

334 (87.4)
48 (12.6)

272 (85.5)
46 (14.5)

0.463 118 (69.8)
51 (30.2)

< 0.001 < 0.001

PVE/PVL performed
 No
 Yes

333 (87.2)
49 (12.8)

271 (85.2)
47 (14.8)

0.455 127 (75.1)
42 (24.9)

< 0.001 0.006

Approach
 Open
 Minimally invasive

221 (57.9)
161 (42.1)

218 (68.6)
100 (31.4)

0.004 115 (68)
54 (32)

0.024 0.909

Extension of hepatectomy
 Minor
 Major

201 (52.6)
181 (47.4)

155 (48.7)
163 (51.3)

0.307 67 (39.6)
102 (60.4)

0.005 0.055

Operative time (min), SD 269 (103) 275 (106) 0.182 270 (116) 0.707 0.497
Intraoperative blood transfusion
 No
 Yes

326 (85.3)
56 (14.7)

257 (80.8)
61 (19.2)

0.110 123 (72.8)
46 (27.2)

< 0.001 0.041

Severe postoperative complications (CD ≥ 3)
 No
 Yes

343 (89.8)
39 (10.2)

281 (88.4)
37 (11.6)

0.546 146 (86.4)
23 (13.6)

0.244 0.528

HCC median size on pathology (mm), SD 70 (35) 73 (47) 0.056 82 (43) < 0.001 0.015
WHO tumor differentiation
 Well
 Moderate
 Poor/undifferentiated

108 (28.3)
220 (57.6)
54 (14.1)

94 (29.6)
189 (59.4)
35 (11)

0.464 36 (21.3)
99 (58.6)
34 (20.1)

0.090 0.010

Tumor number
 Solitary
 Multiple

301 (78.8)
81 (21.2)

228 (71.7)
90 (28.3)

0.030 132 (78.1)
37 (21.9)

0.856 0.125
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Table 3   (continued)

Variable No recurrence
n = 382

Intrahepatic 
recurrence
n = 318

p* Extrahepatic 
recurrence
n = 169

p** p***

n (%) n (%)

Microvascular infiltration
 No
 Yes

193 (50.5)
189 (49.5)

145 (45.6)
173 (54.4)

0.194 52 (30.8)
117 (69.2)

< 0.001 0.002

Capsular invasion (n = 210 missing)
 No
 Yes

190 (65.1)
102 (34.9)

175 (69.2)
78 (30.8)

0.310 50 (56.8)
38 (43.2)

0.160 0.035

Satellite nodules
 No
 Yes

315 (82.5)
67 (17.5)

237 (74.5)
81 (25.5)

0.010 108 (63.9)
61 (36.1)

< 0.001 0.014

Margin status
 Negative
 Positive

361 (94.5)
21 (5.5)

287 (90.3)
31 (9.7)

0.033 156 (92.3)
13 (7.7)

0.323 0.451

Bold values indicate in Reaching statistical significance
* Analysis performed between patients with intrahepatic and no recurrence
** Analysis performed between patients with extrahepatic and no recurrence
*** Analysis performed between patients with intrahepatic and extrahepatic recurrence
SD standard deviation, BMI body mass index, ASA American Society of Anesthesiologists, HBV hepatitis B virus, HCV hepatitis C virus, AFP 
alpha fetoprotein, HCC hepatocellular carcinoma, TACE transarterial chemoembolization, PVE portal vein embolization, PVL portal vein liga-
tion, CD Clavien–Dindo, WHO World Health Organization
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Time after hepatic resection (Months)
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FIG. 2   A Kaplan–Meier curves exploring OS according to site of recurrence and B Kaplan–Meier curves exploring OS according to site and 
timing of disease recurrence; IR intrahepatic recurrence, ER extrahepatic recurrence
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features of those patients with both intra- and extrahepatic 
recurrence and differences with the rest of the cohort are pre-
sented in Table S1. When combining site (intrahepatic ver-
sus extrahepatic) and timing of recurrence (early and late) in 
four groups (EIR: early intrahepatic recurrence, EER: early 
extrahepatic recurrence, LIR: late intrahepatic recurrence, 
and LER: late extrahepatic recurrence) an overall signifi-
cance was reached (p < 0.001, Fig. 2B). However, worse 
OS rates were observed in EIR and EER cases (EIR versus 
EER, p = 0.864) compared with the two groups with late 
recurrence (LIR versus LER, p = 0.455).

Factors Associated with Worst Patterns of Recurrence

Due to the similarity between patients with late and 
no recurrence, as well as the worst prognosis observed in 
cases with early relapse, a binary logistic regression was 
performed to find predictors of recurrence within 2 years 
after surgery. The result of the univariate analysis is pre-
sented in Table S2. Results of this multivariate model were 
depicted as a forest plot in Fig. 3A. Variables independently 
associated with early recurrence were age (OR 0.987, 95% 
CI 0.975–0.999; p = 0.037), major hepatectomy (OR 1.415, 
95% CI 1.049–1.91; p = 0.023), MVI (OR 1.469, 95% CI 
1.092–1.976; p = 0.011), and presence of satellite nodules 
(OR 1.66, 95% CI 1.166–2.363; p = 0.005). The model also 
showed that MI approach was a protecting factor, as it was 

associated with a lower risk of early recurrence (OR 0.705, 
95% CI 0.519–0.956; p = 0.025). The same analysis was 
repeated to assess independent predictors of cases that will 
develop simultaneous intrahepatic and extrahepatic recur-
rence during FU, that is, those patients who experienced the 
worst OS rates (see Table S1 and Fig. 3B). At multivariate 
analysis, variables found to be strongly correlated with mul-
tisite of relapse were age (OR 0.961, 95% CI 0.947–0.976; 
p < 0.001), performance of preoperative TACE (OR 2.919, 
95% CI 1.805–4.722; p < 0.001), microvascular invasion 
(OR 2.161, 95% CI 1.379–3.387; p < 0.001), and satellite 
nodules (OR 1.657, 95% CI 1.064–2.582; p = 0.026).

DISCUSSION

In this large multicentric study we found that after cura-
tive surgical resection, overall risk of recurrence was not sig-
nificantly higher if compared with smaller lesions described 
in other large series,10,13,25–27 with less than a half of the 
patients in the cohort not developing disease relapse. How-
ever, what seems to differ in these patients is the risk of early 
recurrence, which is probably higher compared with tumors 
< 5 cm.13,20,25,27 Early and simultaneous intra- and extrahe-
patic recurrence were patterns that experienced impaired OS 
rates. Furthermore, size and number of lesions in our cohort, 
and therefore the distinction between early and intermediate 
BCLC stage, did not influence directly the risk of early or 

Baseline variables P value P value

Age
BMI

Preoperative cirrhosis
Platelets count

History of viral infection
Preoperative factors

AFP level
HCC median size
TACE performed

PVE/PVL performed
Perioperative factors

MI Approach
Major hepatectomy

Operative time
Intraoperative blood trasfusion

Severe post-operative complications
Histology

HCC tumor size
WHO tumor differentiation*

Tumor number
MIcrovascular infintration

Satellites nodules
Margin status

0.037
0.265
0.309
0.07
0.357

0.343
0.727
0.173
0.386

0.025
0.023
0.734
0.08
0.627

0.287
0.672
0.241
0.011
0.005
0.084

Age
BMI

Gender
ASA^

CCI >5
History of viral infection

Preoperative factors
AFP level

HCC median size
TACE performed

PVE/PVL performed
Perioperative factors

Intraoperative blood trasfusion
Extension of hepatectomy

Histology
HCC tumor size

WHO tumor differentiation*
Tumor number

MIcrovascular infintration
Satellites nodules

<0.001
0.531
0.111
0.901
0.742
0.366

0.135
0.699
<0.001
0.420

0.069
0.540

0.074
0.279
0.183
<0.001
0.026

Baseline variables

0 1 2 3
Odds Ratio

4 5 0 1 2 3
Odds Ratio

4 5

A B

FIG. 3   Forest plots showing the association between different vari-
ables (with p < 0.250 at univariate analysis) and specific pattern of 
recurrence in the multivariable logistic regression model; x-axis rep-
resents odds ratio (OR) obtained in the analysis with the relative 95% 
CI, identified by the horizontal line of each dot; A first image shows 
results of the multivariate analysis for the assessment of independ-
ent predictors of early recurrence; OR > 1 identifies a higher risk of 
developing early recurrence, while OR lower than 1 is associated with 
a higher probability of no or late recurrence; B results of the multi-
variate logistic regression analysis for the prediction of patients expe-
riencing simultaneous intra- and extrahepatic recurrence during fol-

low-up; for variables consisting of more than two categories (WHO 
tumor differentiation and ASA score), overall p-value was noted, 
while OR and its relative CI are referred to: * the risk between G3 
and G1 tumors for WHO tumor differentiation and ^ the risk between 
ASA 4 and ASA 1 patients for the ASA score variable; BMI body 
mass index, AFP alpha fetoprotein, HCC hepatocellular carcinoma, 
TACE transarterial chemoembolization, PVE portal vein emboliza-
tion, PVL portal vein ligation, MI minimally invasive, WHO World 
Health Organization, ASA American Society of Anesthesiologists, 
CCI Charlson comorbidity index
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multisite recurrence, which are those patterns showing an 
impaired prognosis.

Early recurrence in HCC has always been considered one 
of the worst prognostic indicators after curative resection, 
with many authors trying to create valid predictive mod-
els to select the best candidates for surgery.23,28,29 Rates of 
early recurrence after liver resection for single HCC ranges 
between 30 and 41% in literature, lower than the 46.3% 
found in our cohort of HCC ≥ 5 cm.13,22,23,27 However, our 
study also included cases with multiple lesions, which are 
known to have higher rate of early disease relapse.30 Patients 
experiencing early recurrence have more aggressive baseline 
morpho-pathologic features compared with cases with no or 
late recurrence as well as worse survival rates. This is in line 
with data reported by other authors, although LHCC stud-
ies mostly come from Eastern populations.11,12 Similarly to 
other series,25 patients with early relapse in our cohort carry 
a higher burden of disease, as demonstrated by their rate of 
extrahepatic localizations and the need to make more use 
of palliative treatments. Furthermore, timing of recurrence 
was more indicative of an aggressive disease than the site of 
recurrence itself, as demonstrated by our combined survival 
analysis. Patient and tumor features independently associ-
ated with early recurrence have been extensively investigated 
in literature. Micro- and macrovascular invasion, satellites 
nodules, tumor margin, and tumor grading are variables that 
are normally associated with premature disease relapse in 
the largest series for resected HCC.12,13,25,27,31 In LHCC, 
these independent predictors are less explored and to our 
knowledge our study represents the largest cohort reporting 
this type of analysis. Apart from the well-known satellite 
nodules and microvascular invasion, already seen in small 
HCC and obtained only after pathological sampling, older 
age, MI approach, and minor hepatectomies have been found 
as independent protective factors of early recurrence. Age 
and extension of hepatectomy can be easily correlated with 
worse survival rates, because of tumors biology and aggres-
siveness. More difficult to support is the real benefit of the 
MI approach found significative at multivariate analysis. 
Although only experienced laparoscopic centers took part in 
this study and the non-inferiority of laparoscopy was already 
reported in literature for LHCC,32 our aim was not focused 
on this topic, and further investigations are needed to con-
firm these data. Tumor size and presence of multiple nodules 
(BCLC-B), already known to be not directly associated with 
DFS and OS in resected LHCC,10,11,33 were confirmed not to 
be even independently related to the risk of early recurrence.

Another aim of the analysis was the assessment of the 
risk of extrahepatic recurrence in these patients, significantly 
affecting treatment possibilities.34,35 However, as reported in 
other studies, extrahepatic spread itself is not always associ-
ated with worse outcomes compared with those with intra-
hepatic recurrence, and other factors have to be considered 

before drawing precise conclusions.13,36 Firstly, patients with 
EER show worse survival rates compared with cases expe-
riencing LER, as timing of recurrence represents a stronger 
predictor than site of recurrence alone.13,37,38 Our results 
corroborate these findings, with EER cases presenting sig-
nificantly shorter OS compared with extrahepatic spread 
after 2 years. As EER and EIR had similar outcomes, no 
specific analysis was done to assess the risk of a prema-
ture extrahepatic relapse. Secondly, extrahepatic recurrence 
includes a heterogeneous spectrum of disease presentation, 
as multi-metastatic cases or patients with a unique pulmo-
nary or adrenal localization could benefit from ablative local 
therapy. Analyzing cases with simultaneous extrahepatic and 
intrahepatic recurrence separately represents a first simple 
solution to this type of bias. Indeed, patients developing this 
multi-metastatic relapse in our cohort have significantly 
worse survival rates compared with cases with intrahepatic-
only or extrahepatic-only recurrence. Similar results were 
already reported for LHCC by Xiang et al.,11 although this 
study was based on an Eastern cohort and the group of intra/
extrahepatic recurrence was slightly smaller. As for timing 
of recurrence, independent predictors associated with this 
adverse pattern were assessed. Different authors reported 
risk factors for extrahepatic recurrence for both small and 
large HCC, but no studies to our knowledge reported these 
results for simultaneous intra- and extrahepatic relapse after 
curative resection, especially in LHCC.11,34–37,39 Apart from 
age, microvascular invasion, and satellite nodules already 
associated with the risk of early recurrence, we found that 
preoperatively performing a TACE increases the possibility 
of developing simultaneous intra- and extrahepatic recur-
rence. The absence of oncologic benefit of this procedure 
before hepatic resection for LHCC has already been demon-
strated in literature,40,41 but the few studies assessing similar 
outcomes in terms of site of recurrence did not confirm this 
association between TACE and extrahepatic relapse.42,43 
This could be probably related to a loss of time when a pre-
operative TACE is indicated, delaying surgical resection. 
Due to the nature of our study, with a multicentric cohort 
and no homogeneity on the indication for TACE, clear rec-
ommendations cannot be made, although these data further 
discourage the systematic use of this option before SR for 
LHCC.

Some limitations have to be reported. Data collection was 
guided by strict criteria to make the cohort as homogenous 
as possible, but the multicentric and retrospective nature of 
the study was a source of some potential confounding fac-
tors. For instance, data on presence of macrovascular inva-
sion was not always possible to obtain, probably because 
of tumor dimension. Furthermore, some specific indica-
tions, such as the type of approach for hepatic resection or 
whether to perform preoperative PVE or TACE, are entirely 
dependent on the preferences and expertise of the surgeon 



6322	 F. Giannone et al.

or the recommendations of each canter’s multidisciplinary 
board. Although cases with main portal vein/portal conflu-
ence infiltration were excluded, cases with invasion of portal 
branches, even if second order, are classified as advanced 
stage according to the BCLC classification and show worse 
outcomes. Similarly, indication of specific procedures or 
approaches, such as TACE or minimal invasiveness, which 
were found to be significant in the analysis, depend on center 
and surgeon’s attitude. Finally, although 2-year cutoff is gen-
erally used to define early recurrence, some authors reported 
other thresholds, such as 1 year or 8 months,12,44 which were 
not investigated in our cohort.
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