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Background

Transarterial chemoembolization (TACE) is currently the recommended treatment for intermediate-stage hepatocellular carcinoma (HCC). Liver resection (LR) may be an effective option, although recurrences are not uncommon. TACE prior to LR has been proposed as an even better alternative.



Methods

Patients with intermediate-stage HCC who underwent curative resection were enrolled between January 2007 and December 2015. We compared overall survival (OS) and recurrence-free survival (RFS) for the 2 groups using the Kaplan-Meier method, and we determined independent risk factors for death and recurrence using multivariate regression analyses.



Results

A total of 488 patients with HCC at BCLC B (265 patients with LR, 223 patients with TACE+LR) enrolled from our center. Mean follow-up was 40.2 (range, 3.0–128.7) months. For patients receiving TACE+LR and LR, estimated 1-, 3-, and 5-year OS rates were 90.6% and 73.3%, 61.7% and 43.5%, and 52.9% and 33.8%, respectively (all P < 0.001) and estimated 1-, 2-, and 3-year RFS rates were 54.6% and 39.4%, 41.4% and 29.4%, and 36.3% and 26.3%, respectively (P < 0.001, P = 0.002, and P = 0.008, respectively). Significant independent predictors of poor OS were more than 3 (vs. 3 or fewer) tumors (HR=2.19, 95% CI 1.69–2.84), non-anatomical (vs. anatomical) hepatectomy (HR=1.29, 95% CI 1.01–1.66), microscopic vascular invasion (HR=1.46, 95% CI 1.15–.90), cirrhosis (HR=2.41, 95%CI 1.88–3.01), and intraoperative blood transfusion (HR=1.29, 95% CI 1.01–1.66).



Conclusion

Preoperative TACE with LR may result in better oncological outcomes than either TACE or LR alone, without a substantial increase in morbidity, and could be considered an effective combination treatment for intermediate-stage HCC.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common cancers in the world, ranked as the sixth most common neoplasm and the third leading cause of cancer-related mortality worldwide (1). Advances in diagnostic imaging and widespread application of screening programs in high-risk populations have allowed detection of HCC at earlier stages, but some patients with HCC still continue to present in intermediate or even advanced stages. According to the Barcelona Clinic Liver Cancer (BCLC) algorithm for the treatment of HCC, intermediate-stage HCC (stage B) is defined as extensive multifocal disease without vascular invasion in patients with preserved liver function and the absence of cancer-related symptoms (2).

However, intermediate-stage HCC actually involves a heterogeneous group of patients, encompassing those with a wide range of tumor sizes (larger than 3 cm to over 10 cm) and numbers (2 to over 20), provided that patients have good liver function (Child-Pugh classes A or B) (3). Likewise, the prognosis of patients with intermediate-stage HCC varies (4). According to the BCLC algorithm, transarterial chemoembolization (TACE) is the recommended treatment for patients with intermediate-stage HCC (5). Whereas TACE has been reported to extend the survival of groups of patients with intermediate-stage HCC, the outcomes for individual patients treated with TACE for intermediate-stage HCC have remained mixed (6). At the present time, it remains controversial whether there is enough evidence supporting TACE, particularly relative to liver resection (LR), as the best treatment for patients with intermediate-stage HCC (7).

In fact, multiple recent reports have suggested that LR, when compared to TACE, might provide a survival benefit to patients with intermediate-stage HCC (8–10). Historically, LR has been reserved for the treatment of patients with early−stage HCC who have good liver function (11). Yet with improvements in surgical techniques and perioperative care, the surgical mortality rate for LR in patients with HCC has been reduced to less than 1% (12, 13). In addition, the complete surgical removal of the tumor may offer the best chance for long-term survival in patients with HCC. Nevertheless, patients who have LR for HCC larger than 5 cm often relapse after a short recurrence-free interval, especially those patients with huge (10 cm or larger) HCC (14, 15).

At the same time, TACE has been used successfully as a neoadjuvant therapy for large HCC prior to LR (16). A 2018 systematic review demonstrated that TACE can feasibly be combined with other modalities to improve the resectability rate for HCC (17). Along these lines, the use of preoperative TACE followed by LR has been shown to improve survival outcomes for some patients with large HCC (18).

Over the years, our Cancer Center has treated a relatively large population of patients with intermediate-stage HCC. Provided that liver function reserve was adequate and complete resection of the tumor appeared feasible, we offered LR to these patients. For some, we also recommended preoperative TACE, with the belief that this might potentially reduce postoperative recurrences and improve long-term survival. Our hypothesis has been that some patients with BCLC stage B may benefit from not only LR but also preoperative TACE. The aim of this retrospective study was to identify patients at our Cancer Center with intermediate-stage HCC who had LR and others who had TACE prior to LR, to compare the outcomes of each approach using survival rates, and to determine the prognostic factors for recurrence and death in these patients.



Methods

This study was conducted in accordance with the principles of the Declaration of Helsinki (19), and the study protocol was approved by the Ethics Committee of the Sun Yat-sen University Cancer Center.


Study Population

We retrospectively reviewed the medical records of patients who received a diagnosis of HCC from January 2007 to December 2015 at our Cancer Center. The diagnosis of HCC was made using criteria defined by the American Association for the Study of Liver Disease and the European Association for the Study of the Liver, and was based either on positive liver biopsy or characteristic findings on imaging (multiphasic CT or dynamic contrast-enhanced MRI) combined with serum Alpha-fetoprotein (AFP) levels (20, 21). The clinical stage of HCC was determined according to the BCLC guidelines (22).

The inclusion criteria for this study included: (a) age 18 to 75 years; (b) Eastern Cooperative Oncology Group (ECOG) performance status score of 0 or 1; (c) HCC with 2 or more tumors, at least one of which with a diameter greater than 3 cm, confirmed on postoperative pathological examination; (d) no macrovascular invasion or extrahepatic metastasis; (e) adequate liver function (i.e., Child–Pugh class A or B liver function); (f) adequate renal function (i.e., serum creatinine concentration no higher than 1.5 times the upper limit of normal); and (g) adequate coagulation function (i.e., prothrombin activity > 40%, international normalized ratio [INR] < 1.26, and platelet count > 50 × 109/L). Patients were excluded from the analysis for any of the following reasons: (1) under 18 years or over 75 years of age; (2) recurrent HCC; (3) only a single HCC tumor of any size, or multiple HCC tumors but all with diameters of 3 cm or less; (4) received previous systematic chemotherapy, targeted (Sorafenib) therapy, or radiofrequency ablation (RFA) for HCC; (5) lost to follow-up within 90 days after LR; or (6) information about prognostic variables or follow-up could not be obtained.



Demographic and Clinicopathological Characteristics

We collected data about each patient’s demographic and clinical characteristics, including sex, age, body mass index (BMI), Child-Pugh grade (severity of liver disease, based on 5 clinical factors: PT or INR, albumin, bilirubin, ascites, and hepatic encephalopathy), diameter of largest HCC tumor, number of tumors, preoperative hepatitis (based on history of chronic HBV infection and/or positive hepatitis B virus RNA testing), preoperative portal hypertension (defined as esophageal varices and/or splenomegaly on imaging studies, combined with a decreased platelet count [100 × 103/μL or less]), and preoperative blood testing (including AFP, liver and renal function tests, prothrombin time [PT] and international normalized ratio [INR], and complete blood count).

We also collected data for each patient about their histopathological findings from LR (microvascular invasion and cirrhosis [of the noncancerous part of the resected specimen]), volumes of intraoperative blood loss and intraoperative blood transfusion, and postoperative complications (large pleural effusion, pneumonia, portal vein thrombosis, cholestasis, and/or ascites).



TACE Procedure

The decision to utilize TACE before LR was made by the treating physician and was based on the patient’s liver function as well as the number, size, and degree of enhancement of HCC tumors observed in imaging studies. Patients receiving TACE had it administered within 3 months of LR. TACE was carried out under the guidance of digital subtraction angiography (DSA) (Allura Xper FD 20, Philips), and it was performed through the left or right hepatic artery, and directly through a tumor-feeding artery when technically possible. Hepatic artery angiography, which was performed using a 5 Fr (RH or Yashiro) catheter, was first used to assess the location, number, size, and blood supply of the target tumors. The embolization emulsion was a mixture of Epirubicin (Farmorubicin; Pharmacia, Tokyo, Japan) 30 mg to 60 mg, Lobaplatin (Chang’an International Pharmaceutical, Hainan, China) 30 mg to 50 mg, and Lipiodol (Laboratorie Guerbet, Aulnay-sous-Bois, France) 10 mL to 30 mL, and it was infused into tumor-feeding arteries via a 2.7/2.8 Fr micro-catheter. The doses of the agents contained in the embolization emulsion were selected based on patient age, weight, comorbidity, tumor size, tumor number, and anticipated tolerance. The endpoint of the TACE procedure was reached when there was no flow in the tumor-feeding vessels.



Liver Resection

Liver resection was performed by experienced surgeons. We developed a surgical plan based on tumor size, tumor location, and liver function. The hepatectomy method contains anatomical resection and non-anatomical resection, and the extent was defined using the Brisbane 2000 Terminology of Liver Anatomy and Resections (23). We applied Pringle’s maneuver with cycles of clamping and unclamping times of 1 to 10 and 5 min each time, respectively, and controlled central venous pressure below 4 mmHg during parenchyma dissection to control intraoperative bleeding. Complete hepatic resection was defined as the complete removal of all detected tumors without involving any major branch of the portal or hepatic veins, without invasion of adjacent organs and without lymph node or distant metastasis, and tumor-free margins confirmed by histopathology.



Propensity Score Matching (PSM)

A PSM method was used to balance the potential biases between two groups. The propensity score was estimated using a multivariate logistic regression by using variables of diameter of largest HCC tumor, number of tumors, serum AFP level, microvascular invasion, tumor encapsulation, resection margin, and type of hepatectomy. Patients were matched 1:1 using the nearest neighbor method with a caliber of 0.05; the matching process has been described in a previous study (24).



Follow-Up

The follow-up period for this study was terminated on September 30, 2019. Patients were followed at least once every 3 months after LR; the visits involved checking serum AFP levels and performing screening abdominal imaging (e.g., abdominal CT and/or MRI and/or ultrasound scans). HCC recurrence was suspected when there was a progressive elevation of serum AFP levels, a new showing contrast enhancement in the arterial phase and washout in the venous phase on CT and/or MRI, and/or hypervascularity on hepatic angiography.

The dates of tumor recurrence, last follow-up, and death were recorded. The primary endpoint was overall survival (OS), and the secondary endpoint was recurrence-free survival (RFS). OS was defined as the time from LR to death or last follow-up, and RFS was defined as the time from LR to tumor progression, death, or last follow-up (whichever came first). Tumor progression was defined as the local tumor recurrence or the occurrence of new lesions in the liver or elsewhere, based on imaging.



Statistical Methods

For the study, the patients were divided into 2 groups, with those having TACE prior to LR placed in the TACE+LR group, and those having only LR placed in the LR group. The demographic and clinicopathological characteristics of the groups were summarized using frequencies and percentages for categorical covariates and means and standard deviation (SD) for continuous covariates. The Fisher exact test was used to compare categorical covariates, while the Wilcoxon rank-sum test was used to compare continuous covariates. The cutoffs for continuous variables were chosen to allow for easy interpretation. OS and RFS rates were calculated using the Kaplan–Meier method. Univariate and multivariate Cox regression analyses were used to determine the impact of risk factors on recurrence (using RFS) and death (using OS). Variables with P-values less than 0.10 in the univariate analysis were subjected to the multivariate Cox regression model using a forward stepwise variable selection; results were reported as hazards ratios (HR) and 95% confidence intervals (CI). A 2-tailed P-value less than 0.05 was considered statistically significant for all of the tests. Statistical analyses were performed using SPSS version 25.0 (IBM).




Results


Demographic and Clinicopathological Characteristics

A total of 488 patients met the inclusion criteria for the study. The mean follow-up period was 40.2 (range, 3.0 to 128.7) months. Of these, 223 (45.7%) were in the TACE+LR group and 265 (54.3%) were in the LR group (Table 1). When compared to the patients in the LR group, significantly more of those in the TACE+LR group had resection margins of 1 cm or less (89.7% vs. 76.6%, P < 0.001) and tumor encapsulation (70.0% vs. 60.8%, P = 0.03), and significantly less had microvascular invasion (27.4% vs. 51.5%, P = 0.001). Conversely, there were no significant differences between the 2 groups with regards to sex, age, BMI, tumor size, number of tumors, hepatitis, portal hypertension, comorbidity, AFP and all other biochemical blood tests, type of hepatectomy, cirrhosis, intraoperative blood loss and transfusion, and postoperative complications. A PSM model was established to balance the bias of clinicopathological characteristics between the two groups. As shown in Table 1, total of 378 patients were enrolled and 189 in each group. Resection margins, tumor encapsulation, and microvascular invasion presented no difference between the two groups after PSM, and other characteristics also showed no significance.


Table 1 | Demographic and clinicopathological characteristics of patients with BCLC stage B hepatocellular carcinoma (HCC) before and after propensity score matching (PSM), by treatment (TACE+LR vs. LR), January 2007 to December 2015.





Overall Survival (OS)

By the last follow-up, 107 (48%) patients in the TACE+LR group and 181 (68.3%) patients in the LR group had died. The 90-day mortality rate for patients in the TACE+LR group was 1.3% (3 patients) and for patients in the LR group was 4.2% (11 patients). Over the entire study period, patients in the TACE+LR group had significantly higher OS than patients in the LR group before PSM (P < 0.001) (Figure 1A). After PSM, the OS curve of patients in TACE+LR group showed better survival rate than LR group (P < 0.001) (Figure 1B). The estimated 1-, 3-, and 5-year OS rates for patients receiving TACE+LR were 90.6%, 61.7%, and 52.9%, respectively, whereas the rates for those receiving LR were 73.3%, 43.5%, and 33.8%, respectively (all P < 0.001) (Table 2).




Figure 1 | Kaplan–Meier overall survival (OS) rate curves for patients underwent TACE+LR and LR for BCLC stage B hepatocellular carcinoma (HCC) before and after PSM, January 2007 to December 2015. (A) the OS rate of patients before PSM, (B) the OS rate of patients after PSM. OS rates of the patients who received TACE+LR were significantly higher than OS rates of those who received only LR both before and after PSM (P < 0.001).




Table 2 | Overall survival (OS) and recurrence-free survival (RFS) rates in 488 patients with BCLC stage B hepatocellular carcinoma (HCC), by treatment (TACE+LR vs. LR), January 2007 to December 2015.



Based on multivariate analysis, LR (vs. TACE+LR) as treatment (HR=1.94, 95% CI 1.52–2.48, P < 0.001), more than 3 (vs. 3 or fewer) tumors (HR=2.19, 95% CI 1.69–2.84, P < 0.001), non-anatomical (vs. anatomical) hepatectomy (HR=1.29, 95% CI 1.01–1.66, P = 0.046), microscopic vascular invasion (HR=1.46, 95% CI 1.15–1.90, P = 0.002), cirrhosis (HR=2.41, 95% CI 1.88–3.01, P < 0.001), and intraoperative blood transfusion (HR=1.29, 95% CI 1.01–1.66, P = 0.004) were all significantly independently associated with OS (Table 3).


Table 3 | Univariate and multivariate analyses of demographic and clinicopathological prognostic factors for overall survival (OS) in 488 patients with BCLC stage B hepatocellular carcinoma (HCC), January 2007 to December 2015.





Recurrence-Free Survival (RFS)

By the last follow-up, 158 (70.9%) patients in the TACE+LR group and 213 (80.4%) patients in the LR group had experienced recurrence. Over the entire study period, patients in the TACE+LR group had significantly higher RFS than patients in the LR group (P = 0.001) (Figure 2A). After PSM, patients in TACE+LR group had obvious longer RFS than the LR group (P = 0.01) (Figure 2B). The median RFS in the TACE+LR group (15.4 months, 95% CI 10.2–20.6 months) was 7 months longer than in the LR group (8.3 months, 95% CI 8.6–12.2 months). The estimated 1-, 2-, and 3-year RFS rates for patients receiving TACE+LR were 54.6%, 41.4%, and 36.3%, respectively, whereas the rates for those receiving LR were 39.4%, 29.4%, and 26.3%, respectively (P < 0.001, P = 0.002, and P = 0.008, respectively) (Table 2).




Figure 2 | Kaplan–Meier recurrence-free survival (RFS) rate curves for patients underwent TACE+LR and LR for BCLC stage B hepatocellular carcinoma (HCC) before and after PSM, January 2007 to December 2015. (A) the RFS rate of patients before PSM, (B) the RFS rate of patients after PSM. Patients who received TACE+LR were significantly higher than RFS rates of those who received only LR both before and after PSM (P < 0.05).



Based on multivariate analysis, LR (vs. TACE+LR) as treatment (HR=1.55, 95% CI 1.26–1.91, P < 0.001), tumor size of 10 cm or more (vs. less than 10 cm) (HR=1.39, 95% CI 1.11–1.75, P = 0.005), more than 3 (vs. 3 or fewer) tumors (HR=2.98, 95% CI 2.35–3.79, P < 0.001), microscopic vascular invasion (HR=1.45, 95% CI 1.16–1.81, P = 0.001), and cirrhosis (HR=1.74, 95% CI 1.41–2.15, P < 0.001) were all significant independent predictors of recurrence (Table 4).


Table 4 | Univariate and multivariate analyses of demographic and clinicopathological prognostic factors for recurrence-free survival in 488 patients with BCLC stage B hepatocellular carcinoma (HCC), January 2007 to December 2015.






Discussion

Patients with intermediate-stage HCC have large and multifocal HCCs and do not have evidence of intrahepatic macrovascular invasion or extrahepatic metastases (25). Progression after treatment continues to be a substantial challenge in the clinical management of patients with large HCC and is associated with poor survival outcomes. Currently, the most common treatment for intermediate-stage HCC is TACE (26). TACE concludes with selective embolization of HCC tumors. However, before that, the procedure involves the intra-arterial infusion of a chemotherapy agent embedded in lipiodol, which tends to accumulate in the blood and lymph vessels of tumors, and serves as a vehicle for prolonging tumor exposure to the agent, yet does not adversely affect normal liver cells (8) (27).

Some researchers suggest that the evidence supporting TACE as first-line treatment for intermediate-stage HCC may not be strong enough, and they suggest that because LR may result in better outcomes than TACE, it should be considered first-line treatment for most patients with intermediate-stage disease (28). Others have echoed this, suggesting that treatments more aggressive than TACE, such as LR or energy ablation, should be considered first-line treatment for intermediate-stage HCC (29, 30). Some may argue that the high number and large size of tumors in some patients with intermediate-stage HCC make LR an inferior option. However, several large studies have demonstrated that the number and size of HCC tumors should not be used as a selection criterion for LR, provided that tumor location and liver function would otherwise allow resection (31–34). The results of these studies suggest that patients with multiple HCCs and Child-Pugh classes A or B should be considered for LR. Furthermore, recent advances in surgical technique, perioperative care, and accurate patient selection have gradually reduced the morbidity and mortality of LR, and encouraging postoperative results and oncological outcomes are being reported in patients with intermediate-stage HCC (10, 35, 36).

In this retrospective clinical study, we looked not only at 256 patients who had received LR for intermediate-stage HCC but also at 223 patients who underwent LR preceded by TACE, over a 9-year period, with a mean duration of follow-up of 40.2 months. When we compared the 2 groups in the study, we found them to be well-matched, with no significant differences in demographic or preoperative clinical characteristics (including tumor size or number, as well as baseline hepatitis, comorbidity, or AFP levels), or in type of hepatectomy performed, histopathological evidence of cirrhosis, or postoperative complications.

However, we did find that relative to the group that underwent LR alone, a significantly higher proportion of patients in the group that received TACE+LR had intraoperative findings of narrow resection margins, and a significantly lower proportion in that group had postoperative histopathological evidence of microvascular invasion. These observations suggest that by exposing the disease to cytotoxic agents and then blocking tumor vessels, TACE may have created a strong cytotoxic effect and caused substantial tumor necrosis prior to surgery, resulting in tumor contraction, narrower margins, and eradication of some of the microvascular invasion. These findings and potential mechanisms are consistent with those reported by others (24). They conflict with a 1995 study from Wu et al., which suggested that TACE should be avoided prior to LR because it did not provide complete necrosis in large tumors (though it did result in a mean 42.8% reduction in tumor volume) and it resulted in delayed surgery (37). However, their study differed from ours in that most of their patients in the TACE+LR group had multiple TACE treatments, administered every 4 to 6 weeks, and the overall survival for their patients who received TACE+LR was worse than for those who received only LR.

When we compared survival outcomes, patients having TACE+LR showed significantly longer OS and RFS than those having only LR. For example, the 5-year OS rate for the TACE+LR group was 52.9%, whereas that for the LR group was 33.8%. Likewise, the 3-year RFS rate for the TACE+LR group was 36.3%, whereas that for the LR group was 26.3%. Our OS and RFS results for patients having TACE+LR were markedly better than those reported by Zhao et al. for patients with intermediate-stage HCC having TACE alone. The 5-year OS rate was 12% and the 3-year RFS rate was 25% for the patients treated with only TACE, despite the vast majority of their patients having only a solitary tumor (8). Taken together, these observations and our results suggest that the combination of TACE and LR could offer more effective tumor eradication than either TACE or LR alone for patients with intermediate-stage HCC, particularly among those with multifocal HCC.

As noted above, some authors in the past have suggested that doing TACE before LR may increase the risk of perioperative morbidity. However, in our study there was no significant difference in the proportion of patients having postoperative complications, when comparing those having LR with those having TACE before LR. Similarly, Li et al. showed not only that the addition of preoperative TACE to LR for huge HCC (10 cm or larger) was associated with an improved OS and RFS, but also that this combination therapy did not increase perioperative morbidity or mortality (24).

Compared to the group of patients in our study who had LR alone, those who received TACE before LR exhibited higher numerical mean volumes of intraoperative blood loss (652 mL vs. 567 mL) and intraoperative blood transfusion (177 mL vs. 149 mL), but these differences were not statistically significant. Some have suggested that patients with hepatitis who undergo preoperative TACE before LR might suffer more intraoperative bleeding and present more operative challenges than those who do not have TACE before LR (38). In our study, the proportion of patients with hepatitis in each group was not significantly different. This, combined with a lack of significant differences in blood loss and transfusion, may provide additional evidence that cirrhosis should not be considered a contraindication to TACE before LR. Some authors have reported that TACE had little influence on subsequent surgery if the interval between the last TACE and LR was long enough (39). The patients in our study who received preoperative TACE had an interval between the last TACE and LR of at least 4 weeks; this suggests the possibility that waiting at least 4 weeks between TACE and LR may result in a risk for bleeding and a need for transfusion that is closer to the risks for LR alone. Finally, the results of our study may provide some support for the proposal that the amount of intraoperative blood loss and blood transfusion during LR may more likely be a function of tumor size (40). The TACE+LR group in our study, which had numerically higher volumes of blood loss and transfusion, also had a higher proportion of patients with huge (10 cm or greater) HCC when compared to the LR group (28.2% vs. 24.9%, respectively), though once again these differences were not statistically significant.

On multivariate analyses, confirming our results based on Kaplan-Meier estimates, we observed that LR alone was independently associated with HCC recurrence and death. Furthermore, we observed that more than 3 HCC tumors, non-anatomical hepatectomy, microscopic vascular invasion, cirrhosis, and intraoperative blood transfusion were all independent predictors of poor OS. Most of these results echo the findings from several other studies of patients who have had LR for intermediate-stage HCC (1, 25, 41). However, the influence of intraoperative blood transfusion on post-LR outcomes continues to be debated. Several studies have observed that intraoperative transfusion had no influence on the OS of patients with HCC after LR (1, 24, 41). In contrast, Mori et al. reported that perioperative blood transfusion was an independent risk factor for poor prognosis after curative surgery for primary HCC in a multi−center study (42). Similarly, Maehara et al. reported that the presence of intraoperative transfusion was an independent poor prognostic factor for OS in patients having LR for HCC of 5 cm or larger (16). Our findings are in line with the studies from Mori et al. and Maehara et al.

This study has several limitations. First, this was a retrospective, single-center study that lacked randomization. The fact that the choice of treatment was made at the discretion of the treating physician may have introduced selection bias. Second, this study does not address which patients might benefit most from the addition of TACE prior to LR. It would be worthwhile to conduct an additional study to develop clinical prediction models (including with the possible use of radiomics) to identify the population that would be best served by the addition of TACE to LR for intermediate-stage HCC.



Conclusion

In this large retrospective study of patients with intermediate-stage HCC, the addition of TACE 1 to 3 months prior to LR resulted in significantly longer OS and RFS compared to LR alone. These results and comparisons with findings from other studies suggest that preoperative TACE with LR may result in better oncological outcomes than either TACE or LR alone, without a substantial increase in morbidity, and that this approach could be considered an effective combination treatment for intermediate-stage HCC.
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