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Purpose: This study aims to compare long-term oncological outcomes after curative hepatectomy in patients with solitary large
versus giant HCC.

Patients and Methods: This dual-center study included 281 patients with solitary HCC >5 cm undergoing R0 hepatectomy, stratified
into large (5-10 cm) and giant (=10 cm) cohorts. 1:1 PSM matched potential confounding variables. Primary endpoint was recurrence-
free survival (RFS), analyzed through Kaplan-Meier methods with Log rank testing.

Results: At baseline, giant HCC (n=90) patients exhibited significantly higher rates of AFP >200 ng/mL, major hepatectomy, and
intraoperative transfusion compared to large HCC (n=191) cohort. After PSM, 82 patients were allocated to each group, with all
baseline characteristics well-balanced. The RFS analysis revealed comparable outcomes between large and giant HCC groups: pre-
PSM median RFS, 29.6 vs 26.5 months (HR 0.864, 95% CI 0.615-1.214, P=0.398); post-PSM median RFS, 21.1 vs 26.5 months (HR
1.128, 95% CI 0.756-1.681, P=0.555). Median overall survival (OS) was not reached in either group.

Conclusion: Patients with solitary giant HCC amenable to upfront curative hepatectomy achieved similar RFS compared to large
HCC after surgery, tumor biological characteristics (AFP levels and MVI status) are the primary determinants of postoperative
prognosis in HCC patients.
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Introduction

Hepatocellular carcinoma (HCC) represents one of the most prevalent malignancies worldwide, accounting for over 90% of
primary liver cancer cases and ranking as the third leading cause of cancer-related mortality worldwide.' Current management
guidelines uniformly recognize curative hepatectomy as the cornerstone of curative treatment for solitary HCC, regardless of
tumor size, as long as the tumor is resectable.” However, even early-stage patients face 5-year recurrence rates around 70%
following RO resection, contributing to persistently poor long-term prognosis after hepatectomy.”

Tumor size is a critical determinant for both therapeutic decisions and prognostic stratification in solitary HCC. The
Barcelona Clinic Liver Cancer (BCLC) staging system uses a 2-cm threshold to differentiate stage 0 (very early) from
stage A (early) disease,” while the China Liver Cancer (CNLC) staging system further stratifies solitary HCC into stage
Ia (<5 cm) and Ib (>5 cm).’ Extensive research demonstrates an inverse correlation between tumor size and postoperative
survival, with patients undergoing curative hepatectomy for larger tumors (typically >5 cm) experiencing poorer long-
term outcomes than those with smaller HCCs.®” On the other hand, microvascular invasion (MVI) has been extensively
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validated as the most reliable predictor for early postoperative recurrence of HCC.*? Tumor size is strongly associated
with microvascular invasion and represents an important preoperative indicator for predicting MVL' This further
indicates that tumor size serves as a significant prognostic factor for HCC following surgical resection.

Owing to its insidious progression, HCC is frequently diagnosed at advanced stages, with many patients presenting
with tumors >5 cm at initial detection.'’'? Although modern surgical advances and optimized perioperative care have
expanded resection feasibility for giant HCCs (>10 c¢cm), comprehensive data on long-term oncological outcomes in this
subgroup remain limited."> A meta-analysis evaluating the prognosis after surgical resection for giant HCC (>10 cm)
concluded that despite the procedure’s feasibility and safety, patients face poorer long-term survival than those with sub-
10 cm tumors.'* Given the high recurrence rate after resection for giant HCC, some clinicians advocate that surgical
resection should not be the first-line treatment and that preoperative neoadjuvant strategies such as TACE or systemic
therapy may improve long-term outcomes.'>"'® Thus, additional studies examining the long-term outcomes of surgical
intervention for giant HCC are warranted.

In this study, large HCC (=5 cm, at high risk of recurrence) was further subclassified into large HCC and giant HCC
groups using a 10-cm cutoff. Long-term postoperative survival was compared between the two groups to determine
whether giant tumors further enhance HCC malignancy, impair surgical outcomes, and worsen patient prognosis, thereby
providing clinical evidence to guide optimal treatment selection for this patient population.

Patients and Methods
Study Population and Data Collection

We conducted a dual-center retrospective cohort study analyzing consecutive patients who underwent curative-intent
hepatectomy for HCC between January 2019 and December 2022. Inclusion criteria: (1) aged 18-85 years with
treatment-naive HCCs (no prior systemic therapy, transarterial chemoembolization, or ablation). (2) ECOG performance
status 0—1 and Child-Pugh class A, with preserved cardiopulmonary, lung and renal function on preoperative evaluation.
(3) with no radiological evidence of vascular invasion or extrahepatic tumors before surgery. (4) RO resection achieved
(microscopically negative margins, no macroscopic vascular or biliary thrombi). (5) postoperative pathologic confirma-
tion of solitary HCC > 5c¢m. (6) Complete clinical datasets were available, and patients were actively followed up with
full access to their outcome information. Exclusion criteria: (1) had received any antitumor therapy prior to surgery or
recurrent tumor after initial resection. (2) not HCC or tumor size < 5 cm. (3) Major postoperative complications (Clavien-
Dindo grade >III) or 90-day postoperative mortality. (4) Had incomplete medical records or lost to follow-up (Figure 1).

Patients were stratified into two cohorts based on maximal tumor diameter: large HCC group (LH, 5-10 cm) and giant
HCC group (GH, >10 cm).

Surgical Procedure and Definition
All patients underwent standardized preoperative assessment to confirm surgical candidacy. Absolute contraindications
(including extrahepatic metastasis, unresectable vascular invasion, or inadequate future liver remnant) were system-
atically excluded. Following detailed patient counseling, written informed consent was obtained for either laparoscopic
or open hepatectomy approaches. Curative-intent resection was performed by fellowship-trained hepatobiliary surgeons
(minimum 5 years of subspecialty experience). The specific surgical approach (laparoscopic or open), surgical margin,
and extent of hepatectomy were determined comprehensively by the surgical team based on preoperative imaging, tumor
location and size, severity of liver cirrhosis, and intraoperative findings. All patients received standard perioperative care
including liver protection, choleresis, and nutritional support. No major postoperative complications (Clavien—Dindo
grade > III) occurred in any included patients. All patients were discharged after postoperative examinations confirmed
normal inflammatory markers, liver and renal function, coagulation tests, and unremarkable abdominal CT findings,
followed by successful removal of abdominal drainage tubes.

Major liver resection was defined as the removal of >4 Couinaud’s segments'’ and was considered if the remaining
liver function was expected to be sufficient, as evaluated by three-phase-enhanced computed tomography (CT).
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[ Enrolled HCC patients who underwent hepatectomy in two centers (n=1630)}
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Figure | Flowchart of this study.

Outcome Endpoints and Follow Up

All clinical data were prospectively collected, with follow-up performed through regular outpatient visits and telephone
contacts until tumor recurrence or last contact. Follow-up assessments systematically recorded recurrence status, time to
recurrence, recurrence patterns, and survival outcomes. The primary endpoint was recurrence-free survival (RFS),
defined as the interval from radical surgery to radiologically confirmed HCC recurrence. Secondary endpoints included
overall survival (OS) and extrahepatic recurrence rate (ERR). Tumor recurrence was strictly diagnosed when recurrent
lesions were verified by at least one of the following imaging modalities: contrast-enhanced ultrasound, contrast-
enhanced CT, or contrast-enhanced MRI. All enrolled patients were followed until either an endpoint event occurred

or a minimum follow-up duration of 24 months was achieved.

Statistical Analysis
Statistical analyses were performed using SPSS version 26.0 and the R software environment (version 4.1.1; available at

https://www.r-project.org/). All baseline characteristics potentially associated with early recurrence, including age, sex,

BMI, albumin level, HBsAg status, AFP level, liver cirrhosis, Pringle maneuver application, intraoperative transfusion,
tumor differentiation grade, and microvascular invasion (MVI), were systematically compared between the 5-10 cm and
>10 cm groups. To minimize selection bias, we performed 1:1 propensity score matching (PSM) with a caliper width of
0.02 to balance these variables between the two groups. Categorical variables were analyzed using chi-square tests.
Survival outcomes were evaluated using the Kaplan-Meier method with between-group comparisons performed via Log
rank tests. All potential prognostic factors for recurrence-free survival (RFS) were incorporated into Cox proportional
hazards regression models. Variables demonstrating a P value <0.1 in univariate analysis were subsequently included in
multivariate analysis to calculate adjusted hazard ratios (HRs) with corresponding 95% confidence intervals (ClIs).
A two-sided P value <0.05 was considered statistically significant for all analyses.
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Results

Patients and Baseline Characteristics

Between January 2019 and December 2022, 281 consecutive HCC patients meeting the study criteria were enrolled,
consisting of 234 males (83.3%) and 47 females (16.7%), with a median age of 57 years (range: 22—83 years). The cohort
included 191 patients with 5-10 cm HCC and 90 patients with >10 cm HCC. Propensity score matching yielded 82 well-
balanced pairs from each group for comparative analysis. Prior to matching, the >10 cm group demonstrated significantly
higher rates of AFP >200 ng/mL, major hepatectomy, and intraoperative transfusion compared to the 5-10 cm group (all
P<0.05). Following PSM, all baseline characteristics showed comparable distributions between groups (all P>0.05),
confirming effective matching.(Table 1).

Table | Baseline Demographic and Disease Characteristics Before and After PSM

Patients Before PSM After PSM
5-10 cm (n=191) | 210 cm (n=90) P value 5-10 cm (n=82) | =210 cm (n=82) P value

Age (years), n (%) 0.633 0.604
<65 141 (73.8) 64 (71.1) 60 (73.2) 57 (69.5)
265 50 (26.2) 26 (28.9) 22 (26.8) 25 (30.5)

Sex, n (%) 0.296 1.000
Male 156 (81.7) 78 (86.7) 71 (86.6) 71 (86.6)
Female 35 (18.3) 12 (13.3) I (13.4) I (13.4)

BMI = 24, n (%) 0.191 0.749
Yes 88 (46.1) 34 (37.8) 33 (40.2) 31 (37.8)
No 103 (53.9) 56 (62.2) 49 (59.8) 51 (62.2)

HBsAg (+), n (%) 0.211 0.297
Yes 135 (70.7) 70 (77.8) 56 (68.3) 62 (75.6)
No 56 (23.3) 20 (22.2) 26 (31.7) 20 (24.4)

Albumin = 40 g/L, n (%) 0.190 0.349
Yes 103 (53.9) 41 (45.6) 45 (54.9) 39 (47.6)
No 88 (46.1) 49 (54.4) 37 (45.1) 43 (52.4)

AFP 2 200 ng/mL, n (%) 0.004 0.529
Yes 75 (39.3) 52 (57.8) 48 (58.5) 44 (53.7)
No 116 (60.7) 38 (42.2) 34 (41.5) 38 (46.3)

Liver cirrhosis, n (%) 0.890 0.620
Yes 130 (68.1) 62 (68.9) 53 (64.6) 56 (68.3)
No 61 (31.9) 28 (31.1) 29 (35.4) 26 (31.7)

Major resection, n (%) <0.001 0.861
Yes 28 (14.7) 32 (35.6) 22 (26.8) 23 (28.0)
No 163 (85.3) 58 (64.4) 60 (73.2) 59 (72.0)

Intraoperative transfusion, n (%) <0.001 1.000
Yes 54 (28.2) 31 (344) 27 (32.9) 27 (32.9)
No 137 (71.7) 59 (65.6) 55 (67.1) 55 (67.1)

Pringle maneuver, n (%) 0.305 0.623
Yes 113 (59.1) 59 (65.6) 55 (67.1) 52 (63.4)
No 78 (40.9) 31 (34.4) 27 (32.9) 30 (36.6)

Poor differentiation, n (%) 0.281 0.526
Yes 72 (37.7) 40 (44.4) 36 (43.9) 32 (39.0)
No 119 (62.3) 50 (55.6) 46 (56.1) 50 (61.0)

MVI (+), n (%) 0.234 0.871
Yes 111 (58.1) 59 (65.6) 53 (64.6) 52 (63.4)
No 80 (41.9) 31 (34.4) 29 (35.4) 30 (36.6)

(Continued)
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Table | (Continued).

Patients Before PSM After PSM
5-10 cm (n=191) | 210 cm (n=90) P value 5-10 cm (n=82) | =210 cm (n=82) P value
2-year recurrence free, n (%) 0.886 0.159
Yes 93 (48.7) 43 (47.8) 48 (58.5) 39 (47.6)
No 98 (51.3) 47 (52.2) 34 (41.5) 43 (52.4)
Extrahepatic recurrence, n (%) 0.508 1.000
Yes 42 (22.0) 23 (25.6) 19 (23.2) 19 (23.2)
No 149 (78.0) 67 (74.4) 63 (76.8) 63 (76.8)

Abbreviations: BMI, body mass index; AFP, alpha-fetoprotein; MVI, microvascular invasion.

Survival Outcomes Before and After PSM

The median follow-up time was 35.3 months. Before PSM, the extrahepatic recurrence rates (ERR) were 22.0% (42/191)
in the 5-10 cm HCC group versus 25.6% (23/90) in the =10 cm HCC group (P=0.508). The median RFS was 29.6
months (95% CI: 15.6—44.0) for LH group compared to 26.5 months (95% CI: 12.0-41.0) for GH group (HR=0.864;
95% CI: 0.615-1.214; P=0.398) (Figure 2a). Following PSM, both groups demonstrated identical ERR rates of 23.2%
(19/82). The median RFS post-matching was 21.1 months (95% CI: 15.6-26.5) for LH group and 26.5 months (95% CI:
13.0-39.9) for GH group (HR=1.128; 95% CI: 0.756-1.681; P=0.555) (Figure 3a). Median overall survival was not
reached in either group before (P=0.765) or after (P=0.228) matching (Figures 2b and 3b).

Univariate Cox regression analysis of the entire cohort revealed that age <65 years, albumin <40 g/L, AFP >200 ng/
mL, major resection, poor differentiation, and MVI positivity were all significantly associated with increased recurrence
risk (all P<0.1). Multivariate analysis identified three independent prognostic factors for HCC recurrence: MVI
negativity (HR 0.347, 95% CI 0.235-0.512, P<0.001), AFP <200 ng/mL (HR 0.581, 95% CI 0.415-0.812, P=0.001),
and age <65 years (HR 1.605, 95% CI 1.085-2.374, P=0.018). In the PSM cohort, Cox regression analysis confirmed the
persistent predictive value of these three factors: MVI negativity (HR 0.354, 95% CI 0.220-0.568, P<0.001), AFP <200
ng/mL (HR 0.512, 95% CI 0.334-0.786, P=0.002), and age <65 years (HR 2.120, 95% CI 1.303-3.450, P=0.002) for
RFS (Table 2).
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Figure 2 Kaplan-Meier analysis of RFS (a) and OS (b) before PSM.
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Figure 3 Kaplan-Meier analysis of RFS (a) and OS (b) after PSM.

Discussion

Surgical resection remains the recommended treatment for solitary hepatocellular carcinoma (HCC), regardless of tumor
size; however, prognosis varies significantly with tumor dimensions. Most current studies consider tumor size >5 cm as
a risk factor for HCC recurrence.'®'? This study revealed comparable 2-year recurrence rates between patients with

Table 2 Univariate and Multivariate Analysis for RFS in Patients with HCC = 5 cm

RFS Number Univariate Analysis Multivariate Analysis

HR Cl P HR Cl P
All patients (n=281)
Age (<65/265 years) 205/76 1.541 1.047-2.268 0.028 1.605 1.085-2.374 0.018
Sex (male/female) 234/47 1.415 0.892-2.245 0.140
BMI (<24/224) 159/122 1.274 0.921-1.763 0.144
HBsAg (negative/positive) 76/205 0.859 0.595-1.242 0.420
Albumin = 40 g/L (nolyes) 137/144 1.571 1.139-2.167 0.006 1.283 0.917-1.795 0.146
AFP (<200/2200ng/mL) 154/127 0.472 0.342-0.653 <0.001 0.581 0.415-0.812 0.001
Liver cirrhosis (negative/positive) 89/192 1.017 0.721-1.433 0.925
Major resection (nol/yes) 222/59 0.621 0.431-0.895 0.011 0.885 0.603-1.298 0.531
Pringle maneuver (no/yes) 110/171 0.989 0.712-1.375 0.948
Intraoperative transfusion (no/yes) 197/84 0.796 0.569-1.114 0.183
Tumor size (5-10/210cm) 191/90 0.864 0.615-1.214 0.399
Poor differentiation (nofyes) 169/112 0.734 0.532-1.012 0.060 0.895 0.644-1.242 0.506
MVI (negative/positive) 111/170 0.308 0.211-0.449 <0.001 0.347 0.235-0.512 <0.001
Patients after PSM (n=164)
Age (<65/265 years) 117/47 1.905 1.175-3.089 0.009 2.120 1.303-3.450 0.002
Sex (male/female) 142/22 0.566 0.285-1.123 0.103
BMI (<24/224) 100/64 1.080 0.722-1.615 0.708
HBsAg (negative/positive) 46/118 0.931 0.598-1.450 0.752
Albumin 2 40 g/L (nolyes) 80/84 1.545 1.038-2.299 0.032 1.126 0.832-1.910 0.274
AFP (<200/2200ng/mL) 72/92 0.487 0.320-0.740 0.001 0.512 0.334-0.786 0.002

(Continued)
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Table 2 (Continued).

RFS Number Univariate Analysis Multivariate Analysis
HR Cl P HR Cl P

Liver cirrhosis (negative/positive) 55/109 0.902 0.590-1.381 0.635

Major resection (no/yes) 119/45 0.731 0.476-1.123 0.152

Pringle maneuver (no/yes) 57/107 1.476 0.984-2.215 0.060 1.418 0.931-2.161 0.104
Intraoperative transfusion (no/yes) 110/54 0.816 0.542-1.230 0.331

Tumor size (5-10/210cm) 82/82 1.128 0.756-1.681 0.556

Poor differentiation (no/yes) 96/68 0.761 0.512-1.132 0.178

MVI (negative/positive) 59/105 0.340 0.213-0.541 <0.001 0.354 0.220-0.568 <0.001

tumors 5—10 cm and those with tumors >10 cm (48.7% vs 47.8%), also demonstrating the aggressive biological behavior
and high early recurrence propensity of HCCs >5 cm following curative hepatectomy.

The observed discrepancy between technical resectability and biological curability highlights the critical need for
refined prognostic stratification beyond the 5 cm threshold. Zhang et al** demonstrated that tumor size remains
a significant prognostic determinant even after stratifying small HCCs (<5 cm). Similarly, tumor size variations likely
correlate with distinct outcomes within the large HCC category (>5 cm). Notably, for solitary HCCs >10 cm, existing
literature primarily focuses on surgical safety and short-term complications; comprehensive data on long-term oncolo-
gical outcomes remain limited and warrant systematic investigation. To address this gap and further explore the impact of
tumor size within large HCCs, this study stratified patients with HCC >5 cm into subgroups (5—10 cm vs >10 cm) for
detailed analysis of postoperative outcomes.

The biological aggressiveness of HCC typically correlates with tumor size, where larger lesions often demonstrate
more advanced malignant behavior and necessitate wider resection margins to achieve RO status. This established
association between tumor dimensions and surgical complexity was evident in our pre-matched cohort: patients with
HCC >10 cm demonstrated significantly higher rates of AFP >200 ng/mL, major hepatectomy, and intraoperative
transfusion requirements compared to those with tumors measuring 5-10 cm. These clinically significant baseline
differences were effectively balanced through PSM, resulting in well-matched cohorts with no significant differences
in baseline characteristics (all P>0.05).

Both Kaplan-Meier survival analysis and multivariable Cox regression demonstrated no statistically significant
difference in RFS between LH group and GH group. Furthermore, comparative analysis of recurrence patterns revealed
no significant differences between the two cohorts. Collectively, these findings demonstrate that tumor size does not serve
as an independent prognostic factor for HCC >5 cm following curative hepatectomy. Our findings are consistent with
existing literature, including Ariizumi et al*! who reported favorable surgical outcomes for solitary HCC >10 cm without
macrovascular invasion. Similarly, Levi Sandri et al** found tumor size did not significantly affect long-term survival,
though it was associated with prolonged postoperative hospitalization.

Early postoperative recurrence (occurring within 2 years) remains the most critical determinant of long-term
prognosis for HCC patients undergoing curative hepatectomy.>® The prevailing understanding attributes this early
recurrence primarily to occult micrometastases, undetectable by preoperative imaging or intraoperative evaluation.
These residual microscopic tumor deposits are strongly associated with the intrinsic biological aggressiveness of the
primary tumor. While numerous investigations have sought to establish reliable predictors of recurrence, significant
interstudy variability persists - a phenomenon likely reflecting differences in patient populations and surgical selection
criteria across institutions.** ¢

In this study, multivariate Cox regression analysis identified MVI positivity and AFP >200 ng/mL as independent
negative prognostic factors for recurrence-free survival (all P<0.05). These findings align with established literature,
where both MVI and elevated AFP levels have been consistently validated as robust predictors of postoperative
recurrence.”> %’ It is noteworthy that our study identified younger age as a high-risk factor for recurrence after HCC
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resection, a finding less commonly reported in the literature.?® >° Conventionally, younger patients are often considered
to have better hepatic functional reserve, which is typically associated with a more favorable prognosis. We postulate that
this observed association may stem from the fact that younger patients possess more abundant hepatic blood supply and
greater regenerative capacity. This enhanced microenvironment could potentially promote the growth and metastasis of
residual microscopic tumor deposits. Furthermore, the inclusion of only large HCCs (=5 cm) in our cohort may further
increase this risk. This hypothesis—that postoperative recurrence is jointly determined by both tumor biological
aggressiveness and postoperative hepatic functional reserve—may also explain the conflicting results regarding adjuvant
TACE across different clinical studies. Specifically, the varying efficacy of TACE in eradicating occult micrometastases
versus its detrimental impact on hepatic function among distinct patient subpopulations.®'>* Future efforts to refine
patient selection for adjuvant therapy and develop regimens with optimized efficacy-toxicity profiles hold promise for
reducing postoperative recurrence.

This study has several limitations that should be acknowledged. First, as a retrospective study, although PSM was
rigorously applied to control for intergroup variables, certain potentially outcome-influencing factors—such as surgical
margin —were not incorporated. This omission may exert an impact on the results.>>*® Second, longer follow-up is
warranted to fully evaluate long-term survival outcomes, particularly for OS. Moreover, the sample size in this study is
relatively small, particularly the matched sample size. Future studies incorporating standardized follow-up protocols,
detailed tumor molecular profiling, and comprehensive liver function assessments would provide more definitive
evidence regarding the prognostic significance of tumor size in HCC.

Conclusion

Our study reveals that postoperative RFS are comparable between solitary large HCCs (5-10 cm) and giant HCCs
(>10 cm) who are eligible for upfront curative resection, indicating that tumor size alone is not an independent prognostic
factor for solitary HCC >5 cm after curative resection. Tumor biological characteristics (AFP levels and M VI status) are
the primary determinants of postoperative prognosis in HCC patients. These findings suggest that surgical decision-
making for solitary large HCC should integrate comprehensive tumor biological characteristics rather than overempha-
sizing tumor size. However, these conclusions are limited to selected patients eligible for curative resection and should be
validated in future prospective studies with larger sample sizes and longer follow-up for overall survival.
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