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Purpose

To evaluate the impact of resection margin on recurrence pattern and survival for hepatocellular carcinoma (HCC) with narrow margin resection, with the aim to guide postoperative treatment.



Materials and Methods

Two hundred forty HCC patients after curative hepatectomy between 2014 and 2016 were reviewed retrospectively. The cases were divided into narrow-margin (width of resection margin <1cm, n=106) and wide-margin (width of resection margin ≥1cm, n=134) groups based on the width of resection margin. Recurrence pattern, recurrence-free survival (RFS), and overall survival (OS) were compared between the above two groups. An additional cohort of nine cases with positive margin plus post-operative stereotactic body radiotherapy (SBRT) was also analyzed for the recurrence pattern.



Results

Postoperative recurrence was found in 128 (53.3%) patients. The recurrence rate was significantly higher in narrow-margin group than that in wide-margin group (P=0.001), especially for the pattern of marginal recurrence (20.8 vs. 4.5%, P=0.003). The 1-, 2-, 3-year RFS rates for the narrow-margin and wide-margin groups were 55.8, 43.9, 36.9, and 78.7, 67.9, 60.2%, respectively, with significant difference between the two groups (P<0.001). Patients with narrow margin showed a tendency of decreased OS than those with wide margin (P<0.001). As comparison, the nine cases with positive margin treated with postoperative SBRT showed low recurrence rate and no marginal recurrence was found.



Conclusion

Patients with narrow resection margin were associated with higher recurrence rate and worse survival than those with wide resection margin. These patients may benefit from adjuvant local treatment, such as radiotherapy.
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Introduction

Hepatocellular carcinoma (HCC) is the seventh prevalent malignancy worldwide (1). In China, HCC is the fourth common cancer and the third leading cause of cancer-related mortality (2). Although surgical excision is considered the standard treatment for resectable HCC (3), a high rate of postoperative recurrence was observed after partial hepatectomy, with a marginal recurrence rate up to 30% (4–6). Multiple factors are correlated to high postoperative recurrence, including tumor size, number, microvascular invasion (MVI), tumor capsule invasion, and resection margin status (5, 7–10).

Among these factors, resection margin has been widely evaluated for its effect on the long-term outcomes after resection, however, the conclusion remains controversial. A few studies have shown that an adequate resection margin is indispensable for long-term survival (11–14), but others found that a narrow resection margin does not detract from long-term outcomes (8, 9, 15). It is generally accepted that both surgical curability and postoperative hepatic function preservation are crucial for the successful treatment of patients with HCC. For instance, irregular hepatectomy or meso-hepatectomy were often recommended for centrally located HCCs, especially for those adjacent to the first or second porta hepatis systems (16, 17), but the resection margin is generally less than 1cm in order to meet the criteria both for cure and preservation of the adjacent major vessels simultaneously (18, 19). Therefore, a better understanding of the impact of width of resection margin on recurrence and survival helps to tailor adjuvant therapy against recurrence to improve long-term oncological outcomes.

In this study, based on a retrospectively collected database, we conducted a detailed analysis to reveal the effect of margin width on recurrence pattern and survival outcomes after hepatectomy, in HCC with narrow resection margin. If the rate of marginal recurrence is high, a postoperative local treatment such as radiotherapy might be useful to improve local control.



Materials and Methods


Patients

A total of 240 HCC patients in the Second Affiliated Hospital, Zhejiang University School of Medicine (SAHZU) who underwent hepatectomy between April 2014 to December 2016 were enrolled in this study based on the following inclusion criteria: 1) HCC confirmed by postoperative histology. 2) without neoadjuvant treatment before the first hepatectomy. 3) a complete removal of tumor confirmed by postoperative pathology. 4) Child-Pugh class A5, A6, or B7. 5) Eastern Cooperative Oncology Group performance status 0 or 1. 6) with postoperative imaging follow-up of more than 2 months. Those with distant metastasis and second primary tumor were excluded. The clinical information and follow-up data were collected from the electrical records. The tumor differentiation was graded according to the Edmondson and Steiner grading system (20). The MVI status was graded by the guidelines for the pathological diagnosis of primary liver cancer: 2015 update (21). Tumor staging was assessed according to the 8th edition of guidelines of the American Joint Committee on Cancer (AJCC) (22). Tumor capsule invasion were judged by preoperative imaging. Tumor with smooth peripheral rim was defined as presence of capsule, while tumor with irregular or indistinct borders were defined as absence of capsule (23). This study was approved by Institutional Review Board of SAHZU (2020774).



Surgical Procedure

Surgical margin was defined as the shortest distance from the edge of the tumor to the surface of liver transection (24). The cases were divided into narrow-margin (width of resection margin <1cm, n=106) and wide-margin (width of resection margin ≥1cm, n=134) groups. Resection of the liver equal to or larger than two Couinaud’s segments was considered major liver resection, and a resection smaller than this was considered minor resection. R0 resection was defined as no cancer cell was found on the surgical margin under microscope. Preoperative and postoperative imaging (contrast-enhanced MRI or CT scans) were used to assess the size and location of tumor, and width of resection margin.



Recurrence

After curative R0 resection, patients were followed up in our hospital every month for 3 times, then every 3 months during the first 2 years and every 6 months during the next 3 years. Biopsy for the recurrent lesion was encouraged. Imaging evidence of tumor recurrence (suspicious new findings and progression of disease documented by serial imaging) was also accepted in patients who did not undergo biopsy. The recurrence pattern and the date of initial disease relapse was recorded when the first suspicious radiologic finding was initially identified. In terms of location of recurrence, two major categories were divided: intrahepatic recurrence and extrahepatic recurrence. Intrahepatic recurrence was subdivided into three patterns: 1) marginal recurrence, 2) intrahepatic single-nodule recurrence, 3) intrahepatic multiple-nodule recurrence. Marginal recurrence was defined as intrahepatic recurrence located less than 1 cm from the resection margin, regardless of any simultaneous recurrence in the distant liver remnant or extrahepatic sites.



Positive Margin Cases with Postoperative Stereotactic Body Radiotherapy

Postoperative radiotherapy such as stereotactic body radiotherapy (SBRT) is not recommended for HCC with wide resection margin and its role in patients with narrow margin resection remains controversial. In our institution, postoperative SBRT is not introduced for HCC with R0 resection, therefore, there are not relevant data to demonstrate the significance of adjuvant SBRT in HCC patients with narrow resection margin. However, for patients with positive margin, adjuvant SBRT was used as an optional treatment for residual lesions following hepatectomy, if the patients possess appropriate performance status (ECOG 0-2) and enough liver function reserve. We compared the difference in recurrence pattern between positive margin HCC who received SBRT and those with R0 resection alone, with the aim to evaluate the role of SBRT in local control.

The tumor bed was marked by surgical clips for patients with positive margin during operation. The gross target volume (GTV) was defined as tumor residual and the tumor bed. The full extent of fluid cavity was not included intentionally. The internal target volume (ITV) was defined as the volumetric sum of GTVs in the multiple phases. The planning target volume (PTV) included ITV with 0.5 cm margin and was adjusted manually to minimize overlapping the gastrointestinal tract when needed. The other radiation treatment details, including dose-volume constrains to organs at risk (OAR), respiratory motion management, image guidance, and evaluation of toxicities after SBRT were referred to our previous article by Shui et al. (25).



Statistical Analysis

The data are presented as the mean ± standard deviation for continuous variables. Comparisons between groups were performed using the chi-square test (or the Fisher’s exact test) for nominal variables, and the unpaired t test was used for continuous variables. Overall survival (OS) and recurrence-free survival (RFS) were evaluated by the Kaplan-Meier method and compared by the log-rank test, respectively. OS was calculated from the date of first radical hepatectomy to death for any cause. RFS was measured from the date of first hepatectomy to first recurrence. The Cox regression model was employed in univariate analyses. Surgical resection, tumor number, size, and variables with p value <0.01 in the univariable analyses were retained for the multivariable Cox analysis. All statistical analyses were performed using IBM SPSS Statistics for Windows (Version 23.0; IBM Corp., Armonk, NY) and GraphPad Prism 8.0 software (GraphPad Software Inc., San Diego, CA, USA). P<0.05 was considered statistically significant and indicated by bold values.




Results


Patients Characteristics

The follow-up ended on March 10, 2020. The median follow-up time was 55.2 months [95% confidence interval (CI) 52.2–58.2 months]. Totally 240 patients were included in the final analysis. Of which 106 were divided into the narrow-margin group, and 134 into the wide-margin group based on the width of resection. The patients included 208 (86.7%) male and 32 (13.3%) female cases with an average age of 57.3 (range 22–82) years old at first operation. None of the patients received radiotherapy pre- or post-operatively. A comparison of the baseline demographic and clinicopathological characteristics showed that more patients presented with higher ALT level (P=0.030), larger tumor size (P=0.003), absence of tumor capsule (P=0.027), longer operative time (P<0.001), larger operative blood loss (P=0.019), major liver resection (P<0.001), and more advanced pTNM stage (P=0.008) in the narrow-margin group than that in the wide-margin group (Table 1). In this analysis, TACE was administered to 57 patients (57/240, 23.8%), with 29 (29/134, 21.6%) cases from the wide-margin group, the other 28 (28/106, 26.4%) from narrow-margin group. The patient distribution of receiving TACE were largely comparable between the two groups. We further compared the baseline and outcome characteristics of all 240 R0 resection patients with or without postoperative transcatheter arterial chemoembolization (TACE) (Supplementary Table 1). The clinicopathological characteristics of patients receiving TACE were comparable to those without receiving TACE.


Table 1 | Demographic and clinicopathological characteristics of wide-margin, narrow-margin, and positive-margin plus stereotactic body radiotherapy (SBRT) groups.






Patterns of Recurrence

The median time to recurrence is 9.7 months. During the follow-up periods, 128 patients (128/240, 53.3%) had documented tumor recurrence, with 69 patients (69/106, 65.1%) were originally resected with a narrow margin, 59 (59/134, 44.0%) with a wide margin resection (P=0.001). The marginal recurrence rate was 20.8% (22/106) among patients in the narrow-margin group, and the corresponding rate was 4.5% (6/134) in the wide-margin group, with a significant difference between these two groups (P=0.003). The intrahepatic single-nodule recurrence rate was 12.3% (13/106) in the narrow-margin group, and the corresponding rate was 19.4% (26/134) in the wide-margin group, with a significant difference between the two groups (P=0.002). Intrahepatic multiple-nodule recurrences were found in 50 patients. Among them, 34 (34/106, 32.1%) were from the narrow-margin group, and 16 (11.9%) from the wide-margin group, with a significant difference between them (P=0.010). The recurrence patterns were summarized in Table 2 and Figure 1, showing that the incidence of extrahepatic recurrence was low, while marginal recurrence and intrahepatic remnant recurrence were the main recurrence patterns.


Table 2 | Patterns of recurrence of the wide-margin, narrow-margin, and positive-margin plus stereotactic body radiotherapy (SBRT) groups.






Figure 1 | Patterns of initial recurrence for hepatocellular carcinoma (HCC) patients in narrow-margin and wide-margin groups. Patterns of initial recurrence stratified by marginal recurrence, intrahepatic remnant recurrence, and extrahepatic metastases. Values in parentheses are percentages. (A) Patterns of initial recurrence in the narrow-margin group. (B) Patterns of initial recurrence in the wide-margin group.



Compared with patients with wide margin resection, those with narrow margin resection had a higher rate of recurrence within 12 months after surgery (narrow and wide: 43.4 vs. 20.9%, P=0.028). More marginal recurrence occurred in narrow-margin group than wide-margin group at different time points of the first year after surgery (at 3 months: 6.6 vs. 0.0%; at 6 months: 10.4 vs. 0.7%; at 9 months: 12.3 vs. 2.2%; at 12 months: 14.2 vs. 2.2%). Similar results were also found for intrahepatic multiple-nodule recurrence (at 3 months: 9.4 vs. 3.0%; at 6 months: 18.9 vs. 4.5%; at 9 months: 23.6 vs. 5.2%; at 12 months: 27.4 vs. 6.7%) (Table 2).



Recurrence-Free Survival

The 1-, 2-, 3-year RFS rates were 55.8, 43.9, 36.9% in the narrow-margin group and 78.7, 67.9, 60.2% in the wide-margin group, respectively (P<0.001; Figure 2A). In the multivariable analysis, narrow margin was significantly associated with worse RFS [wide vs. narrow, hazard ratio (HR) =0.608; 95% CI, 0.414–0.893, P=0.011]. Other independent predictors include HBs Ag, tumor capsule, MVI status, and extent of liver resection (Table 3). In the subgroup analysis based on MVI status (M0 vs. M1+M2), patients with narrow margin resection correlated with worse RFS, regardless of MVI status (Figure 3). Similar results were also found in the subgroup analysis based on tumor size (≤ 5 cm vs. > 5 cm) (Figure 4). The 1-, 2-, 3-year RFS rates for patients receiving TACE were 69.7, 51.8, 44.7%, respectively, comparing to 68.9, 59.1, 51.7% accordingly in the no adjuvant TACE group (Supplementary Figure 1).




Figure 2 | Recurrence-free survival (RFS) and overall survival (OS) of the narrow-margin and wide-margin groups. (A) Recurrence-free survival for patients with narrow and wide margin resection. (B) Overall survival for patients with narrow and wide margin resection.




Table 3 | Prognostic factors of recurrence-free-survival (RFS) for patients with narrow and wide margin resection.






Figure 3 | Recurrence-free survival (RFS) of the narrow-margin and wide-margin groups stratified based on microvascular invasion (MVI) status. (A) Recurrence-free survival in the subgroup of M0. (B) Recurrence-free survival in the subgroup of M1+M2.






Figure 4 | Recurrence-free survival (RFS) of the narrow-margin and wide-margin groups stratified based on tumor size. (A) Recurrence-free survival in the subgroup of tumor size ≤ 5 cm. (B) Recurrence-free survival in the subgroup of tumor size > 5 cm.





Overall Survival

The 1-, 2-, 3-year OS rates were 83.5, 65.6, 60.6% in the narrow-margin group, and 94.0, 89.5, 84.2% in the wide-margin group, respectively (P<0.001; Figure 2B). In the multivariable analysis, narrow margin was significantly associated with worse OS (wide vs. narrow, HR=0.518; 95% CI, 0.308–0.871, P=0.013). Other independent predictors include Child-Pugh class, ALT level, tumor capsule, and MVI status (Table 4). In the subgroup analysis based on MVI status (M0 vs. M1+M2) and tumor size (≤ 5 cm vs. > 5 cm), patients with narrow margin resection correlated with worse OS, regardless of MVI status (Figure 5) or tumor size (Figure 6). The 1-, 2-, 3-year OS rates for patients receiving TACE were 92.9, 89.3, 76.8%, respectively, comparing to 88.4, 75.9, 73.1% accordingly in the no adjuvant TACE group (Supplementary Figure 1).


Table 4 | Prognostic factors of overall survival (OS) for patients with narrow and wide margin resection.






Figure 5 | Overall survival (OS) of the narrow-margin and wide-margin groups stratified based on MVI status. (A) Overall survival in the subgroup of M0. (B) Overall survival in the subgroup of M1+M2.






Figure 6 | Overall survival (OS) of the narrow-margin and wide-margin groups stratified based on tumor size. (A) Overall survival in the subgroup of tumor size ≤ 5cm. (B) Overall survival in the subgroup of tumor size >5cm.





Patterns of Recurrence for Positive Margin Cases With Postoperative Stereotactic Body Radiotherapy

Finally, nine patients who underwent postoperative SBRT after positive margin resection were included in this analysis. The postoperative radiotherapy was given to a total dose of 35Gy/5F to 50Gy/5F (median, 40Gy/5F). The median interval between operation and initiation of postoperative SBRT was 51 days. The incidence and pattern of recurrence have been detailed in Table 2. Median follow-up period is 15.1 (range 6.8–38.6) months. During the follow-up periods, two patients (2/9, 22.2%) had documented tumor recurrence, with one patient (1/9, 11.1%) developed intrahepatic multiple-nodule recurrence at 7.9 months after surgery, and the other case had intrahepatic single-nodule recurrence far away from the resection margin at 7.5 months post-operation.

Patients with positive margin resection plus SBRT or wide-margin resection showed a significantly lower incidence of total recurrence than that with narrow-margin resection (positive plus SBRT vs. wide vs. narrow: 22.2 vs. 44.0 vs. 65.1%). Regarding the pattern of marginal recurrence, a large numerical difference was found among the three groups. Patients with positive margin resection plus SBRT or wide-margin resection experienced a significantly lower rates of marginal recurrence than that with narrow-margin resection (positive plus SBRT vs. wide vs. narrow: 0.0 vs. 4.5 vs. 20.8%). With regard to the pattern of intrahepatic multiple-nodule recurrence, patients with positive margin resection plus SBRT or wide-margin resection showed a significantly lower rate of recurrence than that with narrow margin resection (positive plus SBRT vs. wide vs. narrow: 11.1 vs. 11.9 vs. 32.1%).

The time interval to recurrence significantly differed among the three groups. Compared with patients with positive margin plus SBRT and with wide margin resection, those with narrow margin resection had a higher rate of recurrence within 12 months after surgery (positive plus SBRT vs. wide vs. narrow: 22.2 vs. 20.9 vs. 43.4%).

The toxicity associated with postoperative SBRT is summarized in Table 5. Grade 1 myeloid suppression was the most common toxicity encountered during SBRT, followed by grade 1 liver enzyme (44.4%) and bilirubin (33.3%) elevation. One (11.1%) patient combined cirrhosis history experienced grade 2 thrombocytopenia. No grade 3 and 4 toxicities were seen. No radiation induced liver disease was encountered.


Table 5 | Toxicity from stereotactic body radiotherapy (SBRT) in patients with positive margin.






Discussion

This study analyzed the association of surgical margin with recurrence pattern. Higher rate of recurrence (especially the pattern of marginal recurrence) and lower overall survival were found in HCC with narrow margin resection compared to that with wide margin resection. The addition of SBRT to patients with positive surgical margin reduced the recurrences, particularly the pattern of marginal recurrence. Our findings implicate the potential feasibility of postoperative SBRT for patients with narrow margin resection.

Narrow margin resection may be the most appropriate procedure for HCC adjacent to major vessels because the premise for survival is the conservation of more normal liver parenchyma (17). Unfortunately, narrow margin resection has been reported to contribute to poor survival outcomes due to the high frequency of recurrence and the clinical significance remains controversial (9, 11, 26–29). Shi et al. investigated the influence of the width of resection margin on postoperative recurrence and found that narrow margin group had significantly higher rate of recurrence than wide margin group (52.4 vs. 36.5%, P=0.037), and wide margin resection efficaciously decrease recurrence and improve survival (11). Chau et al. also showed a similar results (narrow and wide: 61.3 vs. 36.5%) (29). However, Poon et al. reported that the width of margin did not influence the postoperative recurrence rates (narrow and wide: 64.0 vs. 59.4%, P=0.943) (9). It is worth noting that these controversial results might be due to the heterogeneity of tumor characteristics and surgery procedures, such as cirrhosis (Shi’s and Poon’s: 80.5 vs. 46.2%), resection extent ≥3 segments (Shi’s and Poon’s: 10.1 vs. 65.3%), and preoperative transfusion (Shi’s and Poon’s: 26.6 vs. 58.0%). Our results were consistent with the former, showing that HCC patients with narrow margin resection had higher rate of recurrence compared to those with wide margin resection (P=0.001), and multivariable analysis showed that narrow margin was significantly associated with worse RFS and OS, indicating that narrow margin resection alone is insufficient for tumor eradication and adjuvant therapy is imperative to reduce the risk of recurrence. Identifying the failure patterns help to further guide appropriate management of postoperative therapy.

In our study, the intrahepatic recurrence patterns were defined as marginal, intrahepatic single-nodule and multiple-nodule recurrences. We found that patients with narrow margin resection experienced a higher marginal recurrence, as well as intrahepatic multiple nodules recurrence. The findings were consistent with previous reports (11, 29). For example, in the study conducted by Shi et al. all marginal recurrences were observed in narrow margin group and multinodular recurrence was also significantly higher than that in wide margin group (P=0.018) (11). Taken together, postoperative marginal recurrence for patients with narrow margin seems to be common, about 21% of the narrow-margin HCC patients recur within 1cm from the surgical margin in our study, suggesting that adjuvant local therapy might improve the local-regional control.

Higher intrahepatic multiple-nodule recurrences were also seen in patients with narrow margin, and associated with higher marginal recurrence. For multiple-nodule recurrences, it is difficult to identify which lesion occurred first. According to the previous study, micro-metastasis was commonly remnant from resection margin within 1 cm, surgical margin recurrence might occur first, then spread to the whole residual liver via portal vein branches (4, 6, 30, 31). Therefore, we cautiously speculate that marginal recurrence may be one of driver factors of intrahepatic multiple recurrence, and multifocal recurrence might be prevented or mitigated if liver marginal recurrence could be well controlled by adjuvant local therapy. However, margin status alone is an insufficient explanation as to why intrahepatic other regions yields recurrence located over 1 cm from the area of resection, inherent imbalance in the tumor characteristics, such as microvascular invasion status, were also related to the recurrence pattern (32).

Our multivariate analysis showed that MVI were negatively related to RFS and OS. Previous studies reached similar conclusion that MVI was closely related to early recurrence and dismal prognosis (27, 30, 33, 34). Additionally, absence of tumor capsule was significantly correlated to poorer long-term outcomes, which was in line with the previous studies (8, 35–38). Therefore, adjuvant therapy may be useful for those with high risk factors.

We also evaluated the influence of postoperative SBRT on the incidence and pattern of recurrence. The rate of marginal and multiple-nodule recurrences in the group of positive-margin plus SBRT was comparable to that of wide-margin group, and better than that of narrow-margin group, suggesting that the addition of postoperative local radiotherapy could provide an improved local control and mitigate the recurrence risk due to insufficient surgical margin. In spite of the small number of cases, our data does highlight the efficacy of postoperative SBRT in reducing the recurrence risk for patients with positive margin, and presumably a potential effect on narrow margin resection.

Considering the pattern of marginal recurrence itself occurs frequently and it may, subsequently, induce the occurrence of intrahepatic multiple-nodule in patients with narrow margin resection, postoperative local radiotherapy may provide a favorable outcome through its role of local-regional control. To date, with the improvement of radiotherapy techniques, such as intensity modulated radiotherapy (IMRT) and SBRT, a significantly reduced radiation-induced toxicity and increased radiotolerance of normal tissue were obtained (39, 40). A few prospective studies have been carried out to demonstrate the feasibility and advantages of adjuvant radiotherapy (32, 41, 42). For instance, Wang et al. reported that the efficacy of receiving IMRT following narrow margin resection was comparable to that of wide margin hepatectomy and superior to those of narrow margin resection alone, and none of the patients receiving IMRT developed radiation-induced liver disease (42). Yu et al. revealed that patients who underwent three-dimensional conformal radiotherapy following narrow margin resection yielded recurrence-free survival outcomes significantly superior to those of narrow margin resection alone, in patients with HCCs smaller than 5cm (41). Additionally, one clinical trial showed that for HCC patients with MVI, adjuvant three-dimensional conformal or IMRT could result in better survival outcomes than TACE or conservative therapy following narrow margin hepatectomy, considering radiotherapy could eliminate residual micro-metastasis-foci in the remnant liver (32). However, there is a lack of exploration for the efficacy of adjuvant SBRT. SBRT has shown encouraging rates of local control for HCC (43). Compared with standard fractionation radiation, SBRT can achieve more precise delivery of high-dose radiation beams to the lesion, obtaining a much smaller target volume. Meanwhile, it could be finished in a short period which can bring more convenience to patients (25, 40). In our study, the total recurrence rate in the patients with positive-margin plus SBRT (2/9, 22.2%) was satisfied, comparing by patients with negative-margin resection alone (128/240, 53.3%). The marginal recurrence rate with SBRT was relatively lower. Given these compelling results, postoperative radiotherapy may represent an innovative strategy to optimize the amelioration of tumor recurrence. A further large-sample clinical data is warranted to demonstrate the benefits of adjuvant radiotherapy in patients with narrow margin resection, considering the small sample size of above-mentioned studies.

In summary, we found that HCC patients following narrow margin hepatectomy had a higher recurrence rate and poorer prognosis, with 20.8% patients developed marginal recurrence. Postoperative SBRT treatment for patients with positive margin showed low recurrence rate and no marginal recurrence was found. There is a limitation of this study with small patient samples received postoperative SBRT and short patient follow-up. Therefore, high-quality multi-center prospective studies are needed to further confirm the efficacy of adjuvant radiotherapy.



Conclusion

Patients with narrow margin were associated with higher recurrence (especially for the pattern of marginal recurrence) and worse survival outcomes than those with wide resection margin. Postoperative local treatment, such as radiotherapy, might bring potential benefit for these patients.
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Supplementary Figure 1 | Recurrence-free survival (RFS) and Overall survival (OS) of patients with or without postoperative TACE. (A) Recurrence-free survival for patients with TACE and without TACE. (B) Overall survival for patients with TACE and without TACE.
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