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Objective: Although surgical resection is one of the most effective way to treat liver cancer, its efficacy and safety in treatment of 
centrally located hepatocellular carcinoma (HCC) remains elusive. Therefore, it is very important to find a comprehensive treatment 
mode, such as radical resection combined with neoadjuvant radiotherapy (neoRT).
Methods: The centrally located HCC patients who underwent radical resection from July 2015 to April 2021 were enrolled. 
According to whether the neoRT was implemented or not, these patients were allocated into neoadjuvant radiotherapy combined 
with liver resection (neoRT+LR) and liver resection alone (LR) group. The research method used propensity-score analysis and Cox 
proportional-hazards regression models. We generated an E-value to assess the sensitivity to unmeasured confounding. This study is 
a real-world, retrospective study based on phase II clinical trial.
Results: A total of 168 patients were enrolled, including 38 patients treating with neoRT+LR and 130 patients with LR. The 1-, 3-, 
5-year disease free survival (DFS) rates were 74%, 55% and 39% in the neoRT+LR group, and 44%, 28%, and 24% in the LR group, 
respectively. Neoadjuvant radiotherapy was an independent prognostic factor for postoperative recurrence ([HR]0.42, 95% CI [0.25, 
0.69]). There was significant association between neoRT+LR and longer disease-free survival (Match, [HR] 0.43, 95% CI [0.24, 0.76]; 
GenMatch, [HR] 0.32, 95% CI [0.23, 0.43]; Adjusted for propensity score, [HR] 0.41, 95% CI [0.23, 0.73]; Inverse probability 
weighting, [HR] 0.38, 95% CI [0.22, 0.65], respectively). DFS before and after matching analysis was statistically different in two 
groups (p-value=0.005, p-value=0.0024, respectively). Neoadjuvant radiotherapy can significantly reduce the postoperative early 
recurrence (p-value <0.05). E-value analysis suggested robustness to unmeasured confounding.
Conclusion: Liver resection combined with neoadjuvant radiotherapy was effective and safe for treatment of centrally located HCC 
patients, which improved the prognosis of patients and reduced the incidence of early recurrence.
Keywords: centrally located hepatocellular carcinoma, neoadjuvant radiotherapy, radical resection, recurrence

Introduction
Malignant tumor of liver is one of the most common tumor in the world. An estimated 19.3 million new cancer cases and 
10 million cancer-related deaths occurred globally in 2020. Liver cancer represents 4.7% of all new malignancies and 8.3% of 
cancer deaths in the world.1 Primary liver cancer (PLC) is a lethal disease associated with high morbidity and poor prognosis and 
always a prerequisite question to be solved in clinical applications.2 Hepatocellular carcinoma (HCC) accounts for approximately 
90% of all cases of PLC.3 The treatment strategies for liver cancer include surgical resection, liver transplantation, radiofrequency 
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ablation (RFA) and transcatheter arterial chemoembolization (TACE), of which, surgical resection is the most important and 
effective treatment.4 However, 70% patients develop a tumor relapse in 5 years after surgical resection.5

Centrally located HCC is a tumor located at the bifurcation of the portal vein, the confluence of the three main hepatic 
veins, the inferior vena cava or within 1 centimeter (cm) of the posterior inferior vena cava trunk, usually located in 
Couinaud segments I, IV, V, VIII, or at the junction of the central segments.6,7 Due to its proximity to important blood 
vessels and bile ducts, the treatment of centrally located HCC still faces big challenges in the clinic, which is raising 
concerns over the world. It is reported that the recurrence rate of centrally located HCC after five years is more than 90%, 
and the five-year DFS is 15–30%.8 Narrower resection margins (<1 cm) and even null margins after surgery greatly 
increase the possibility of recurrence after surgery. Such narrow margins tend to result in microscopic residual lesions 
that can diffuse through intrahepatic vessels causing relapses.9 Thus, exploring effective comprehensive treatment mainly 
based on surgery for centrally located HCC patients to improve prognosis is crucial, and a research hotspot.

Until now, radical resection is still the most effective option for patients with resectable HCC patients and adjuvant 
therapies can be performed according to the results of postoperative pathological examinations. Previous research results 
have shown that radiofrequency ablation can achieve similar therapeutic effects as surgical resection for liver cancer with 
a diameter of ≤3 cm.10 Patients with centrally located HCC usually have larger tumors and surgical treatment is more 
recommended.11 In recent years, the emergence of radiotherapy technique, such as three-dimensional conformal radio-
therapy (3D-CRT), intensity modulated radiation therapy (IMRT) and stereotactic body radiation therapy (SBRT), which 
make precise radiotherapy possible for patients. Radiotherapy (RT) is an important adjuvant treatment and has shown the 
safety and efficacy for centrally located HCC in multiple previous studies.12–14 RT is effective treatment modalities; 
however, this does not translate into an improvement in surgical safety. At the same time, the deviation of radiation target 
area may be caused by surgical resection. Thus, we investigate the role of neoadjuvant radiotherapy combined with liver 
resection address the above question.

To the best of our knowledge, this is the first cohort study investigating the potential clinical benefit of neoadjuvant 
radiotherapy combined with liver radical resection for centrally located HCC. Aiming to promote the comprehensive treatment 
mainly based on surgery for centrally located HCC.

Materials and Methods
Selection of Patients
The patients undergoing surgical resection for liver cancer from July 2015 to April 2021 in our hospital were collected. Patients 
were enrolled according the following inclusion and exclusion criteria. Inclusion criteria: (1) Age ≥18 years old; (2) No 
extrahepatic metastasis; (3) Centrally located liver cancer adhesion to or with a distance of <1 cm from hepatic vein, portal 
vein, the main hepatic brunch of the biliary system or retrohepatic inferior vena cava confirmed by the preoperative imaging; (4) 
Complete clinical and pathological data; (5) Child-Pugh class A; (6) Surgical operation is feasible. Exclusion criteria: (1) non- 
HCC by postoperative pathological examination; (2) Radiotherapy after the surgical resection. The enrollment of all subjects 
(such as inclusion/exclusion) was judged by the multidisciplinary team (MDT) consisting of surgeon, physician, radiologist, 
pathologist, etc. who were all involved in the decision how to treat the patient.

Treatment
Neoadjuvant Radiotherapy
Liver-directed neoadjuvant intensity modulated radiation therapy (IMRT) was performed in all neoRT+LR patients. Liver 
tissue biopsies were performed under ultrasound guidance to determine that the pathology is HCC. Gross tumor volume 
(GTV), including primary tumor (GTVp) and tumor thrombosis (GTVt), was delineated on planning CT scan, referring to 
pretreatment multiphasic contrast MRI through an image fusion approach. Clinical target volume (CTV) included the 
GTVp plus a 0.5 cm margin in all directions15 and GTVt without a margin. The planning target volume (PTV) included 
CTV plus a 0.5 cm margin in the anterior-posterior and left-right directions and a 1.0 cm margin in the cranial-caudal 
direction.16 The prescription dose to 95% of the PTV was 50–60 Gy in 25–30 fractions over 5–6 weeks, depending on the 
dose constraints of organs at risk (OARs).
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Surgical Treatment
An MDT discussion was held before surgery for all patients. Surgery was usually performed 4–12 weeks after IMRT. The same 
surgical team completed all operations to standardize operative quality and safety. All surgeries were radical resections, with 
a negative surgical margin and no residual tumor. As the first step of surgery, exploratory laparotomy was performed on abdomen 
and pelvis to confirm the status of extrahepatic metastasis; when necessary, intraoperative ultrasound was utilized to examine the 
liver tumor. The surgical resection range was determined by overall considering the tumor and liver cirrhosis. During the surgery, 
individualized precise liver resection was implemented using the selective and dynamic region-specific vascular occlusion 
(SDRVO) technique.6 Surgical options for treating HCC were anatomic hepatectomy and non-anatomical hepatectomy. The 
liver resection without incision margin that was tumor being stripped off the surface of large blood vessels or biliary tract was 
performed for those patients having a tumor adhesion to important tracts by using a Cavitron Ultrasonic Surgical Aspirator 
(CUSA) to avoid cutting the major vessels.

Follow-Up
A relapse was defined as follows: fast-in and fast-out characteristics shown in imaging of hepatocellular nodular (≥2 cm) or HCC 
confirmed by cytological/histological results.17 Serum AFP level, liver function tests, kidney function tests, routine blood tests, 
abdominal enhanced magnetic resonance imaging (MRI) or enhanced computed tomography (CT) scans and chest X-ray were 
regularly examined. The patients were reviewed every 3 months in 2 years after surgical resection, every 4–6 months in 2–5 years, 
and every 6–12 months after 5 years. Patients should be reviewed when undergoing a physical discomfort during follow-up. All 
subjects were followed up until February 2022. The median follow-up was 50 months.

This study had been approved by the Ethics Committee of Cancer Hospital of Chinese Academy of Medical Science. 
All reporting followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 
guidelines.18 This was a non-intervention cohort study, which did not interfere the diagnosis or treatment. The results 
of this study would be published in the form of statistical analysis data, which did not contain any information that can 
make patient identifiable. According to the Helsinki’s Declaration, relevant data of patients were fully kept secret 
informed consent was exempted by Ethics Committee from all subjects.

Treatment for Recurrence
The treatment strategy employed for recurrent HCC was based on the characteristics of tumor, liver function, general 
condition and choice of the patient, along with advice from the multidisciplinary team, such as reoperationhepatectomy, 
RFA, TACE, molecular targeted therapy and immunotherapy.

Definition and Analysis
Disease-free survival (DFS) was defined as the time from the date of surgery to the date of HCC recurrence. Besides neo-RT, the 
variables with a potential influence on survival were selected to generate propensity score.19 The complications during the 
hospitalization were evaluated as follows using the Clavien grading system: Grade I: the intervention with drug, surgery, 
endoscopy and radiotherapy was not required after surgery, but antiemetics, antipyretics, analgesics, diuretics, electrolyte and 
physiotherapy were allowed; Grade II: the drugs other than those for Grade I were required, including blood transfusion and 
parenteral nutrition; Grade III: the intervention with surgery, endoscopy and radiotherapy was required; Grade IV: the life- 
threatening complications, such as central nervous system (CNS) complications (cerebral hemorrhage and subarachnoid 
hemorrhage), and admission to ICU was required; Grade V: death during the hospitalization. The Grade I or II complications 
were considered as mild, and the Grade III, IV, V complications were considered as severe.

Statistical Methods
We conducted the analysis with the following steps: (1) Comparison of baseline data between the two groups using SMD; 
(2) A priori identification of confounders that could confound outcomes (these confounders on the basis of their 
associations with the outcomes of interest or a change in effect estimate of more than 10%); (3) Cox proportional- 
hazards regression models were used to estimate the association between exposure factors and prognosis, including 
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Crude analysis and Multivariable analysis; (4) Associations between exposure factors and prognosis were estimated by 
Cox regression models with the use of four propensity-score methods, including Propensity-score Match (PSM), 
GenMatch (Diamond and Sekhon 2005 and Sekhon and Grieve 2011), Covariate adjustment using propensity score 
(CAPS) and Inverse Probability Weighting (IPTW); (5) DFS was estimated using the Kaplan–Meier method and the 
difference between two groups was assessed using the Log rank test; (6) Subgroup analysis to study the clinical benefits 
of neo-RT on early recurrence; (7) We explored the potential for unmeasured confounding between two groups by 
calculating E-values.20 The E-value quantifies the required magnitude of an unmeasured confounder that could negate the 
observed association between neo-RT and DFS.

To generate a matched population among two groups, we used a 1:1 matching algorithm. We used calipers of 0.02 on 
the propensity score scale and 1:1 sampling without replacement. All patient characteristics included in generating and 
distributing the propensity scores were compared before and after propensity score-matching using a standardized mean 
difference (SMD). A threshold less than 0.1 was considered acceptable.21 The statistical analyses were performed with 
the use of R software, version 4.2.0 (http://www.R-project.org) and IBM SPSS Statistics 23.

Results
Patients
A total of 208 patients were enrolled according to the inclusion criteria. Forty patients were then excluded according to 
the exclusion criteria. A total of 168 patients were eventually selected. According to whether the neoRT was implemented 
or not, these patients were allocated into neoadjuvant radiotherapy combined with liver resection (neoRT+LR, 38 
patients) and liver resection alone (LR, 130 patients) group. The median follow-up was 50 months. The 1-, 3-, 5-year 
DFS rates were 74%, 55% and 39% for patients in the neoRT+LR group, and 44%, 28%, and 24% for patients in the LR 
group, respectively. The tumor size decreased significantly after neoRT (p-value <0.01). Flow chart for patient screening 
is shown in Figure 1. Baseline demographics and clinicopathological characteristics are shown in Table 1. According to 
standardized mean difference, there was significant difference (SMD > 0.1) between the two groups before matching.

Figure 1 Flow chart for patient screening.
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Cox Regression
As shown by forest plot Figure 2 in crude analysis, there was significant association between neoRT+LR and better DFS 
(HR 0.52, 95% CI [0.32, 0.84], Table 2 and Figure 2). Subsequently, we screened out confounding factors according to 
the above methods, including Sex, ALB, Tumor number, Tumor size and Satellite nodule. The above confounding factors 
were included in the multiple regression equation for adjustment. Then, multivariate Cox analysis showed that neo-RT 
was the independent prognostic factors for centrally located HCC (HR 0.42, 95% CI [0.25, 0.69], Table 2 and Figure 2).

Propensity-Score Analyses
First, because of the imbalance of baseline information, we used propensity-score matching (PSM) analysis to reduce the 
difference between the two groups. Matching factors included baseline information and confounders, such as Age, Sex, 
AFP, ALB, ALT, Tumor size, Satellite nodule and Tumor number. A total of 36 patients were matched successfully. The 
baseline characteristics after matching analysis was not statistically different (SMD < 0.1) between two groups in 
Table 1. There was significant association between neoRT+LR and longer disease-free survival after PSM (HR 0.43, 95% 
CI [0.24, 0.76], Table 2). Then, we used GenMatching22 in order to match all patients as much as possible, which can be 
matched repeatedly, that is, one observation object can be matched to multiple cases or treatments, and the matching goal 
is to maximize the balance of covariates between matched groups. There was significant association between neoRT+LR 
and longer disease-free survival after GenMatch (HR 0.32, 95% CI [0.23, 0.43], Table 2). Subsequently, we used 
covariate adjustment using propensity score (CAPS)23 in order to control confounding. If PSM is used for matching, the 
matched pairs may have similar total scores. However, if a single variable is different, the confounding cannot be 
completely controlled. If the regression equation is used to adjust propensity-score based on PSM, the confounding can 

Table 1 Comparisons of Baseline Demographics and Clinicopathological Characteristics in Patients Undergoing 
neoRT + LR or LR Alone Before and After Propensity Score Matching Analysis

Characteristic Before Matching After Matching

neoRT+LR  

(n=38)

LR (n=130) Standardized  

Mean Differencea

neoRT+LR  

(n=36)

LR (n=36) Standardized  

Mean Differencea

Age (years) 0.30 0.06

≤60 25 (65.8%) 103 (79.2%) 25 (69.4%) 26 (72.2%)

>60 13 (34.2%) 27 (20.8%) 11 (30.6%) 10 (27.8%)

Sex 0.40 0

Male 37 (97.4%) 113 (86.9%) 35 (97.2%) 35 (97.2%)

Female 1 (2.6%) 17 (13.1%) 1 (2.8%) 1 (2.8%)

Alcoholism 0.31 0.06

Yes 16 (42.1%) 36 (27.7%) 15 (41.7%) 14 (38.9%)

No 22 (57.9%) 94 (72.3%) 21 (58.3%) 22 (61.1%)

Preoperative liver function

ALT level 29.9 ± 16.8 37.1 ± 39.5 0.24 30.4 ± 17.1 32.9 ± 21.1 0.13

ALB level 42.1 ± 2.9 44.1 ± 3.9 0.58 42.1 ± 3.0 42.0 ± 3.8 0.04

TBIL level 12.4 ± 4.6 13.2 ± 5.1 0.16 12.4 ± 4.6 12.2 ± 4.5 0.04

Tumor

Preoperative AFP levelb 2.2 ± 1.4 1.8 ± 1.3 0.30 2.3 ± 1.4 2.2 ± 1.3 0.05

Satellite nodule 0.24 0.08

Yes 5 (13.2%) 29 (22.3%) 5 (13.9%) 6 (16.7%)

No 33 (86.8%) 101 (77.7%) 31 (86.1%) 30 (83.3%)

Diaphragmatic invasion 0.10 0

Yes 3 (7.9%) 7 (5.4%) 3 (8.3%) 3 (8.3%)

No 35 (92.1%) 123 (94.6%) 33 (91.7%) 33 (91.7%)

Tumor size (cm) 6.5 ± 2.8 6.0 ± 3.6 0.14 6.6 ± 2.8 6.7 ± 4.0 0.01

Number 0.08 0

Single 34 (89.5%) 113 (86.9%) 32 (88.9%) 32 (88.9%)

Multiple 4 (10.5%) 17 (13.1%) 4 (11.1%) 4 (11.1%)

Notes: aStandardized differences of ≥ 0.1 represent meaningful differences in covariates between groups. bVariables are transformed as log10. 
Variables are expressed as the mean±SD (median with range) or N (%) (number with percentages), unless otherwise indicated. 
Abbreviations: neoRT, neoadjuvant radiotherapy; LR, liver resection.
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be further controlled. There was significant association between neoRT+LR and longer disease-free survival after CAPS 
(HR 0.41, 95% CI [0.23, 0.73], Table 2). Finally, we used inverse probability weighting (IPTW). In the inverse- 
probability weighted analysis, the predicted probabilities from the propensity-score model were used to calculate the 
stabilized inverse-probability weight.24 There was significant association between neoRT+LR and longer disease-free 
survival after IPTW (HR 0.38, 95% CI [0.22, 0.65], Table 2). The above statistical methods based on real-world data 
show that statistically better DFS was observed in the combination group compared to the control group.

Survival Analysis
As shown by Kaplan–Meier curves (Figure 3), DFS before matching analysis was significantly different between the two 
groups (p-value=0.005). Subsequently, 36 patients were matched by 1:1 using matching analysis. The baseline data after 
matching analysis was not statistically different. Kaplan–Meier curve of DFS after matching analysis is shown in 
Figure 4. DFS after matching analysis was improved and significantly different in neoRT+LR group compared with 
that in LR group (p-value=0.0024).

Recurrence Pattern and Subgroup Analysis
A total of 72 patients were included after matching analysis in this study, of which 50 patients developed recurrence, 
including 20 patients in the neoRT+LR group and 30 patients in the LR group. Among the recurrent patients, 5 received 
liver surgical treatment, 18 received TACE, 15 received molecular targeted therapy, 3 received RFA, 7 received 
immunotherapy, and 2 did not receive treatment. The incidence of intrahepatic recurrence and extrahepatic metastasis 
was 16 and 4 in neoRT group, 26 and 4 in LR group, respectively. As everyone knows, the high recurrence rate after 
hepatectomy is the most important reason to affect its prognosis. According to the recurrence time, the recurrence can be 
divided into early recurrence and late recurrence.25,26 A large number of studies have shown that the prognosis of patients 

Figure 2 Cox proportional-hazards regression in DFS. 
Abbreviations: NeoRT, neoadjuvant radiotherapy; LR, liver resection; Cm, centimetre; AFP, Alpha-fetoprotein; ALT, Alanine aminotransferase; AST, Aspartate amino-
transferase; TBIL, Total bilirubin.
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with early recurrence is worse than that of patients with late recurrence.27–29 At present, most scholars believe that it is 
feasible to set 12 months and 24 months as the time point of early recurrence.25,30–32 Therefore, we conducted subgroup 
analysis to explore the effect of neoRT on early recurrence. The incidence of early recurrence and late recurrence was 10 
and 26 in neoRT group, 21 and 15 in LR group according to 12 months, and 13 and 23 in neoRT group, 26 and 10 in LR 
group according to 24 months, respectively (Table 3). Our study had shown that neoRT could reduce the incidence of 
early recurrence no matter whether the time point of early recurrence was 12 months or 24 months (p-value=0.009, 
p-value=0.002, respectively. Table 3).

Sensitivity Analysis
We generated an E-value to assess the sensitivity to unmeasured confounding. The primary findings were robust, unless 
an unmeasured confounder existed with a higher relative risk of HR, with an HR higher than 2.97. E-value analysis 
suggested robustness to unmeasured confounding.

Complications
In terms of safety, all 36 patients underwent surgery successfully in both groups. Intraoperative bleeding and operation 
duration were not significantly different between the two groups (p-value=0.139, p-value=0.284, respectively). The 
patients in both groups received successful surgical treatment without serious complications.

Discussion
According to traditional definition, centrally located HCC refers to the tumor sited in Couinaud segments IV, V and VIII 
of the liver.33 We propose a revised definition that centrally located HCC refers to liver tumor adhesion to or with 
a distance of <1 cm from hepatic vein, portal vein, the main hepatic brunch of the biliary system or retrohepatic inferior 
vena cava confirmed by the preoperative imaging, intraoperative macroscopic examination and postoperative pathologi-
cal examination, that is usually located in Couinaud segments I, IV, V, VIII, or at the junction of the central segments.7,34 

How to safely remove centrally located HCC and improve the postoperative survival rate is one of the important 

Table 2 Associations Between neoRT + LR and LR Alone Group in 
the Crude Analysis, Multivariable Analysis and Propensity-Score 
Analysis

Analysis Hazard Ratio (95% CI)

Crude analysis 0.52 (0.32, 0.84)

Multivariable analysisa 0.42 (0.25, 0.69)
Propensity-score analyses

With matchingb 0.43 (0.24, 0.76)

With GenMatchingc 0.32 (0.23, 0.43)
Adjusted for propensity scored 0.41 (0.23, 0.73)

With inverse probability weightinge 0.38 (0.22, 0.65)

Notes: aShown is the hazard ratio from the multivariable Cox proportional-hazards model, 
with stratification according to neoadjuvant radiotherapy, and with additional adjustment for 
confounders sex, albumin, tumor number, tumor size and satellite nodule. The analysis 
included all patients. bShown is the hazard ratio from a multivariable Cox proportional- 
hazards model with the same strata and covariates with matching according to the propensity 
score (Confounders or Covariates included sex, age, albumin, alanine aminotransferase, 
tumor number, tumor size, satellite nodule and alpha-fetoprotein; caliper 0.02). The analysis 
included 72 patients (36 who received neoRT + LR and 36 who received LR alone). cMatching 
was performed using a genetic matching algorithm (Diamond & Sekhon, 2013) as implemen-
ted in the R Matching package. dShown is the hazard ratio from a Cox proportional-hazards 
model with the same strata and covariates, with additional adjustment for the propensity 
score. The analysis included 72 patients (36 who received neoRT + LR and 36 who received 
LR alone). eShown is the primary analysis with a hazard ratio from the multivariable Cox 
proportional-hazards model with the same strata and covariates with inverse probability 
weighting according to the propensity score. The analysis included all the patients.
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challenges in the field of liver cancer treatment. Our team has carried out long-term research on the comprehensive 
treatment of centrally located liver cancer based on surgery.12,14,34,35

This study is the first study investigating the potential clinical benefit of neoadjuvant radiotherapy combined with 
liver resection for centrally located HCC. The results suggest that the combined treatment has a significant effect and 
significantly improves the prognosis of patients.

Radiotherapy, as an important treatment option, has been extensively applied for clinical treatment of patients with 
malignant tumors. In recent years, the radiotherapy has become one of the treatment strategies for HCC due to the 
improvement of precision radiotherapy that high dose radiation ray can directly reach the target area without radioactive 
injuries in normal tissues around target area and other tissues/organs around the liver. As demonstrated by the recent 
relevant studies, the prognosis of patients could be improved after receiving the neoRT. Wu et al7 conducted a phase II 
clinical trial and confirmed that neoadjuvant IMRT plus surgery is effective and well tolerated in patients with centrally 
located HCC. Lin et al36 report that preoperative radiotherapy could improve survival outcome of HCC patients, 
compared with postoperative radiotherapy in a retrospective study by using SEER database. Wei et al37 indicate that 

Figure 3 Kaplan–Meier curve of DFS before matching in neoRT+LR and LR groups. 
Abbreviations: NeoRT, neoadjuvant Radiotherapy; LR, liver resection.
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the survival of HCC patients with portal vein tumor thrombus (PVTT) after receiving preoperative radiotherapy 
combined with surgical resection is longer than those patients after receiving only surgical resection. Our study has 
the following advantages over other studies, first of all, all enrolled patients were treated by the same group of doctors in 
the center, so the treatment level and management ensure high quality. Secondly, this study applies the statistical method 

Figure 4 Kaplan–Meier curve of DFS after matching in neoRT+LR and LR groups. 
Abbreviations: NeoRT, neoadjuvant Radiotherapy; LR, liver resection.

Table 3 Comparisons of Early Recurrence in Patients Undergoing LR+neoRT or LR

NeoRT+LR LR Standardized Difference  
(95% CI)

P-value

Early Recurrence (12 months) 0.65 (0.17, 1.12) 0.009

Yes 10 21
No 26 15

Early Recurrence (24 months) 0.78 (0.30, 1.26) 0.002

Yes 13 26
No 23 10

Abbreviations: NeoRT, neoadjuvant radiotherapy; LR, liver resection.
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of real world to minimize the selection bias and make the results more authentic and reliable. Thirdly, our study has 
a long follow-up time, which can better reflect the long-term prognosis and has better guiding significance.

In terms of prognosis, neoRT for the treatment of centrally located HCC is feasible and has the following potential 
advantages. On the one hand, neoRT can significantly reduce the size of tumors, it can keep the tumor away from 
important blood vessels and reduce the difficulty of operation; on the other hand, it can make tumor tissue necrosis and 
replace it with normal liver tissue. This has significant advantages for the improvement of surgical safety and prognosis.

According to guideline consensus, a conservative minimum surrogate threshold effect of HR ≤ 0.6 for DFS is highly 
predictive of a significant improvement in overall survival (OS).38 All our results meet the above criteria (Table 2), so 
neo-RT is of great significance to improve the overall survival time of patients with liver cancer after operation.

The improvement in survival may be explained from the following aspects. Firstly, neoRT decreased tumor burden 
and size, making some of the lesions resectable with wide margins (≥1 cm). It has been reported that wide margin 
resection produced better OS than narrow margin resection (<1 cm).39,40 Secondly, neoRT significantly reduced the 
recurrence rate, which is a surprising result. It may be that neoRT destroyed the minimal residual disease (MRD) that led 
to postoperative recurrence.41,42 The reduction of recurrence rate ensures the improvement of survival rate. There are 
some limitations in this study. This study is a cohort study. Our conclusions are needed to be confirmed in a large 
randomized controlled study.

Conclusion
Liver resection combined with neoadjuvant radiotherapy was effective and safe for treatment of centrally located HCC 
patients, which improved the prognosis of patients and reduce the incidence of early recurrence.

Abbreviations
HCC, Hepatocellular carcinoma; NeoRT, neoadjuvant radiotherapy; LR, liver resection; SMD, Standardized mean 
difference; PLC, Primary liver cancer; RA, Radiofrequency ablation; TACE, Transcatheter arterial chemoembolization; 
RT, Radiotherapy; SDRVO, Selective and dynamic region-specific vascular occlusion; OS, Overall survival; DFS, 
Disease free survival; PSM, Propensity-score Match; CAPS, Covariate adjustment using propensity score; IPTW, 
Inverse Probability Weighting; MDT, Multidisciplinary team; Cm, centimetre; AFP, Alpha-fetoprotein; ALT, Alanine 
aminotransferase; AST, Aspartate aminotransferase; TBIL, Total bilirubin.
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