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Purpose: The patterns and risk factors of postsurgical recurrence of patient with hepatocellular carcinoma (HCC) with microvascular
invasion (MVI) are not clarified. This study aimed to decipher and compare the postoperative recurrent patterns and the risk factors
contributing to recurrence between MVI positive (MVI™) and MVI negative (MVI?) HCC after hepatectomy.

Patients and methods: Patients with HCC who underwent hepatectomy in three Chinese academic hospitals between January 1,
2009, and December 31, 2018, were enrolled. Recurrent patterns included early (<2 years) or late (>2 years) recurrence, recurrent sites
and number, and risk factors of recurrence were compared between the MVI®Pand MVI® groups by propensity score-matching
(PSM).

Results: Of 1756 patients included, 581 (33.1%) were MVI®, and 875 (49.8%) patients developed early recurrence. Compared with
the MVI® group, the MVI®? group had a higher 2-year recurrence rate in the PSM cohort (hazard ratio [HR], 1.82; 95% confidence
interval [CI], 1.59-2.10; P < 0.001), and more patients with multiple tumor recurrence. Patients with early recurrence in the MVI®?
group had a worse overall survival (OS) than those in the MVI® group (HR, 1.24; 95% CI, 1.02-1.50; P = 0.034). Resection margin
(RM) <1.0 cm is a surgical predictor of early recurrence for the MVI®” group (HR, 0.68; 95% CI, 0.54-0.87; P = 0.002), but not for
the MVI® group.

Conclusion: Compared to MVI® HCC, MVI® HCC tends to be early, multiple recurrence and lung and lymph node metastasis after
resection. RM <1.0 cm is a surgical risk factor of early recurrence for patient with MVI.
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Introduction
Hepatocellular carcinoma (HCC) is one of the most common cancers worldwide. It is the second leading cancer-related
death in China." Liver resection is the potential curative treatment for HCC with good liver function reserve. As the
refinement of surgical technique and improvement of pre-operative evaluation, the postsurgical morbidity and mortality
of HCC have been substantially improved.”> However, the recurrent rate remains high after resection. The 5-year
recurrent rate ranged from 57.7 to 70% even for patients with early HCC.*©

Microvascular invasion (MVI), defined as tumor cells in the lumen covered by epithelial cells, is a malignant feature
of HCC.” The incidence of MVI in resected HCC specimens ranged from 15 to 57.1%.% In the past 10 years, increasing
evidence showed that MV is a pivotal risk pathologic trait contributing to tumor recurrence after resection of HCC.”
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However, these previous reports mainly focused on the risk of recurrence of MVI, the patterns and risk factors of
recurrence after liver resection for HCC with MVI (MVI®? HCC), and whether they are different from MVI® HCC are
not clarified.

In the present study, we aimed to decipher and compare the postoperative recurrent patterns and the risk factors
contributing to recurrence between MVI®” HCC and MVI®) HCC after liver resection based on a multicenter HCC database.

Methods

Patient’s Cohort
Consecutive patients with HCC who underwent initially liver resection with curative intent at three Chinese academic
hospitals: the First Affiliated Hospital of Sun Yat-sen University (January 1, 2009 —December 31, 2018), the Cancer
Center of Sun Yat-sen University (January 1, 2010-December, 2014) and the Hunan Provincial People’s Hospital
(January 1, 2010-December 31, 2016) were collected retrospectively. Only patients with Barcelona Clinic Liver
Cancer (BCLC) stage 0/A-B HCC were eligible for this study, and all patients were fully evaluated for surgical safety
before surgery. The exclusion criteria were as follows: (1) Patients with macroscopic portal vein or hepatic vein tumor
thrombus; (2) Patients died within 30 days after operation; (3) Patients with microscopic positive resection margin (RM);
(4) HCC combined with intrahepatic cholangiocarcinoma; (5) Patients had no MVI description on pathological report; (6)
Patients whose recurrent information was absent. (7) Patients with any preoperative anticancer treatments.

This study was conducted in accordance with the Declaration of Helsinki and approved by the Ethic Committee of the
three hospitals (approval number: 2021-533). Written informed consent was obtained from adult patients and from
parents or legal guardians of patients under 18 years of age. This study was censored on June 28, 2020.

Clinicopathologic Data
Baseline variables were evaluated based on patient-, tumor- and surgery-related factors. Patient-related factors included
age, sex, hepatitis B virus antigen (HBsAg), presence of cirrhosis, albumin to bilirubin (ALBI) grade,'® preoperative
hemoglobin level, platelet count, alanine aminotransferase (ALT), neutrophil-to-lymphocyte ratio (NLR). NLR was
obtained by neutrophil count divided by lymphocyte count. The cut-off value of NLR was determined by the Youden
index calculated by the receiver operating characteristic (ROC) curve. Cirrhosis was confirmed by postoperative
pathology. Tumor factors included tumor size, number, tumor capsule, tumor differentiation (histological grade),
preoperative serum alpha fetoprotein (AFP), and presence of MVI. The histological grade of the tumor was assigned
according to the Edmondson—Steiner grading system.'> MVI was defined as tumor cells in the lumen covered by
epithelial cells. It was confirmed by two senior pathologists. Surgical factors included type of resection (anatomical vs
non-anatomical), intraoperative blood loss, blood transfusion and width of RM. Anatomical resection (AR) referred to
resection of the tumor-involved segment/section, together with its portal pedicle branch. Non-anatomical resection
(NAR) was defined as tumor resection with a negative tumor margin regardless of segment or section anatomy.'® RM
referred to the nearest distance from the tumor boundary to the resection plain. For patients with multiple tumors, the
shortest distance from main tumor or daughter nodules to the resection plain was adopted. RM was classified into two
categories: RM > 1cm and RM < lem, which was in accordance with previous reports.'”'* Blood transfusion referred to
the transfusion of packed red blood cells during excessive intraoperative bleeding or postoperative bleeding complica-
tions. Transfusions of platelets, fresh-frozen plasma, and albumin were not included. Preoperative HCC staging was
based on the BCLC staging classification.*

Risk factors of recurrence were evaluated among these patient-, tumor- and surgery-related variables. Early recurrence

referred to tumor recurrence within 2 years after operation, whereas late recurrence defined tumor recurrence after 2 years.?'**

Postoperative Follow-Up

Patients after operation were followed up every 1-2 months for the first 6 months, and every 3 months thereafter in each
hospital. AFP levels and liver biochemistry were assessed, and ultrasonography was carried out in the outpatient clinic.
Chest and abdominal contrast-enhanced CT were performed every 6 months. If ultrasound or CT examination revealed
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a new lesion and the AFP level was raised, recurrence was considered. If ultrasonography showed a new lesion but the
AFP level was normal, contrast-enhanced ultrasonography and CT or MRI were performed. If two enhanced imaging
findings indicated HCC, it was defined as a recurrence. Extrahepatic metastasis was diagnosed by contrast-enhanced CT
or MRI or combining with AFP. Ultrasound or CT guided biopsy was performed if necessary. Recurrent HCC was treated
by radiofrequency ablation (RFA), repeated liver resection, transcatheter arterial chemoembolization (TACE) alone or
combined with sorafenib or sorafenib alone, and supportive care according to the location and number of tumors, and the
patient’s liver function after fully discussing with patients and their families.

Statistical Analysis

Propensity score-matching (PSM) analysis was used to reduce potential confounding and the effect of selection bias by
equating the two groups based on the following 18 variables: age, sex, tumor size, tumor number, cirrhosis, resection
margin, type of resection, blood loss, transfusion, tumor capsule, differentiation, platelet, hemoglobin, HBsAg, AFP,
ALT, NLR, ALBI grade. For propensity score matching, a nearest-neighbor 2:1 matching scheme with a caliper size of
0.2 was used (Supplementary Figure 1). HCC recurrence and overall survival (OS) were compared between the two

groups in a propensity score-matched cohort using a Log rank test.

The Mann-Whitney U-test or student ¢ test was used to compare continuous data between groups and the 3> test or
Fisher's exact test for discrete data. Cumulative recurrence rate and OS rate were calculated by the Kaplan—Meier
method. Cox proportional hazard model was used to identify risk factors associated with early and late recurrence.
Variables with P values less than 0.1 on univariate analysis were selected for the multivariable analyses using a forward
stepwise method. The statistical analyses were performed using the Statistical Package for the Social Science (SPSS)
software (version 22.0, SPSS Inc., Chicago, IL, USA) for Windows and R software for Windows (version 3.6.4; http://
www.r-project.org). P value <0.05 was considered significant difference.

Results

Demographic and Clinicopathological Data of the Cohort

A total of 2663 patients underwent liver resection for HCC in this study period. Of these, 1756 patients were included
(Figure 1). Most patients (81.3%) were HBsAg positive, and 71.4% were with cirrhosis. A total of 1446 (82.3%) patients
were BCLC 0-A stage. There were 581 (33.1%) patients with MV, and they were allocated to the MVI™" group, others
1175 (66.9%) patients without MVI, and they were allocated to the MVI® group. For patients in the entire cohort, the
MVI®™ group contained more younger patients (P = 0.022); more patients with liver functions of ALBI grade 2 and 3
(P < 0.001); larger tumor (P < 0.001); higher preoperative AFP level (P < 0.001); incomplete tumor capsule (P < 0.001);
poor tumor cell differentiation (P < 0.001); higher NLR (P < 0.001); and more patients needed blood transfusion (P <
0.001) compared with the MVI®) group. Propensity score—matching (2:1 matching) analysis generated two new cohorts
of 778 and 528 patients in the MVI®) and MVI” groups, respectively, and the characteristics of the two groups were
balanced, with the standardized mean difference less than 10% for all baseline variables (Supplementary Figure 2). The

baseline clinicopathological data of patients in the entire cohort and in the matched cohort were shown in Table 1.

Early and Late Recurrence in the MVI®) Group and MVI® Group

During a median follow-up of 32.4 months, 875 (49.8%) patients developed early recurrence, 384 (66.1%, [384/581]) patients in
the MVI®™ group, and 491 (41.8%, [491/1175]) in the MVI® group (P < 0.001). There were 150 (39.1%, [150/384]) patients
recurred within 3 months after surgery in the MVI® group, which were 1.7-fold higher than those in the MVI® group (P <
0.001) (Supplementary Figure 3). The cumulative 2-year recurrence rate of patients with MVI was markedly higher than those
without MVI both in the entire cohort (Figure 2A, hazard ratio [HR], 1.96; 95% confidence interval [CI], 1.73-2.22; P <0.001)
and in the PSM cohort (Figure 2B, HR, 1.82; 95% CI, 1.59-2.10; P <0.001). Of 687 patients with follow-up period longer than
2 years and without early recurrence in the entire cohort, 144 patients were in the MVI®” group and 543 in the MVI® group. Out
of 687 patients, 176 (25.6%) patients suffered from late recurrence, 40 (27.8%, [40/144]) patients in the MVI® group and 136
(25.0%, [136/543]) in the MVI® group (P = 0.504). The cumulative 5-year recurrence rates were comparable between patients

Journal of Hepatocellular Carcinoma 2024:1 | htps: 803
Dove!


https://www.dovepress.com/get_supplementary_file.php?f=438850.docx
http://www.r-project.org
http://www.r-project.org
https://www.dovepress.com/get_supplementary_file.php?f=438850.docx
https://www.dovepress.com/get_supplementary_file.php?f=438850.docx
https://www.dovepress.com
https://www.dovepress.com

Yu et al Dove

Patients with hepatocellular carcinoma (HCC) undergoing liver
resection from three tertiary hospitals between 2009 and 2018 in China
(n=2663)

672 patients were excluded

,| Patients with portal vein or hepatic vein tumor thrombus (n = 599)
Rresection margin positive (n = 31)

HCC combined with intrahepatic cholangiocarcinoma (n = 42)

V

Patients with BCLC 0-A/B stage HCC who were treated with curative
resection (n=1991)

235 patients were excluded
Patients died within 30 days after operation (n = 6)
No MVI description on pathological report (n = 101)
Patients whose recurrent information was absent (n = 128)

1756 eligible patients analysed

l l

MVI®*) HCC group MVIC) HCC group
(n=581) (n=1175)

Figure | Flow chart of patient selection.

with MVI and those without M VI in the subset of patients without early recurrence both in the entire cohort (Figure 2C, HR,
1.35; 95% CI, 0.95-1.92; P = 0.096) and in the PSM cohort (Figure 2D, HR, 1.37; 95% CI, 0.93-2.02; P = 0.114).

Site and Number of Recurrent Tumors at Early and Late Recurrence
Of the 875 patients with early recurrence, 621 (71.0%) were only liver remnant recurrence, 94 (10.7%) were only
extrahepatic metastasis, and 160 (18.3%) were both intrahepatic and extrahepatic recurrence. The recurrent sites in terms
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Table | Baseline Characteristics of Patients with Hepatocellular Carcinoma (HCC) in Microvascular Invasion (MVI) Positive and
Negative Groups

Characteristics Entire cohort Propensity score-matched
cohort (2:1 ratio)
MVI® group MVI® group P value MVI® group MVI® group P value
(n=1175) (n=581) (n=778) (n=528)
Age*, years 52.0 [16-86] 50.0 [15-88] 0.022 51.0 [16-85] 50.0 [15-88] 0.488-
Sex male, n (%) 1012 (86.1) 519 (89.3) 0.073 688 (88.4) 469 (88.8) 0.826
HBsAg positive, n (%) 949 (80.8) 479 (82.4) 0.396 634 (81.5) 434 (82.2) 0.746
Cirrhosis yes, n (%) 835 (71.1) 419 (72.1) 0.646 552 (71.0) 377 (71.4) 0.860
ALT*, U/L 36.5 [6.8-280.2] 37.0 [7.5-305.3] 0.328 36.8 [8.0-280.2] 37.0 [7.5-305.3] 0.645
CRE¥*, pmol/L 71.2[32.0-127.3] 71.6[32.5-145.8] 0.306 71.2[32.0-127.3] 70.3[31.5-140.0] 0.712
Hemoglobin*, g/dL 14.0 [10.0-19.6] 13.9 [9.8-19.1] 0.317 14.0 [10.0-19.6] 14.0 [10.2-19.1] 0.957
Platelet*, 10°/L 179 [65—468] 197 [77-565] <0.001 186 [65-468] 191 [77-565] 0.308
NLR* 1.83 [0.2-7.9] 2.11 [0.1-8.6] 0.037 1.91 [0.2-7.9] 2.01 [0.1-8.1] 0.469
Blood loss *, mL 300[100-1500] 300[100-1800] <0.001 300[100-1500] 300[100-1800] 0.130
Tumor size *, cm 6.0 [1.0-22.0] 7.4 [1.0-23.0] <0.001 6.8 [1.0-22.0] 7.0 [1.0-22.0] 0.170
Tumor number, n (%) 0.374 0.241
Solitary 965 (82.1) 467 (80.3) 646 (83.0) 425 (80.5)
multiple 210 (17.9) 114 (19.7) 132 (17.0) 103 (19.5)
Tumor capsule, n (%) <0.001 0.375
Complete 899 (76.5) 348 (59.9) 518 (66.6) 339 (64.2)
Incomplete 276 (23.5) 233 (40.1) 260 (33.4) 189 (35.7)
ALBI grade, n (%) <0.001 0.223
Grade | 762 (64.9) 297 (51.1) 455 (58.5) 286 (54.2)
Grade 2 411 (35.0) 284 (48.9) 321 (41.3) 239 (45.3)
Grade 3 2 (0.1) 9 (1.5) 2(0.2) 3 (0.5)
AFP, n (%) <0.001 0.423
<400 pg /L 810 (68.9) 286 (54.2) 433 (55.7) 282 (53.4)
>400 pg /L 365 (31.1) 242 (45.8) 345 (44.3) 246 (46.6)
BCLC stage, n (%) 0.323 0.255
0-A 975 (83.0) 471 (81.2) 651 (83.7) 429 (81.3)
B 200 (17.0) 110 (18.9) 127 (16.3) 99 (18.7)
Type of resection, n (%) <0.001 0.403
Anatomic 396 (33.7) 262 (45.1) 312 (40.1) 224 (42.4)
Non-anatomic 779 (66.3) 319 (54.9) 466 (59.9) 304 (57.6)
Resection margin, n (%) 0.713 0.807
<1.0 cm 805 (68.5) 393 (67.6) 521 (67.0) 357 (67.6)
>1.0 cm 370 (31.5) 188 (32.4) 257 (33.0) 171 (32.4)
Blood transfusion, n (%) <0.001 0.282
No 968 (82.3) 429 (73.8) 612 (78.6) 402 (76.1)
Yes 207 (17.7) 152 (26.2) 166 (21.4) 126 (23.9)
Differentiation, n (%) <0.001 0.240
I-1l 1059 (90.1) 444 (76.4) 137 (23.6) 653 (83.9) 430 (81.4)
n-1v 116 (9.9) 125 (16.1) 98 (18.6)

Notes: Data are n (%) and ranges. *Presented as median and ranges.
Abbreviations: HBsAg, hepatitis B surface antigen; ALT, alanine aminotransferase; CRE, creatinine; NLR, neutrophil to lymphocyte ratio; ALBI, albumin-bilirubin; AFP, alpha-
fetoprotein; BCLC, Barcelona Clinic Liver Cancer;
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Figure 2 Cumulative recurrence curves of hepatocellular carcinoma (HCC) patients with or without microvascular invasion (MVI). The cumulative 2-year recurrence rate of
patients with and without MVI in the entire cohort (Figure 2A) and in the propensity score-matched cohort (Figure 2B), and the cumulative 5-year recurrence rates of
patients with late recurrence in the entire cohort (Figure 2C) and in the propensity score-matched cohort (Figure 2D).

of intrahepatic, extrahepatic and both intrahepatic and extrahepatic recurrence between the MVI®” group and MVI®
group were no difference (P = 0.097). A total of 308 (35.2%) patients were solitary recurrence, the proportion of patients
with solitary recurrent tumor was lower (30.2% vs 39.4%), but multiple recurrent foci (>3) was markedly higher (53.4%
vs 38.5%, P < 0.001) in the MVI® group than in the MVI® group (Table 2).

Of 176 patients developed late recurrence, the occurrence rate of intrahepatic, extrahepatic and both intrahepatic and
extrahepatic recurrence of patients with MVI and without MVI were also no difference (P = 0.504). A total of 104
(59.1%) patients whose late recurrent tumor were solitary. The proportion of patients with multiple recurrent foci (>3)
was low and comparable between patients with MVI and those without MVI (17.5% vs 20.5%, P = 0.684) (Table 2).

A total of 149 (8.5%), 67 (3.8%), and 49 (2.8%) patients developed lung, peritoneal organs (peritoneum, omentum,
adrenal grand) and regional lymph node metastasis in the entire cohort, respectively. Lung and regional lymph node
metastasis was significantly higher in the MVI®" group than in the MVI® group (lung: 14.3% vs 5.6%, P < 0.001; lymph
node: 4.3% vs 2.0%, P = 0.007) (Supplementary Table 1).
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Table 2 Characteristics and Treatments of Recurrent Tumors

Variables Early Recurrence Late Recurrence
Total No. | MVI® MVIO P value | Total No. | MVI®? | MVIO P value
(n=875) (n=384) (n=491) (n=176) (n=40) (n=136)
Site of recurrence
Intrahepatic 621 (71.0) | 262 (68.2) | 359 (73.1) 0.097 124 (73.9) | 27 (67.5) | 104 (76.4) | 0.504
Extrahepatic 94 (10.7) 40 (10.4) 55 (11.2) 23 (13.1) 7 (17.5) 16 (11.8)
Both 160 (18.3) | 82 (21.6) 77 (15.7) 29 (13.0) 6 (15.0) 16 (11.8)
Total number of recurrent foci
Solitary 308 (35.2) | 116 (30.2) | 193 (39.3) <0.001 104 (59.1) | 26 (65.0) | 78 (57.4) 0.684
2-3 171 (19.5) | 63 (16.4) 109 (22.2) 37 (21.0) 7 (17.5) 30 (22.1)
>3 389 (45.3) | 205 (53.4) | 189 (38.5) 35 (19.9) 7 (17.5) 28 (20.5)
Treatment for recurrent tumor
Curative treatment 300 (34.3) | 112 (29.2) | 189 (385) £ | 0.015 99 (56.3) 22 (55.0) | 77 (56.6)§ | 0.925
Palliative treatment 398 (45.5) | 187 (48.7) | 210 (42.8) 55 (33.0) 13 (32.5) | 45 (33.1)
Supportive care 177 (20.2) | 85 (22.1) 92 (18.7) 22 (10.7) 5(12.5) 14 (10.3)

Note: Curative treatment includes repeat resection, radiofrequency ablation and salvage liver transplantation; Palliative treatment includes transcatheter arterial
chemoembolization (TACE) alone or with sorafenib or sorafenib only; tincluded | patient underwent liver transplantation. § included 2 patients underwent salvage liver
transplantation. Values in parentheses are percentage.

Impact of Early and Late Recurrence on OS in the MVI®) Group and MVIOgroup

In the subset of patients with early recurrence in the entire cohort, the proportion of patients with MVI receiving curative
treatments was lower than those without MVI (29.2% vs 38.5%, P = 0.015) (Table 2). The 5-year OS rate of patients with
MVI was significantly lower than those without MVI both in the entire cohort (Figure 3A, HR, 1.27; 95% CI, 1.07-1.52;
P =0.007) and in the PSM cohort (Figure 3B, HR, 1.24; 95% CI, 1.02-1.50; P = 0.034). In the subset of patients with late
recurrence, more patients were solitary recurrence compared to those with early recurrence. The proportion of patients
received curative treatments was comparable (55.0% vs 55.6%), thereby achieving good comparable 5-year OS rates
between patients with and without MVI both in the entire cohort (Figure 3C, HR, 1.84; 95% CI, 0.90-3.76; P = 0.091)
and in the PSM cohort (Figure 3D, HR, 1.96; 95% CI, 0.90—4.28; P = 0.087).

Risk Factors Associated with Recurrence of MVI®) HCC and MVI®) HCC

Univariate and multivariate Cox regression models were performed to investigate the risk factors contributing to

recurrence in the entire cohort (Supplementary Table 2). Multivariate Cox analysis identified that distinct risk factors

contribute to early and late recurrence. Patient factors (age > 50 years, HBsAg positive, NLR > 1.9), tumor factors (AFP
> 400 pg/L, tumor size >5.0cm, multiple tumors, poor tumor differentiation and MVI positive), and surgical factors (RM
< 1.0 cm and blood transfusion) were independent predictors of early recurrence. Male patients, cirrhosis, ALBI grade of
2 and 3, AFP > 400 ug/L, poor tumor differentiation were risk factors related to late recurrence. Among these factors,
MVI was the most potential risk factor contributing to early recurrence (HR, 1.66; 95% CI, 1.44-1.91; P < 0.001).
Cirrhosis was the key independent risk factor for late recurrence (HR, 1.97; 95% CI, 1.43-2.72; P < 0.001) (Table 3).
Subgroup univariate (Supplementary Table 3 and Table 4) and multivariate analysis (Table 3) for the MVI® group

and MVI® group showed that tumor traits (AFP, tumor size and tumor number) as the predictors of early recurrence were
the same in both groups. Among patient factors, age <50 years and cirrhosis were the independent risk factors
contributing to early recurrence in the MVI®” group; whereas age, HBsAg and NLR were the predictors of early
recurrence in the MVI®) group. As to the surgical factors, only RM <1.0cm was the risk factor of early recurrence for
patients with MVI, and blood transfusion was the only surgical risk factor for those without MVI. Cirrhosis and tumor
differentiation were the independent risk factors for late recurrence in the MVI® group. Patient-related factors (age, sex,
HBsAg, cirrhosis, ALBI grade) and AFP were the predictors for late recurrence in the MVI® group. Cirrhosis was still
the most potential risk factor for late recurrence in both MVI® group and MVI® group (Table 3).
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Figure 3 Overall survival (OS) curves of patients with early and late recurrence in the subset of patients with or without microvascular invasion. Overall survival in the
entire cohort (3A) and in the propensity score-matched cohort (3B) of patients with early recurrence, and overall survival in the entire cohort (3C) and in the propensity
score-matched cohort (3D) of patients with late recurrence.

Discussion

In this large cohort of patients with BCLC stage 0-A/B HCC, the occurrence rate of MVI was 33.1%. MVI was
a potential risk factor contributing to early recurrence, but not to late recurrence after resection, which was consistently
observed in unadjusted, propensity score-matched, multivariable and competing risk analyses.

The recurrent time mode can be classified into two distinct types: early and late recurrence. There is no consensus
regarding the time point between early and late recurrence.”*** A 2-year after resection was the predominant threshold in
clinical practice.>'** The multivariable analyses of the present study showed that tumor factors and surgical factors
independently affected recurrence within 2 years after resection, liver underlying diseases (mainly cirrhosis) are the key
risk factors of late recurrence (Table 3). This evidence supported the notion that early recurrence was caused by micro-
metastasis of the primary tumor, and late recurrence was mainly caused by a new tumor with different clone originated in
the diseased liver.”> Therefore, 2-year as the cut-off value to clinically differentiate early and late recurrence is
reasonable.

In the present study, our results showed that 875 (49.8%) patients developed early recurrence, and the 2-year
recurrence rate was 66.1% in the MVI®" group. Notably, there were 150 (39.1%) patients suffered from recurrence

within 3 months after resection in the MVI" group. All of these were significantly higher than those in the MVI® group.
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Table 3 Risk Factors Associated with Early and Late Tumor Recurrence ldentified by Cox Multivariate Analysis in the Entire
Cohort, MVI® and MVI® Subset

Variables Entire cohort (n=1756) MVI® group (n=581) MVI® group (n=1175)

HR (95% CI) P value HR (95% CI) P value HR (95% CI) P value
Early recurrence
Age (year), <50 vs >50 0.806 (0.703-0.924) 0.020 0.809 (0.661-0.991) 0.040 0.798 (0.664-0.959) 0.016
HBsAg, positive vs negative 1.229 (1.021-1.480) 0.029 NA 1.396 (1.083-1.799) 0.010
Cirrhosis, yes vs no NA 1.765 (1.253-1.982) <0.001 NA
NLR, >1.9 vs <19 1.230 (1.067-1.417) 0.004 NA 1.505 (1.250-1.811) <0.001
AFP (ug/L), >400 vs <400 1.376 (1.195-1.585) <0.001 1.422 (1.161-1.742) 0.001 1.000 (1.000-1.000) <0.001
Tumor size (cm), >5 vs <5 1.448 (1.223-1.715) <0.001 1.469 (1.124-1.919) 0.005 1.314 (1.067-1.618) 0.001
Tumor number, multiple vs solitary 1.541 (1.310-1.813) <0.001 1.222 (1.056-1.416) 0.007 1.542 (1.340-1.773) <0.001
Differentiation, IlI-IV vs I-II 1.352 (1.215-1.504) <0.001 NA NA
MVI, positive vs negative 1.655 (1.435-1.909) <0.001
Blood transfusion, yes vs no 1.307 (1.115-1.531) 0.001 NA 1.658 (1.336-2.058) <0.001
Resection margin, >lcm vs <lcm 0.816 (0.701-0.955) 0.010 0.684 (0.538-0.870) 0.002 NA
Late recurrence
AFP (ug/L), >400 vs <400 0.415 (0.279-0.618) <0.001 NA 0.350 (0.209-0.586) <0.001
Differentiation, IlI-IV vs I-II 1.644 (1.274-2.132) <0.001 1.687 (1.255-1.973) 0.041 NA
Sex, male vs female 0.517 (0.291-0.919) 0.024 NA 0.485 (0.253-0.927) 0.029
HBsAg, positive vs negative NA NA 1.940 (1.171-3.215) 0.010
Cirrhosis, yes vs no 1.970 (1.428-2.717) <0.001 2.753 (1.380-5.492) 0.004 2.014 (1.413-20,871) <0.001
ALBI grade, 2-3 vs | 1.585 (1.161-2.164) 0.004 NA 1.703 (1.184-2.449) 0.004

Notes: 1.9 was the median value of NLR in the primary cohort.
Abbreviations: HR, hazard ratio; Cl, confidence interval; NLR, neutrophil to lymphocyte ratio; HBsAg, hepatitis B surface antigen; AFP, alpha fetoprotein, MVI,
microvascular invasion; ALBI, albumin to bilirubin.

These indicated that MVI®") HCCs are prone to be early recurrence, especially the first 3-month after liver resection.
Follow-up protocol of every 3—4 months for the first year after operation recommended by the European Association for
the Study of the Liver (EASL)*® may not be suitable for patients with MVI®”? HCC, a more stringent postoperative
surveillance for early recurrence of MVI®) HCC should be considered.

Liver remnant is the most common site of HCC recurrence, accounting for 54% to 80.1% of patients with
recurrence.”>?’ 2% In the patients with early recurrence, 71.0% of recurrence involved liver only and 18.3% was both
intrahepatic and extrahepatic recurrence in this study. The occurrence of both intrahepatic and extrahepatic early
recurrence was higher in the MVI® group than in the MVI© group (21.6% vs 15.6%), but it was no statistical difference
(P = 0.097). However, the proportion of patients with early multiple recurrence (>3) was significantly higher in the
MVI® group than in the MVI® group (53.4% vs 38.5%).

In the patients with late recurrence, nearly 60% of patients whose recurrent tumors were solitary. The proportion of
patients with multiple recurrence (>3) was low and comparable between the MVI® group and the MVI® group. The
cumulative 5-year recurrence rates were also comparable between patients with MVI and those without MVI both in the
entire cohort (HR, 1.35; 95% CI, 0.95-1.92; P =0.096) and in the PSM cohort (HR, 1.37; 95% CI, 0.93-2.02; P =0.114).
The sites of recurrence and the number of patients with solitary recurrence of the two groups were similar. Of note, there
were 13.1% patients who suffered from late recurrence presenting only extrahepatic metastasis. This was different from
the study by Xu et al, in which they reported that no late recurrence patient developed only extrahepatic metastasis.*
Although Lee et al reported that primary tumor-related factors independently influenced recurrence from only 2 years
after resection,®’ we identified that poor tumor differentiation for the MVI®" group and high AFP level for the MVI®
group were the independent risk factors for late recurrence. Poor differentiated HCC cells are likely to produce AFP.*
High AFP level was significantly associated with poor cell differentiation.*® In this regard, tumor cell differentiation and
AFP level may have the same function of outcome prediction. Poor differentiated tumor cells possess cancer stem cells or
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dormancy cell properties.>* They may disseminate from the primary tumor and implant to extrahepatic organs before
resection, thereby possibly growing metastatic lesion in a favorable micro-environment months or years later.®> This
might be another source of late recurrence.

The most common extrahepatic metastatic organ after liver resection was the lung (8.5%), following by the peritoneal
organs (3.8%) and lymph node (2.8%) in the primary cohort during the follow-up. Lung metastasis was the most
common site of extrahepatic spread after liver resection.””**>” The occurrence rates of lung and lymph node metastasis

were over 2-fold higher in the MVI®) group than in MVI® group (Supplementary Table 1). This reflected the high

metastatic potential of MVI®) HCC. Regular surveillance by imaging examinations targeting both remnant liver and
extrahepatic organs is necessary.

Because more patients with early recurrence had heavy tumor burden or extrahepatic metastasis, lesser patients had
chance of curative treatment (repeated resection or RFA) for recurrent tumors in the MVI®" group compared with the
MVI® group (Table 2). This probably explains why OS of patients with MVI was worse than those without MVT in the
subgroup of patients with early recurrence in PSM cohort (Figure 3B, HR, 1.24; 95% CI, 1.02-1.50; P = 0.034). On the
contrary, in patients with late recurrence, the burden of recurrent tumor was lower, and more patients could receive
curative treatments than those with early recurrence. Therefore, the OS of patients with late recurrence was better than
those with early recurrence. The proportion of patients received curative treatment was no different, thereby achieving
good and comparable OS between the patients with MVI and those without MVI.

We further evaluated whether the risk factors related to early recurrence were different between MVI®” HCC and
MVI® HCC. Multivariate analysis showed that the patient-, tumor-related risk factors were similar between MVI®” HCC
and MVI®) HCC (Table 3). However, different surgical risk factor influenced early recurrence in these two subsets of
HCC. RM <1.0 cm was the only independent surgical predictor of early recurrence for patients with MVI, but it was not
a predictor for those without MVL. RM >1.0 cm reduced 31.6% risk of early recurrence for MVI®) HCC (HR, 0.684).

Previous studies documented that most of micro-metastasises are found within 1.0 cm, and rarely more than 2.0 cm
from the tumor.*® ** Roayaie et al reported that 87.8% (115/131) of MVI occurred in para-tumor tissue <1.0 cm from the
tumor.” Another pathologic study on 125 HCC specimens revealed that the median farthest distance of MVI was 3.5 mm
from the tumor, and 81.6% of MVI were found within 1.0 cm from the main tumor.*' Therefore, an RM >1.0 cm could
decrease recurrence for MVI®) HCC by eradicating the majority of micro-metastasises or MVI. Since the patient- and
tumor-related risk factors could not be altered at diagnosis, an RM >1.0 cm is preferred to reduce early recurrence if it is
technically feasible and the liver remnant is sufficient for MVI®” HCC.

The present study possesses two major limitations. First, it is a retrospective study, patients selection bias existed,
although it consisted of multicenter large number of patients, but we tried to minimize such limitation by PSM. Second,
most patients with HCC recruited in this study are HBV-related, whether the results can be recommended to patient with
other etiologies remains to be determined.

Conclusion

In summary, we have deciphered and compared the post-resection recurrent pattern between MVI®) HCC and MVI®
HCC. MVI®” HCC tends to be early recurrence with multiple foci, and lung and regional lymph node metastasis after
liver resection. A stringent surveillance for early recurrence is recommended. MVI is the most potential risk factor
contributing to early recurrence, and cirrhosis is a key risk factor of late recurrence. Patient- and tumor-related risk
factors of early recurrence are similar in patient with MVI and those without MVI. However, RM <1.0 cm is a critical
surgical predictor of early recurrence only for patients with MVI. An RM >1.0 cm should be performed for HCC with
high risk of MVI when it is technically feasible and safe.
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