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Purpose

To present the trends in radiotherapy for the management of hepatocellular carcinoma (HCC) at a single tertiary referral hospital in South Korea.



Materials and Methods

We retrospectively reviewed prospectively collected registry data of patients newly diagnosed with HCC between January 2005 and December 2017 at the Samsung Medical Center. Trends in radiotherapy, delivery techniques, tumor stage, and age were evaluated.



Results

During the study period, 9,132 patients were newly diagnosed with HCC at our institution. Of these, 2,445 patients (26.8%) received radiotherapy for all lesions, including extrahepatic metastases; 1,865 patients (20.4%) received radiotherapy for intrahepatic lesions alone, and 469 patients (5.1%) received radiotherapy as initial management. Although the proportion of patients receiving radiotherapy increased slightly over the study period (24.2% vs. 26.6%), the proportions of patients receiving radiotherapy for intrahepatic lesions (16.8% vs. 21.9%) and as initial management (0.1% vs. 12.5%) increased dramatically. The majority of patients treated between 2005 and 2008 received three-dimensional conformal radiotherapy (56.3%), whereas the majority of patients treated between 2018 and 2021 received proton beam therapy (43.6%). With the technical developments, the overall survival (OS) of patients who received radiotherapy as initial management increased significantly (5-year OS: from 5.4% to 30.1%), and the OS difference between patients who did and did not receive radiotherapy as initial management significantly decreased (ratio of restricted mean survival time: from 0.383 to 0.544).



Conclusion

This registry-based, retrospective study indicated an increasing trend in the utilization of radiotherapy, adoption of advanced radiotherapy techniques, and OS improvements in patients with HCC.
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Introduction

Primary liver cancer is the sixth most commonly diagnosed cancer and the third leading cause of cancer-related death worldwide. Hepatocellular carcinoma (HCC) accounts for 75–85% of all cases of primary liver cancer (1). Most cases of HCC develop from chronic liver disease. Risk factors for chronic liver disease include hepatitis B virus (HBV) infection, hepatitis C virus (HCV) infection, alcohol consumption, and aflatoxin exposure. In Asian countries, except Japan, and Africa, the predominant risk factor for HCC is HBV infection (70%), whereas HCV infection appears to be the key risk factor in Western countries and Japan (50–70%) (2, 3).

Curative treatments for HCC include liver transplantation, resection, and ablative therapies. However, only 30–40% of patients with HCC are diagnosed in the early stages of the disease and are eligible for curative treatment (2, 3). Even with curative therapy other than liver transplantation, more than half of patients develop recurrence (4–6). For the management of patients with intermediate- or higher-stage disease or recurrent disease, other treatment options, such as radiotherapy, trans-arterial chemoembolization (TACE), chemotherapy, and immunotherapy, should be considered.

Although HCC is a radiosensitive tumor, radiotherapy for intrahepatic HCC lesions is limited owing to the radiosensitive nature of the normal liver parenchyma (7, 8). Hence, radiotherapy has historically been administered only for palliative treatment in patients with symptomatic metastatic lesions and in patients with advanced HCC with major vascular tumor thrombi (9, 10). However, with advances in radiotherapy, stereotactic body radiotherapy (SBRT) and intensity-modulated radiotherapy (IMRT) with photon or proton beam therapy (PBT) have been introduced for the management of intrahepatic HCC lesions and have favorable outcomes with minimal toxicity (11–15). Based on these advances, several guidelines for HCC recommend that radiotherapy can be considered for patients for whom other curative therapies are not suitable (16, 17), and the role of radiotherapy in the management of HCC has changed and grown.

However, there has been no overall review on how these changes affect actual clinical practice. To better understand how the changing landscape has influenced the utilization of radiotherapy, we aimed to present the observed trends in the administration of radiotherapy for the management of HCC in a single tertiary referral hospital in South Korea.



Materials and methods

With approval of the Institutional Review Board (IRB number 2021-12-093-001), prospectively collected registry data for patients with newly diagnosed, previously untreated HCC at the Samsung Medical Center were analyzed in this study. The HCC diagnosis was confirmed either histologically or clinically, based on the guidelines of the Korean Liver Cancer Association-National Cancer Center (16, 18, 19). Clinical diagnosis of HCC was made based on the typical imaging hallmarks of HCC on multiphase CT or multiphase MRI. The major imaging feature for HCC diagnosis are defined as arterial phase hyper-enhancement with washout in portal venous, delayed or hepatobiliary phases. When imaging-based diagnosis was inconclusive or atypical features were seen, pathological diagnosis with biopsy was indicated. Data from the following patients were entered into the registry: (1) patients who were not previously treated for HCC; (2) patients who received at least one treatment or care for HCC at our institution; and (3) patients who had not been newly diagnosed or had undergone treatment for a malignancy other than HCC at the time of registration. The patients’ baseline characteristics were collected, including age, sex, Eastern Cooperative Oncology Group performance status (ECOG PS), viral etiology, Child-Pugh classification, albumin-bilirubin (ALBI) grade, Barcelona Clinic Liver Cancer (BCLC) stage, modified Union for International Cancer Control (mUICC) stage, and initial treatment method. The details of the HCC registry have been previously described (20). Data collected from patients registered between January 2005 and December 2017 were analyzed.

During the study period, as previously mentioned in other study from our institution, treatment of HCC was performed according to “Practice Guidelines for the Management of Hepatocellular Carcinoma” published by the Korean Liver Cancer Association-National Cancer Center Korea (16, 18–20). Surgical resection or radiofrequency ablation (RFA) was the primary treatment option for early-stage disease. Clinicians considered TACE and/or radiotherapy for patients with marginal liver function and HCC located in areas unsuitable for RFA. TACE was primarily considered for intermediate- or locally advanced-stage disease. Consolidative radiotherapy was added to treat hepatic lesions for patients with large tumors, macroscopic vascular/ductal invasion or an insufficient response to TACE. As atezolizumab plus bevacizumab, or lenvatinib were not available at the time of enrollment, sorafenib was prescribed for patients with metastatic or extensive tumors. When treatment of choice was evident based on the guidelines, the primary physician of the first visit decided the treatment option for the patient. If there were controversial issues in decision-making, the multidisciplinary team decided the treatment modality for the patient. The details of the multidisciplinary team approach for HCC in our institution had been described previously (21).

Registered patients were reviewed to determine whether they received radiotherapy for HCC management during follow-up. Radiotherapy was categorized into three groups based on the timing and target lesion. Radiotherapy utilization was defined as radiotherapy administered at any time during the HCC treatment period for the management of any lesion, including extrahepatic metastatic sites. Radiotherapy for intrahepatic lesions was defined as radiotherapy administered at any time during the HCC treatment period for the management of intrahepatic lesions. Radiotherapy as the initial management for intrahepatic lesions was defined as adoption of radiotherapy in the course of initial management at the time of diagnosis; this includes treatment using TACE plus consolidative radiotherapy, systemic therapy plus radiotherapy, palliative radiotherapy alone, and definitive radiotherapy alone. For patients who underwent multiple radiotherapy sessions, each session was counted individually. Radiotherapy delivery techniques were stratified into the following five subtypes: two-dimensional (2D) radiotherapy, three-dimensional conformal radiotherapy (3D-CRT), IMRT, SBRT, and PBT.

The radiotherapy utilization rate was obtained by dividing the number of patients who received radiotherapy by the total number of patients whose data were entered into the registry and was expressed as a percentage. Trends in radiotherapy utilization rates were plotted based on the year of diagnosis. Temporal trends in radiotherapy utilization were plotted based on the time from diagnosis to radiotherapy administration, with cumulative and differential counts. Trends in radiotherapy delivery technique, BCLC stage, and age at radiotherapy were plotted based on the time of radiotherapy administration.

Differences in clinical characteristics according to radiotherapy utilization were compared using the chi-square test. The Cochran–Armitage test was performed to assess the trend of radiotherapy utilization. Overall survival (OS) was calculated and compared between patients who received radiotherapy as initial treatment and those who received other treatment options for initial management. The log rank test was used to compare survival differences between groups. To observe the changing trends in the survival difference based on the initial treatment method, the 5-year estimated value of restricted mean survival time (RMST), which indicates the area under the survival curve, was analyzed (22). The RMST ratio was calculated to determine the trends of differences in OS between the groups over time. Statistical significance was set at p < 0.05. Statistical analyses were performed using SPSS Statistical software ver. 27.0 (IBM, Inc., Armonk, NY, USA) and R studio ver. 1.3.1093 (R Foundation for Statistical Computing, Vienna, Austria; http://www.r-project.org).



Results


Patients

During the inclusion period, data from 9,132 patients were entered into the HCC registry. Radiotherapy was administered to 2,445 patients (26.8%; 3,570 lesions) during the entire HCC treatment period. Radiotherapy for intrahepatic lesions was administered to 1,865 patients (20.4%; 2,144 lesions), of whom 469 (5.1%; 469 lesions) received radiotherapy as the initial treatment for HCC. Supplementary Table 1 summarizes the clinical characteristics of patients based on radiotherapy status during the entire HCC treatment period. In overall HCC registry, patients with male sex (80.0%), positive for HBV (73.4%), had an ECOG PS 0 (91.6%), diagnosed clinically (94.6%), with liver function of Child–Pugh classification A (86.0%), and whose HCCs were classified as mUICC stage II (39.0%) and BCLC stage A (41.7%) were predominant. In the patients who received radiotherapy, the proportion of male sex, better underlying liver function, and worse tumor stage was higher.

Supplementary Table 2 shows the utilized radiotherapy techniques by the BCLC stage of the disease. The proportion of early disease, BLCL stages 0 and A, was higher for highly conformal radiotherapy techniques: 39.8% of 2D; 39.3% of 3D-CRT; 54.0% of IMRT; 63.5% of SBRT; 64.7% of PBT, respectively. The proportion of worse disease status, BCLC stages C and D, was higher for conventional radiotherapy techniques: 44.5% of 2D; 47.5% of 3D-CRT; 32.6% of IMRT; 22.7% of SBRT; 18.2% of PBT, respectively.



Trends of radiotherapy utilization

The trends in radiotherapy utilization rate over the entire HCC management period based on the year of HCC diagnosis are presented in Figure 1. The overall radiotherapy utilization rate was relatively consistent throughout the study period (p=0.239). Approximately 24% of patients diagnosed in 2005 received radiotherapy, whereas 27% of patients diagnosed in 2017 received radiotherapy. The rate of radiotherapy administration for intrahepatic lesions significantly increased over the study period (p=0.006). Approximately 17% of patients diagnosed in 2005 received radiotherapy for intrahepatic lesions, whereas 22% of patients diagnosed in 2017 received radiotherapy for intrahepatic lesions. Although there were only marginal increases in the rates of radiotherapy utilization for all lesions and intrahepatic lesions (3% and 5% increases, respectively), there was a dramatic increase in the utilization of radiotherapy for the initial management of HCC (p<0.001). While only 0.5% of patients diagnosed in 2005 received radiotherapy as initial treatment, 13% of patients diagnosed in 2017 received radiotherapy as initial treatment. The results of the Cochran–Armitage test are summarized in Supplementary Table 3.




Figure 1 | Trends in the radiotherapy utilization rate. The proportions of patients in the registry who received radiotherapy based on the year of diagnosis are plotted in line graph.



Figure 2 shows the temporal trends in radiotherapy utilization based on the interval from the date of HCC diagnosis to the date of radiotherapy for HCC management, counting each radiotherapy session individually. The slope of the graph was steeper for patients who were diagnosed more recently, indicating that the number of patients who received radiotherapy at the same time point after diagnosis gradually increased over time. Consistent trends were observed in the rates of overall radiotherapy utilization (Figure 2A) and radiotherapy for intrahepatic lesions (Figure 2B). Differential counts showed that the number of patients who received radiotherapy peaked in the first year after diagnosis and continued to decrease over time (Supplementary Figure 1).




Figure 2 | Temporal trends in radiotherapy utilization based on the time from diagnosis. Patients were divided into four groups according to the year of diagnosis. (A) Radiotherapy for all lesions, and (B) Radiotherapy for intrahepatic lesions.



Table 1 shows the trends in the characteristics of patients who received radiotherapy for intrahepatic lesions as the initial management. Only 37 patients (7.9%) enrolled between 2005 and 2008 received radiotherapy as initial management, whereas 165 patients (35.2%) enrolled between 2015 and 2017 received radiotherapy as initial management for intrahepatic lesions. Most patients had a relatively good performance status, with BCLC stage C and Child–Pugh classification A liver function throughout the study period. Furthermore, the adoption of advanced radiotherapy delivery techniques has increased over time. Approximately 97.3% of patients enrolled between 2005 and 2008 received 3D-CRT, whereas 21.2% of patients enrolled between 2015 and 2017 received PBT.


Table 1 | Characteristics of patients who received radiotherapy as initial management for intrahepatic lesions.



Supplementary Figure 2 shows the trends in radiotherapy utilization rate with patients grouped based on initial treatment: initial hepatic resection or other initial treatments. While proportion of patients receiving radiotherapy constantly increased in the patients who underwent initial other treatments, proportion of patients receiving radiotherapy after initial hepatic resection was relatively consistent throughout the period.



Trends of clinical factors

Radiotherapy delivery techniques changed dramatically during the study period. Patients who received radiotherapy in 2005 were treated with 2D- or 3D-CRT, whereas more than half of those treated in 2021 received PBT. Taken together, more than 80% of the radiotherapy delivery methods used for the management of HCC in 2021 were highly conformal radiotherapy, including IMRT, SBRT, and PBT (Figure 3A).




Figure 3 | The trends in (A) radiotherapy delivery technique, (B) BCLC stage, and (C) age at radiotherapy based on the year of radiotherapy. PBT, proton beam therapy; SBRT, stereotactic body radiotherapy; IMRT, intensity modulated radiotherapy; 3D-CRT, three dimensional conformal radiotherapy, 2D-RT, two dimensional radiotherapy; BCLC, Barcelona Clinic Liver Cancer.



Moreover, there was a consistent change in the disease stages of patients who received radiotherapy. Patients treated in 2005 had relatively advanced disease, with no patients having BCLC stage 0, whereas more than 20% of patients treated in 2021 had BCLC stage 0 (Figure 3B). The age of patients who received radiotherapy also showed a consistent pattern, with a continuously increasing number of older patients treated with radiotherapy in recent years (Figure 3C).



Trends of overall survival

The 2-year and 5-year OS rates of the patients who received radiotherapy as initial treatment and those who did not were significantly different (2-year: 31.2% vs. 71.9% and 5-year: 16.2% vs. 56.0%; p < 0.001, respectively). We found a consistent improvement in OS for patients who received radiotherapy as initial treatment over time, from 13.5% and 5.4% in 2005 to 34.3% and 30.1% in 2017 for 2-year and 5-year OS, respectively. A similar change was seen for patients who did not receive radiotherapy with a change from 67.2% and 53.1% in 2005 to 78.7% and 71.6% in 2017 for 2-year and 5-year OS, respectively. The ratio of RMST increased over time (from 0.383 to 0.544), indicating that the difference in OS between patients who received radiotherapy as initial management and those who did not decreased over time. The OS curves and RMST results are summarized in Figure 4 and Table 2.




Figure 4 | Overall survival comparison between patients who received radiotherapy as initial management and those who did not. (A) Entire cohort; (B) patients enrolled between 2005 and 2008; (C) patients enrolled between 2009 and 2011; (D) patients enrolled between 2012 and 2014; and (E) patients enrolled between 2015 and 2017.




Table 2 | Overall survival and RMST values of patients over time.



Initial radiotherapy technique was also observed to be related with OS. The OS rates of the patients who received highly conformal radiotherapy (IMRT, SBRT, or PBT) as initial treatment were significantly better than the patients who received conventional radiotherapy (2D or 3D-CRT), irrespective of the stage of patients (5-year OS of overall population: 33.0% vs. 11.4%, p < 0.001; BCLC stage 0 or A: 85.6% vs. 20.0%, p < 0.001; BCLC stage B or higher: 21.7% vs. 11.0%, p = 0.004, respectively). The OS curves are shown in Supplementary Figure 3.




Discussion

This retrospective study demonstrated changes in the role of radiotherapy in the management of HCC over the last 16 years at our institution. The use of radiotherapy has increased over time, particularly in regard to radiotherapy for intrahepatic lesions and radiotherapy as initial management. There has also been a dramatic increase in the use of highly conformal radiotherapy and PBT. Our results demonstrated the changing role of radiotherapy in the management of HCC.

In the past, radiotherapy played a minimal role in the management of HCC, especially in the management of intrahepatic lesions, owing to the occurrence of radiation-induced toxic events such as radiation-induced liver disease (23). Previously, radiotherapy was mainly used for palliation, management of patients with portal vein tumor thrombus, and symptomatic extrahepatic metastases. However, with recent advances in radiotherapy delivery and image-guidance techniques, radiotherapy for intrahepatic lesions is viewed as an effective and safe treatment modality. Several prospective studies on SBRT as treatment for HCC patients with Child–Pugh classification A or B liver function reported good oncologic outcomes (2-year local control rates ranging from 80.9% to 97%) with acceptable toxicity (rates of grade 3 or higher gastrointestinal or liver toxicity ranging from 0% to 7%) (12, 24–27). Two prospective studies on PBT also reported good results, with 3-year local control rates of 95.2% and 94.5% and no severe toxic events (28, 29). The details of these prospective studies are summarized in Supplementary Table 4.

Previous studies have compared radiotherapy with traditional curative treatment options. Su et al. (30) compared SBRT with liver resection for patients with small HCC and Child–Pugh classification A liver function. No difference was observed in OS or progression-free survival between the two treatment methods, indicating that the local effects of SBRT were similar to those of liver resection. Kim et al. (31) conducted a multinational study to compare the effectiveness of SBRT and RFA for unresectable HCC. Their results favored SBRT over RFA, particularly for larger tumors in the subphrenic region, and for the tumors that progressed after TACE. Kim et al. (13) compared the outcomes of PBT and RFA in patients with recurrent or residual HCC in a prospective phase 3 non-inferiority trial and reported that the local progression-free survival rate of patients undergoing PBT was non-inferior to that of patients undergoing RFA.

In addition to the aforementioned prospective studies, numerous retrospective studies have also reported the effectiveness of radiotherapy as a treatment for HCC. Based on these results, the current National Comprehensive Cancer Network guidelines recommend SBRT as an alternative to ablation/embolization techniques or when these therapies have failed or are contraindicated (32). Also, the American Society for Radiation Oncology clinical practice guideline provided evidence-based recommendation for radiotherapy in HCC recently, strongly recommending radiotherapy as a potential first-line treatment in patients with liver-confined HCC who are not candidates for curative therapy, as consolidative therapy after incomplete response to liver-directed therapies, and as a salvage option for local recurrences (33).

The baseline clinical characteristics of the patients who received radiotherapy in this study differed significantly from those of the patients who did not receive radiotherapy (Supplementary Table 1). The reason for the patients who received radiotherapy had relatively preserved liver function status and advanced disease could be owing to the indications for radiotherapy itself. Radiotherapy is relatively contraindicated for patients with poor liver function, and patients with early-stage disease are generally candidates for resection or ablative treatments. However, the reason for the increased proportion of male sex and HBV infection is difficult to define. Male sex and HBV infection are known to be poor prognostic factors for survival and recurrence (34, 35). The poor prognosis for these patients may have influenced the increased proportion of these patients in the radiotherapy arm as they may have required radiotherapy for further cancer management. However, it is difficult to draw concrete conclusions regarding the reason for this difference, and further analysis is required.

The proportion of patients who received radiotherapy as initial management for intrahepatic lesions dramatically increased over time in the current study, whereas the overall radiotherapy utilization rate and the rate of radiotherapy for intrahepatic lesions were relatively consistent. These proportions may not have noticeably increased because of the relatively short follow-up duration of the patients whose data were entered into the registry in more recent years. The data of patients entered the registry in 2005 were reviewed to determine whether they received radiotherapy within 16 years after diagnosis, whereas the data of patients entered the registry in 2017 were only reviewed to determine whether they received radiotherapy within 4 years after diagnosis. Some patients whose data were recently entered into the registry are likely to receive radiotherapy with further follow-up; therefore, the overall radiotherapy utilization rate and radiotherapy administration for intrahepatic radiotherapy are expected to increase in future.

High conformal radiotherapy techniques, PBT, IMRT and SBRT, are generally considered as main radiotherapy techniques for HCC. However, in our institution, there was marked increase in the proportion of PBT, but the proportion of IMRT and SBRT were relatively constant or even decreased over time (Figure 3A). The reason for this difference seems to be due to the treatment policy of our institution. When radiotherapy for intrahepatic lesion was required, PBT was preferred after installation of proton center. As a consequence, the proportion of SBRT and IMRT showed relatively consistent trend over time. There was ups and downs in the proportion of individual radiotherapy techniques, but it is to note that the proportion of high conformal radiotherapies increased considerably over time.

We have shown that the difference in OS between patients who did and did not receive radiotherapy as initial management for HCC decreased over time (Figure 2 and Table 4). However, the management of HCC generally involves prolonged management with multiple treatments. And as other treatment modalities also advanced over past decade, consideration of the initial management alone may not reflect the clinical outcomes. However, all patients were further managed with the most appropriate treatment options based on their status, irrespective of the initial treatment method. It seems noticeable that survival differences between groups have narrowed down in this clinical setting; however, the current results should be interpreted with caution.

The current study has some limitations. First, as a single-institutional retrospective study of HBV endemic area, the treatment policy at our institution may not be identical to that at other institutions. Also, while all HCC treatment options are covered by the National Health Insurance Service in Korea, the coverage may differ in other geographical areas. Therefore, the proportion of patients receiving radiotherapy and radiotherapy delivery methods in other institutions may not be the same as those observed in the current study. However, we believe that although the numbers may not be identical, trends in the increased utilization of radiotherapy in the management of HCC will be observed in other institutions with recent prospective trials confirming the effectiveness of RT in HCC management and recommendations of the guidelines reflecting these outcomes (11, 13, 16, 17, 24, 26, 32, 36). Second, the current study did not discuss the response to radiotherapy or radiotherapy-related toxicity. As the aim of current study was to report the changing trends of radiotherapy utilization in the management of HCC, our study includes various treatment settings from palliative to definitive, with heterogeneous radiotherapy doses and techniques over more than 15 years. It was not possible to report the treatment response and toxicity due to the heterogeneity. However, as shown in Supplementary Table 4, in the current era of radiotherapy, radiotherapy is a safe and considerable treatment option in the management of HCC. Third, while we have addressed the changing trends of radiotherapy utilization and radiotherapy techniques, the recurrences and the managements of new recurrences were not covered in current study. Analysis of pattern of recurrences and the managements of recurrences, such as resection, liver transplantation, RFA, TACE, and chemotherapy, would have added additional depth to the study, but was not available currently. Future prospective studies might be needed to clarify these limitations.

In conclusion, the use of radiotherapy for HCC management at our institution increased dramatically from 2005 to 2017. The number and proportion of patients receiving radiotherapy for intrahepatic lesions as initial management and highly conformal radiotherapy are increasing continuously. Taken together, the findings of the current study show increased utilization of radiotherapy in the management of HCC and a shift in the paradigm of radiotherapy from palliative management of extrahepatic lesions and vascular invasions to curative treatment of intrahepatic lesions.
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Supplementary Figure 1 | Differential counts of radiotherapy utilization based on time from diagnosis. (A) radiotherapy to all lesions; (B) radiotherapy to intrahepatic lesions.

Supplementary Figure 2 | Trends in radiotherapy utilization rate with patients grouped based on initial treatment: initial hepatic resection or other initial treatments. Trends of initial hepatic resection group is shown in solid line, and other initial treatment group is shown in dotted line.

Supplementary Figure 3 | Overall survival curves of patients who received radiotherapy as initial management, categorized based on radiotherapy techniques. (A, B) overall patients; (C, D) BCLC stage 0 or A patients; (E, F) BCLC stage B or higher patients. 3D-CRT, 3D-conformal radiotherapy; IMRT, intensity modulated radiotherapy; SBRT, stereotactic body radiotherapy; PBT, proton beam therapy
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Opverall survival RMST

2-year 5-year P value Estimated Ratio

Overall Initial RT (+) 31.2% 16.2% <0.001
Initial RT (-) 719% 56.0%

2005-2008 Initial RT (+) 13.5% 5.4% < 0.001 1257 0.383
Initial RT (-) 67.2% 47.0% 3281

2009-2011 Initial RT (+) 29.1% 12.5% <0.001 1712 0.493
Initial RT (-) 70.9% 53.1% 3471

2012-2014 Initial RT (+) 34.4% 13.9% <0001 1.881 0.526
Initial RT (-) 72.5% 58.1% 3573

2015-2017 Initial RT (+) 34.3% 30.1% <0001 2143 0.544
Initial RT (-) 78.7% 716% 3.938

RMST, restricted mean survival time; RT, radiotherapy.
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OEBPS/Images/table1.jpg
Characteristics Year of diagnosis

2005-2008 2009-2011 2012-2014 2015-2017
N. of patients 37 (7.9%) 123 (26.2%) 144 (30.7%) 165 (35.2%)
Age (median, range) 53 (26-73) 54 (23-74) 55 (27-84) 57 (30-87)
ECOG PS
0 25 (67.6%) 111 (90.2%) 140 (97.2%) 133 (80.6%)
1 11 (29.7%) 11 (9.0%) 2 (1.4%) 30 (18.2%)
2 1(2.7%) 0 (0.0%) 1(0.7%) 1 (0.6%)
3 0 (0.0%) 1 (0.8%) 1(0.7%) 1 (0.6%)
4 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)
BCLC stage
o 0 (0.0%) 0 (0.0%) 2 (1.4%) 2 (1.2%)
A 2 (5.4%) 10 (8.2%) 5 (3.5%) 11 (6.7%)
B 1(2.7%) 1(0.8%) 3 (2.1%) 9 (5.5%)
C 34 (91.9%) 111 (90.2%) 132 (91.6%) 138 (83.6%)
D 0 (0.0%) 1 (0.8%) 2 (1.4%) 5 (3.0%)
ALBI grade
2 11 (29.7%) 87 (70.7%) 101 (70.1%) 100 (60.6%)
11 25 (67.6%) 35 (28.5%) 41 (28.5%) 62 (37.6%)
1 1(2.7%) 1 (0.8%) 2 (1.4%) 3 (1.8%)
Child-Pugh classification
A 31 (83.8%) 114 (92.7%) 127 (88.2%) 141 (85.5%)
B 6 (16.2%) 9 (7.3%) 16 (11.1%) 20 (12.1%)
Cc 0 (0.0%) 0 (0.0%) 1 (0.7%) 4 (2.4%)
Radiotherapy technique
2D 1(2.7%) 1(0.8%) 0 (0.0%) 0 (0.0%)
3D-CRT 36 (97.3%) 120 (97.6%) 134 (93.1%) 112 (67.9%)
IMRT 0 (0.0%) 2 (1.6%) 8 (5.5%) 13 (7.9%)
SBRT 0 (0.0%) 0 (0.0%) 2 (1.4%) 5 (3.0%)
PBT 0 (0.0%) 0 (0.0%) 0 (0.0%) 35 (21.2%)
[nitial treatment
TACE + consolidative radiotherapy 26 (70.3%) 118 (95.9%) 133 (92.3%) 130 (78.8%)
Systemic therapy + radiotherapy 2 (5.4%) 0 (0.0%) 1 (0.7%) 5 (3.0%)
Palliative radiotherapy alone 9 (24.3%) 5 (4.1%) 7 (4.9%) 15 (9.1%)
Definitive radiotherapy alone 0 (0.0%) 0 (0.0%) 3 (2.1%) 15 (9.1%)

ECOG PS, Eastern Cooperative Oncology Group performance status; BCLC, Barcelona Clinic Liver Cancer; ALBI, albumin-bilirubin; 3D-CRT, 3D-conformal radiotherapy; IMRT,
intensity modulated radiotherapy; SBRT, stereotactic body radiotherapy; PBT, proton beam therapy; TACE, trans-arterial chemoembolization.





