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Introduction

We aimed to investigate risk factors for early postoperative recurrence in patients with hepatocellular carcinoma (HCC) and determine the effect of surgical methods on early recurrence to facilitate predicting the risk of early postoperative recurrence in such patients and the selection of appropriate treatment methods.





Methods

We retrospectively analyzed clinical data concerning 428 patients with HCC who had undergone radical surgery at Mianyang Central Hospital between January 2015 and August 2022. Relevant routine preoperative auxiliary examinations and regular postoperative telephone or outpatient follow-ups were performed to identify early postoperative recurrence. Risk factors were screened, and predictive models were constructed, including patients’ preoperative ancillary tests, intra- and postoperative complications, and pathology tests in relation to early recurrence. The risk of recurrence was estimated for each patient based on a prediction model, and patients were categorized into low- and high-risk recurrence groups. The effect of anatomical liver resection (AR) on early postoperative recurrence in patients with HCC in the two groups was assessed using survival analysis.





Results

In total, 353 study patients were included. Multifactorial logistic regression analysis findings suggested that tumor diameter (≥5/<5 cm, odds ratio [OR] 2.357, 95% confidence interval [CI] 1.368–4.059; P = 0.002), alpha fetoprotein (≥400/<400 ng/L, OR 2.525, 95% CI 1.334–4.780; P = 0.004), tumor number (≥2/<2, OR 2.213, 95% CI 1.147–4.270; P = 0.018), microvascular invasion (positive/negative, OR 3.230, 95% CI 1.880–5.551; P < 0.001), vascular invasion (positive/negative, OR 4.472, 95% CI 1.395–14.332; P = 0.012), and alkaline phosphatase level (>125/≤125 U/L, OR 2.202, 95% CI 1.162–4.173; P = 0.016) were risk factors for early recurrence following radical HCC surgery. Model validation and evaluation showed that the area under the curve was 0.813. Hosmer-Lemeshow test results (X2 = 1.225, P = 0.996 > 0.05), results from bootstrap self-replicated sampling of 1,000 samples, and decision curve analysis showed that the model also discriminated well, with potentially good clinical utility. Using this model, patients were stratified into low- and high-risk recurrence groups. One-year disease-free survival was compared between the two groups with different surgical approaches. Both groups benefited from AR in terms of prevention of early postoperative recurrence, with AR benefits being more pronounced and intraoperative bleeding less likely in the high-risk recurrence group.





Discussion

With appropriate surgical techniques and with tumors being realistically amenable to R0 resection, AR is a potentially useful surgical procedure for preventing early recurrence after radical surgery in patients with HCC.
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1 Introduction

Hepatocellular carcinoma (HCC), the most common type of primary liver cancer and the most common pathohistological type, has been reported to account for ~90% of cases (1). Currently, HCC treatment involves a multidisciplinary approach, multiple therapeutic approaches, and individualized treatment. Common treatments include surgery, ablation, transcatheter arterial chemoembolization, radiation therapy, and systemic antitumor therapy.

Patients with early HCC recurrence typically have a poorer prognosis than those with late recurrence. Kim et al. (2) noted that the risk rate of recurrence following HCC treatment peaked at one year (21.7%) and gradually declined after five years. Surgical resection modalities for HCC are divided into anatomical liver resection (AR) and non-anatomical liver resection (NAR), with NAR involving a local resection 1–2 cm from the tumor margins without regard to Couinaud liver segments, which can facilitate the preservation of hepatic parenchyma. AR was first proposed by Makuuchi et al. (3) as a systematic resection of liver segments limited by tumor portal vein branches to reduce the incidence of liver tumor cells invading the hepatic vascular system and transferring along the blood vessels. The effect of AR and NAR on the early prognosis of patients remains unclear, with some studies suggesting that AR is more likely to improve oncologic outcomes. In the retrospective study of 362 patients by Zhong et al., after propensity score matching (PSM), one-, three-, and five-year disease-free survival (DFS) rates were reported to be 51.1%, 44.7%, and 42.0%, respectively, in the AR group, and 44.9%, 34.3%, and 26.4%, respectively, in the NAR group (P = 0.039). Using multifactorial regression analysis, AR was reported to be an independent favorable prognostic factor in patients with HCC in combination with microvascular invasion (MVI) (HR 1.054, 95% CI 1.105–2.045, P = 0.009) (4). However, it has also been suggested that there is no significant difference in the effects of the two surgical procedures on patient DFS rates. In a retrospective study by Elvan et al., that included 94 samples (5), one-, three-, and five-year DFS rates in the NAR group were 73.6%, 39.1%, and 32.8%, respectively, and 48.8%, 22.7%, and 22.7%, respectively, in the AR group (P = 0.085). However, most of the above studies utilized a single baseline characteristic (for example, whether the tumor diameter exceeded 5 cm or whether MVI accompanied it) for survival analysis, with less consideration for each patient’s comprehensive situation. As postoperative recurrence in patients with HCC is a highly heterogeneous outcome involving the interaction of many potential factors, our stratified randomized study aimed to develop more comprehensive baseline characteristics using a self-developed recurrence prediction model to group our study population accordingly and to investigate the effect of each surgical modality on early recurrence of HCC.




2 Materials and methods



2.1 Study population and data sources

In this study, we selected 428 patients who underwent hepatectomy for primary hepatic malignancy at the Department of Hepatobiliary Surgery, Mianyang Central Hospital, between January 2015 and August 2022. In total, 353 patients with HCC (males, n = 289; females, n = 64; age range, 18–84 years) who met the inclusion criteria were enrolled. In accordance with guidelines for human subjects research, this retrospective study was approved by the institutional review board of the Institutional Ethics Review Board of Mianyang Central Hospital.




2.2 Selection criteria

Inclusion criteria comprised the following: (i) patients who had undergone surgical treatment and whose HCC diagnosis had been confirmed pathologically; (ii) patients who had not undergone preoperative transcatheter arterial chemoembolization (TACE), radiotherapy, or other treatments; (iii) patients with no distant metastases to the lungs and bones; and (iv) patients who had undergone >12 months follow-up post-treatment, and who had complete follow-up medical record data. Exclusion criteria comprised the following: (i) patients with non-primary HCC; (ii) patients with combined distant metastases; (iii) patients who had undergone preoperative TACE and radiotherapy; (iv) patients with a combination of other tumors or postoperative pathology suggestive of non-HCC; (v) patients lacking clinically important information; and (iv) patients who declined to attend follow-up or who were not included in follow-up post-discharge.

We initially screened 428 patients and excluded 13 patients with incomplete data or postoperative loss to follow-up, 17 patients who died postoperatively owing to non-tumor recurrence factors, 42 patients with postoperative pathology suggestive of hepatic cholangiocarcinoma or other types of tumors, and three patients with non-R0 resection.




2.3 Clinical features

We collected the following patient data: age, sex, Child-Pugh classification, presence of cirrhosis, and concomitant portal hypertension; serological parameters, namely, alpha-fetoprotein (AFP), alanine aminotransferase (ALT), aspartate aminotransferase (AST), γ-glutamyltransferase (γ-GT), total bilirubin (TBIL), neutrophil/lymphocyte ratio (NLR), alkaline phosphatase(ALP); viral infection data (hepatitis B virus [HBV]/hepatitis C virus [HCV]); surgery and postoperative recovery (AR or NAR), whether intraoperative blood transfusion had been performed, the amount of intraoperative bleeding, whether postoperative complications and hepatic failure occurred, and the duration of postoperative hospitalization; tumor condition and pathological features (tumor diameter, number of satellite nodules, and the presence of microvascular invasion (MVI); and prognosis (DFS at 12 months postoperatively in both groups).

All patients underwent a preoperative evaluation. Preoperative blood tests, liver and renal function, coagulation function, and other tests were performed to assess the patients’ general status, including preoperative with higher HBV-DNA levels and alanine aminotransferase (ALT) levels >2 times the upper limit of normal values. Antiviral and hepatoprotective treatments were first administered, and surgery was performed within a limited period once liver function had improved; liver function reserve was assessed using the Child-Pugh classification and the indocyanine green 15 min storage rate; preoperative computed tomography (CT) and magnetic resonance imaging (MRI) of the upper abdomen were performed to determine the tumor location and diameter; and three-dimensional reconstruction was used to measure the volume of the remaining liver and to determine the presence of vascular variation.




2.4 Principles of the surgical protocol

Surgery was performed by an authorized senior hepatobiliary surgeon who ensured there was no microscopic tumor residue at all surgical margins (R0 resection) and that the remaining liver volume was >40%. The surgeon developed an individualized hepatic resection surgical plan according to tumor location and diameter and determined whether there was vascular variation involvement.




2.5 Patient follow-up

All patients were followed postoperatively via telephone and outpatient visits. During the first six months postoperatively, liver function, alpha-fetoprotein (AFP), and abdominal ultrasonography examinations were performed monthly. These examinations were repeated every 3–6 months for 12 months, with a review undertaken every six months after that. Abdominal enhancement CT was repeated every six months postoperatively. If AFP levels were persistently elevated or recurrent metastasis was suspected on abdominal ultrasonography, further refinement of the abdominal enhancement CT or MRI was performed to evaluate disease recurrence, which was determined to be the time interval between the date of surgery and the date of diagnosis of tumor recurrence, the patients who relapse within 12 months after surgery are defined as early recurrence. All patients were followed up until April 2023.




2.6 Patient groups

An optimal cut-off value of 112 was calculated based on the principle of the maximum Youden index. Patients with scores higher than the optimal cut-off value were included in the high-risk group for early postoperative recurrence; those with scores lower than the optimal cut-off value were included in the low-risk group for early postoperative recurrence. The two groups of patients were divided into two subgroups based on the surgical modality (AR or NAR).




2.7 Statistical analysis

Statistical analyses were performed using SPSS version 26.0 software. Frequencies (constitutive ratios) were used to express count data, and measures were expressed as mean ± standard deviation (  ± SD) if they conformed to normal distribution and median (interquartile spacing) for non-normal distribution. Count data were compared using a chi-squared test or an exact probability method. Measures that conformed to a normal distribution were compared using a t-test, and those that did not conform to a normal distribution were tested using a Mann–Whitney U test. All variables in this study were analyzed using logistic one-way regression; factors significantly associated with early recurrence were initially screened at P < 0.05, statistically significant factors were analyzed again using multifactorial analysis and considered statistically significant at P < 0.05, and nomograms were plotted using R4.2.0 software.

Using a receiver operating characteristics (ROC) curve, we determined the area under the curve of the predictive model, verified the differentiation of the model, maximized the Youden index to find the optimal cut-off value of the predictive model, calculated the sensitivity and specificity of the predictive model, and verified the accuracy of the model using self-sampling resampling with 1000 bootstrap iterations.

The recurrence index and the optimal cut-off value were calculated for each patient using the model score, and the patients were stratified into either low- or high-risk recurrence groups based on the score. We categorized patients into AR and NAR subgroups using surgical modality as an exposure measure, and the effects of different surgical modalities (AR or NAR) on the early recurrence of differing patients with HCC were determined using survival analysis.




2.8 Ethics approval

The studies involving human participants were reviewed and approved by the Institutional Ethics Review Board of Mianyang Central Hospital (Approval No. S20230352-02). Informed consent was obtained from all the patients for their data to be used for research purposes.





3 Results



3.1 Patient characteristics

In accordance with our inclusion and exclusion criteria, 17 patients with non-recurrence-related deaths were excluded (comprising six deaths during hospitalization; of these six patients, three with AR, the other three with NAR, and 11 deaths from other causes post-discharge). Thirteen patients were lost to follow-up post-discharge, and 42 patients had postoperative pathology suggesting cholangiocarcinoma or tumors of other origins (including 38 tumors of bile duct origin and four tumors of either rectal, gallbladder, breast, or other origins). In total, 353 patients who had undergone radical HCC resection were included for analysis in this study. There were 115 (32.5%) patients with early recurrence within 12 months postoperatively and 238 (67.5%) without recurrence at the end of 12-month follow-up.

We analyzed 353 patients using logistic one-way regression analysis. Eleven risk factors with P-values <0.05 were screened out as not being statistically significantly associated with early postoperative recurrence. Thirteen risk factors associated with early recurrence were screened (Table 1). Further logistic multifactorial regression analyses were performed using these thirteen risk factors. A logistic regression model was constructed using the aforementioned six factors as independent variables (Table 2).


Table 1 | Clinicopathologic features of 353 patients.




Table 2 | Further logistic multifactorial regression analyses.



According to the constructed models, a predictive model was constructed for this modeling cohort (Figure 1A), and AJCC, BCLC, and CNLC staging systems were used for simultaneous comparisons using ROC analysis. Our findings concerning the modeling cohort were as follows: area under the ROC curve, 0.813 (95% CI, 0.7650.861, P < 0.001) and C-index, 0.813. The area under the ROC curve in the predicted model was greater than in the three staging systems, which indicated that the model was well discriminated (diagnostic sensitivity of the model, 69.6%; specificity, 79.4%) (Figure 1B). Model accuracy assessment and result visualization using the Hosmer-Lemeshow test and calibration curves are shown in (Figure 1C) (χ2 = 1.255, P = 0.996, and P > 0.05), with calibration plots suggesting the predictive model had good accuracy. The model was also internally validated using bootstrap self-sampling with a repeat sample of 1000 cases and accurately distinguished postoperative patients who were likely to have early recurrence. With a threshold probability of approximately 0.07–0.78 using decision curve analysis (DCA) (Figure 1D), the decision curve showed that if the threshold probability of the patient is between 0.07 and 0.78, using nomogram model added more benefit than a treat-all-patients or treat-none scheme.




Figure 1 | Construction and validation of the model. (A) Nomogram that can predict the risk of recurrence within 1 year. (B) ROC curve of nomogram, AJCC, BCLC, and CNLC staging systems. AJCC, American Joint Committee on Cancer, BCLC, Barcelona Clinic Liver Cancer, CNLC, China Liver Cancer. (C) Calibration curves of the radiomics nomogram. (D) Decision curve analyses for using the nomogram.






3.2 Population subgroups with HCC

Recurrence scores were calculated separately for each patient based on predictive modeling, and an optimal cut-off value of 112 was obtained. The total population was stratified with patients having scores <112 categorized into a low-risk recurrence group and those having scores ≥112 stratified into a high-risk recurrence group (Table 3). A one-way logistic regression of risk factors was performed in both groups. In the low-risk recurrence group, the surgical resection method, tumor diameter, and MVI were found to be statistically significantly associated with recurrence within 12 months postoperatively. In the low-risk recurrence group, no macrovascular invasion was observed, whereas in the high-risk recurrence group, concomitant chronic viral hepatitis, vascular invasion, and a change in surgical procedure were important risk factors for early postoperative recurrence. We compared differences in the clinicopathologic features of the AR and NAR groups (Table 4). Differences in bilirubin levels (13.8 µmol/L vs. 15.7 µmol/L, respectively; P = 0.026) and alkaline phosphatase (7.7% vs. 17.1%, respectively; P = 0.033) were found to be statistically significant in patients in the low-risk recurrence group who underwent the two surgical procedures separately, while no differences were found in the clinicopathologic characteristics of the patients in the high-risk recurrence group. No differences were observed in the clinicopathological characteristics of patients in the high-risk recurrence group; however, differences in operative time, average hospitalization time, intraoperative bleeding, postoperative occurrence of liver failure, and related complications between the two surgical modalities were not statistically significant in patients in the low-risk recurrence group. In the high-risk recurrence group, patients in the AR group bled less than those in the NAR group (200 mL vs. 400 mL, respectively; P = 0.008) (Table 5). Through calculating survival outcomes in relation to AR versus NAR in both groups (Figure 2), both patient groups were found to benefit from AR for the prevention of early postoperative recurrence, with greater benefit of AR in patients in the high-risk recurrence group. DFS at four, eight, and twelve months in the low-risk recurrence group was 95.1%, 91.5%, and 88.7% in the AR group, respectively, and 95.1%, 84.0%, and 76.6% in the NAR group, P = 0.020, respectively. In the high-risk recurrence group, it was 81.3%, 60.5%, and 49.4% in the AR group at four, eight, and 12 months, respectively. DFS at four, eight, and twelve months in the NAR group was 64.6%, 41.5%, and 26.2%, respectively (P = 0.004).


Table 3 | Relationship between clinical factors and early recurrence of low-risk recurrence group & high-risk recurrence group.




Table 4 | Differences in the clinicopathologic features of the AR and NAR groups.




Table 5 | The effect of two surgical modalities in low-risk and high-risk recurrence groups.






Figure 2 | Kaplan-Meier curves of disease-free survival based on different surgical approaches in (A) all of 353 patients, (B) 224 patients in low-risk recurrence group and (C) 129 patients in high-risk recurrence group.







4 Discussion

Currently, HCC is mainly treated via surgical resection using a multidisciplinary team approach (MDT, medical oncology, interventional medicine, and gastroenterology) and supplemented with local therapy, hepatic arterial cannulation for continuous chemotherapy infusion, and adjuvant therapy according to each patient’s physical condition and tumor stage. With advances in surgical techniques and increased usage of large medical centers, combined with the oncological characteristics of HCC, the use of AR has gradually become more prominent in hepatectomy, with many studies reporting a better prognosis with AR than with NAR (6–8).

The tumor-node-metastasis (TNM) staging system has been widely used to predict the survival rate for patients with tumors; however, in recent years, There are already many studies that have predicted prognoses using prediction models with higher accuracy and precision than TNM staging (9–11). Our model showed better performance than the AJCC, BCLC, and CNLC staging systems (0.813, 0.721, 0.743, and 0.763, respectively; P < 0.001). This may be because, in addition to the inclusion of assessment factors (tumor diameter, tumor number, and combined vascular invasion) that are widely used in these staging systems, we included other clinicopathological patient features, such as combined MVI, elevated AFP, and elevated ALP, which have been shown to significantly affect the prognosis of patients with HCC (12–14).

Previous studies have shown that the morphological characteristics of primary tumors and the early recurrence of postoperative are closely related to long-term prognosis in patients with HCC. The risk factors for HCC recurrence are largely related to the morphological characteristics of a patient’s tumor, e.g., tumor diameter ≥5 cm and portal vein invasion are indicative of increased invasiveness of the tumor and a higher risk of recurrence (15, 16). Moreover, the occurrence of MVI is closely related to a patient’s tumor load, differentiation level, AFP level, and HBV activity and replication (17), while the presence of satellite nodules in patients with MVI is suggestive of tumor progression (18).

Serum biomarker testing is also often used to predict HCC recurrence. ALP is a common liver function test, and an elevated ALP level is often in response to liver injury. Elevated serum ALP can also be used to evaluate the prognosis of bone diseases such as osteosarcoma, as well as tumors accompanied by bone metastases (19). Similarly, our study found that elevated ALP levels were positively correlated with the risk of early postoperative recurrence in patients (HR 2.803, 95% CI 1.617–4.860), which may be attributed to higher ALP activity in the nucleus of cancer cells and to the dynamic changes that occur during the cell cycle, suggesting that ALP may contribute to tumor formation through altering cell cycle regulation and proliferation (20). ALP can also be elevated in a number of inflammation-related diseases (e.g., hepatitis, choledocholithiasis, cholangitis, and pancreatitis), and the inflammatory milieu plays an important role in driving the development and progression of cancer (21); therefore, elevated serum ALP levels may reflect the fact that patients with HCC have more severe inflammation with a poorer prognosis. Alpha-fetoprotein (AFP) is a conventional tumor marker for predicting HCC recurrence, but its sensitivity is relatively low. des-γ-carboxy-prothrombin (DCP) was recently reported to be superior to AFP in detecting HCC recurrence (22, 23). Furthermore, biomarkers such as circulating tumor DNA assays and circulating tumor cells have also been noted in the improvement of AFP prediction performance (24). However, research concerning biomarkers or combinations of biomarkers that are highly accurate and easy to detect is ongoing.

The recurrence pattern of HCC has been extensively studied and mostly involves intrahepatic recurrence at the hepatic end of the residual liver (90.1%), with most recurrences occurring within 1–2 years postoperatively (54.5%) (18, 53). In 1998, Ueda et al. used CT hepatic angiography to determine the hemodynamics of HCC during carcinogenesis (25) and confirmed, for the first time, the theory of tumor blood flow (TBF). The TBF drainage area is considered to be the peritumor area where tumor blood drains and may contain more micrometastases than other areas. Therefore, to completely resect the peritumor area, the optimal surgical area for HCC should be determined based on the patient’s tumor hemodynamics, that is, the TBF drainage area. Based on this understanding, in 2000, Sakon et al. proposed the concept of three modes of intrahepatic recurrence of HCC, namely, (i) local intrahepatic metastasis, that is, recurrence of HCC spreading directly to the periphery of the tumor through portal venous blood flow or venous drainage; (ii) systemic intrahepatic metastasis, that is, HCC recurrence due to circulating tumor cells (CTCs), and (iii) multicenter HCC recurrence due to HCC redevelopment (26). Based on recurrence patterns after TBF hepatectomy, AR can be used to appropriately resect the drainage area of the TBF and effectively avoid the recurrence of HCC intrahepatic metastasis.

AR was first proposed by Makuuchi et al. with the aim of completely resecting the tumor-carrying portal branches supplied by the portal vein and the branches of the hepatic artery, thereby improving the surgical prognosis of patients with HCC. Owing to HCC’s tendency to progress to intrahepatic vascular structures (27, 28), AR allows complete resection of the tumor, peritumoral liver tissue, and possible micrometastases around the tumor. This procedure is preferred by most surgeons. However, NAR is typically used for patients with HCC with relatively deteriorated liver function reserves because of chronic hepatitis or cirrhosis. However, when comparing AR and NAR, it is also necessary to consider the difficulty of performing both surgical procedures as well as postoperative differences in complications among patients, such as residual liver ischemia and liver failure. Previous studies have shown that AR has a longer operative time and a higher likelihood of postoperative residual hepatic ischemia than NAR and that residual hepatic ischemia is an independent risk factor for postoperative recurrence in patients (29). In recent years, the gap between AR and NAR in terms of operative time, intraoperative bleeding, and the occurrence of serious postoperative complications has narrowed with the advancement of intraoperative aids and surgical techniques (30). Our study shows that in the low-risk recurrence group, no statistically significant difference was observed between the two surgical techniques in terms of operation time, average hospitalization time, intraoperative bleeding, postoperative liver failure, and related complications. In the high-risk recurrence group, patients in the AR group had less bleeding than those in the NAR group (200 mL vs. 400 mL, respectively; P = 0.008). This may be because, as surgical techniques have developed, the operative times for AR and NAR have become lesser. However, AR following hepatic vascular anatomy is more effective in avoiding intraoperative bleeding. DFS was superior to NAR in the low-risk group for recurrence, and this advantage was more pronounced in the subgroup of high-risk patients.

Previous studies have shown that the effect of surgical resection modality on the prognosis of patients with HCC, especially those at a relatively high risk of recurrence (4, 5, 31), was not statistically significant, whereas our study found that patients in the high-risk recurrence group who underwent AR had a significantly better one-year RFS rate than those who underwent NAR. This could be because some high-risk patients have CTCs that have not begun to spread through the bloodstream, and AR resection may be able to remove some CTCs that have not yet spread via blood metastases. However, the clinical application of CTCs remains challenging. The most important difficulty is that the earlier the cancer stage is, the fewer the CTCs. Furthermore, there are conflicting definitions of CTCs (32). Therefore, for patients with late tumor staging, we consider that risks and benefits should be balanced with consideration of the possible risk of high CTCs, the difficulty of intraoperative resection, and postoperative hepatic function compensation, and that AR should be selected to treat patients with surgical indications.

This single-center retrospective study had some limitations. We intend to plan a large multicenter large-sample study to explore a preoperative CTC model and enhance the validity of the model through internal and external validation, which may allow for a more in-depth investigation of changes in relation to the benefits of varying surgical modalities for different patient populations.
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