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Background: No studies evaluating the clinical outcomes of radiotherapy (RT) for hepatocellular carcinoma (HCC) in the caudate lobe have been available to date. The purpose of this study was to evaluate the effectiveness and safety of RT for HCC in the caudate lobe.

Material and Methods: Seventy patients with HCC in the caudate lobe treated with RT from a multi-institutional database were included in this study. The median equivalent dose in 2 Gy (EQD2) was 80.0 Gy10 (range, 31.3–99.3), and freedom from local progression (FFLP), progression-free survival (PFS), and overall survival (OS) rates were evaluated.

Results: The median time of follow-up was 47.9 months (range, 3.4–127), and the 5-year FFLP, PFS, and OS rates were 80.6% [95% confidence interval (CI), 70.8–91.8], 13.8% (95% CI, 7.5–25.4), and 51.3% (95% CI, 39.9–66.1), respectively. In the multivariate analysis, the radiation dose was significantly associated with the FFLP rate [hazard ratio (HR), 0.57 per 10 Gy10 increase, p = 0.001], and the status of FFLP was significantly associated with OS (HR, 2.694, p = 0.014). The overall rate of ≥grade 3 adverse events was 5.7% (4 of 70), and RT-related mortality was not observed.

Conclusion: RT for HCC in the caudate lobe showed promising FFLP and OS rates with safe toxicity profiles. These findings suggest that RT may be a promising treatment option for HCC in the caudate lobe.
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INTRODUCTION

Surgical resection is known as the curative treatment for hepatocellular carcinoma (HCC), but it is suitable for <20% of patients for good liver function and performance status (1–3). In particular, the treatment for HCC arising from the caudate lobe is thought to be difficult because of the unique anatomical features of the caudate lobe, such as central and deep locations close to the hepatic hilum and the inferior vena cava and complex vascular supplies and drains (4). With improvements in surgical techniques, surgical resection for HCC in the caudate lobe has been successfully performed, but it is still challenging due to more blood loss, a longer operation time and more complications than HCC in the non-caudate lobe (5–9). Alternatively, percutaneous ablative therapy including radiofrequency ablation (RFA), ethanol injection (PEI), and microwave ablation (MWA) for HCC in the caudate lobe has been tried, but these procedures are also technically difficult because of the deep location and proximity of adjacent major vessels and bile ducts (10–16). In addition, transarterial chemoembolization (TACE) has been one of the treatment options for multiple HCCs, but the complex arterial blood supply of the caudate lobe makes it difficult to achieve local tumor control of HCC in the caudate lobe (17–19). For these reasons, the local tumor control rate of various non-surgical treatment modalities, including RFA, PEI, MWA, and TACE, for HCC in the caudate lobe is lower than that for HCC in the non-caudate lobe (10–20). Thus, to solve the issue of concern regarding the technical difficulty and local tumor control of these local treatment modalities for HCC in the caudate lobe, alternative and complementary treatment options for HCC in the caudate lobe may be needed.

Recently, a better biological understanding of liver tolerance to radiotherapy (RT) and technologic advances in RT techniques, such as three-dimensional conformal RT (3DCRT), intensity-modulated RT (IMRT), stereotactic body RT (SBRT), and proton beam RT (PBT), have made it possible to effectively deliver radiation doses to tumor(s) while sparing surrounding non-cancerous tissues, and its local tumor control effect and safety for HCC patients have been reported (21–30). To the best of our knowledge, no studies have shown the feasibility and effectiveness of RT for HCC in the caudate lobe to date. The incidence of HCC in the caudate lobe is less common than that of HCC in the non-caudate lobe (4, 6, 8), and thus, it is practically difficult to conduct prospective studies to evaluate the feasibility and effectiveness of RT for HCC in the caudate lobe. Based on this background, the purpose of the present study was to evaluate the feasibility and effectiveness of RT for HCC in the caudate lobe using a multi-institutional database.



MATERIALS AND METHODS


Patients

Patients with HCC in the caudate lobe treated with RT at 3 institutes (2 in Korea and 1 in Taiwan) between January 2007 and January 2017 were included in this study. The diagnosis of HCC was based on histologic findings and/or radiologic criteria of the American Association for the Study of Liver Diseases (3), and the location of the tumor was defined based on the Couinaud nomenclature using dynamic computed tomography (CT) and magnetic resonance imaging (MRI) (31). The inclusion criteria of this study were as follows: (i) patients with primary or recurrent/residual HCC lesion(s) in the caudate lobe without vascular invasion who were failed after, were difficult-to-treat with or refused to other treatments; (ii) no prior history of RT to the target lesion(s); (iii) no progressive disease outside of the target lesion(s) at the time of treatment; (iv) no evidence of extrahepatic disease; (v) Child-Pugh score ≤ 7 without uncontrolled ascites; and (vi) Eastern Cooperative Oncology Group (ECOG) performance status (PS) of 0–2. The data of each patient, including age, sex, ECOG PS, tumor size, pre-treatment serum α-fetoprotein (AFP) concentration, RT technique, total radiation dose [equivalent doses in a 2 Gy fraction (EQD2) calculated using a linear quadratic model with a α/β ratio of 10 or 3 for acute and late effects on tumor and organs at risk, respectively (32)], pre- and post-treatment modalities, sites and time of disease progression, and follow-up data were collected from medical records. The collected data were managed by assigning case numbers to each participating institute and anonymizing them. Data analysis was performed centrally, and all methods were performed in accordance with the relevant regulations and guidelines. This study was approved by the institutional review board of each participating institute and complied with the Declaration of Helsinki and Good Clinical Practice guidelines. The requirement for written informed consent was waived due to the retrospective study design.



Assessments and Statistical Analysis

The equations should be inserted in editable format from the equation editor. Local progression was defined as the presence of regrowth or a new tumor within the planning target volume (PTV) to the target lesion(s) in the caudate lobe. Intrahepatic progression was defined as the presence of regrowth of previously treated non-target lesion(s) or a new intrahepatic tumor within the liver outside of the PTV, and extrahepatic progression was defined as regrowth or a new tumor at extrahepatic sites, including regional and non-regional lymph nodes and distant organs. The adverse events (AEs) related to RT were assessed according to the Common Terminology Criteria for Adverse Events version 4.03 (https://ctep.cancer.gov/protocolDevelopment/electronic_applications/docs/CTCAE_4.03.xlsx). The times of freedom from local progression (FFLP), progression-free survival (PFS) and overall survival (OS) were determined from the commencement date of RT to the date of local progression, any disease progression or death, and death from any cause or the last follow-up, respectively. The distributions of continuous and categorical variables were compared with the t-test and Fisher's exact test, respectively, and correlations among variables were assessed using Spearman's rank correlation coefficient test. The probability of survival was estimated using the Kaplan-Meier method, and the differences in survival were compared using the log-rank test in univariate analysis. In multivariate analysis using a stepwise forward selection procedure with variables with p < 0.1 in the univariate analysis, the hazard ratios (HRs) were estimated using a Cox proportional hazards model. A p-value < 0.05 was considered statistically significant, and all statistical analyses were performed with STATA software (version 14.0; StataCorp, College Station, TX).




RESULTS

A total of 70 patients who met the inclusion criteria from the multi-institutional database were identified and included in this study (Table 1). There were 56 (80%) males and 14 (20%) females. The median age was 62 years (range, 31–88), and the median size of the tumor in the caudate lobe was 2.0 cm (range, 1.0–8.2). At the time of RT for HCC in the caudate lobe, most (n = 67, 95.7%) patients, except for 3 (4.3%) who were treatment naïve (by technical infeasibility) or refused other local treatments, had a recurrent and/or residual tumor in the caudate lobe, and the median interval from the initial diagnosis of HCC to the detection of an HCC lesion in the caudate lobe was 26.3 months (range, 0.4–198.1). Pre-treatments for the target and non-target lesion(s) are summarized in Table 1. Of the 70 patients, 13 (18.6%) received 3DCRT, 11 (15.7%) received IMRT, 21 (30.0%) received SBRT, and 25 (35.7%) received PBT. The median radiation dose delivered to the target lesion was 51.8 Gy (range, 30.0–70.0), with a median fraction size of 6.0 Gy (range, 2.0–15). Because of heterogeneity of the dose-fractionation regimens, we used EQD2 for analysis, and the median EQD2 was 80.00 Gy10 (range, 31.3–99.3). The median EQD2 for the treatment methods was 54.0 Gy10 (range, 31.3–62.5) for 3DCRT, 57.3 Gy10 (range, 47.3–71.5) for IMRT, 93.8 Gy10 (range, 53.6–93.8) for SBRT and 91.3 Gy10 (range, 62.5–99.2) for PBT (p < 0.001).


Table 1. Patient and treatment characteristics.
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The median time of follow-up was 47.9 months (range, 3.4–127), and at the time of analysis, 37 patients were alive, and 33 had died from disease progression. Of 70 patients, disease progression occurred in 58 (82.6%), and the patterns of disease progression were as follows (Supplementary Figure 1): the initial sites of disease progression were local sites in 5 (7.1%) patients, intrahepatic sites in 48 (67.1%), and extrahepatic sites in 11 (15.7%); the all sites of disease progression were local sites in 11 (15.7%) patients, intrahepatic sites in 53 (75.7%), and extrahepatic sites in 21 (29.9%). Of 53 patients who experienced disease progression, the median times to local, intrahepatic, and extrahepatic progression were 13.6 months (range, 4.0–39.2), 8.5 months (range, 0.3–64.8), and 13.7 months (range, 0.4–79.3), respectively. After disease progression occurred, subsequent treatment, such as local and/or systemic therapy, either alone or in combination, was performed (Supplementary Table 1). The median time of FFLP was not yet reached, and those of PFS and OS were 9.5 months [95% confidence interval (CI), 4.9–14.0] and 80.2 months (95% CI, 52.4–107.9), respectively. The actuarial 1-, 3-, and 5-year FFLP rates were 93.9% (95% CI, 88.0–99.8), 85.0% (95% CI, 75.8–94.2), and 80.6% (95% CI, 70.8–91.8), respectively. The actuarial 1-, 3-, and 5-year PFS rates were 45.4% (95% CI, 33.6–57.2), 22.0% (95% CI, 12.2–31.8), and 13.8% (95% CI, 7.5–25.4), respectively. The actuarial 1-, 3-, and 5-year OS rates were 85.6% (95% CI, 77.4–93.8), 68.8% (95% CI, 57.6–80.0), and 51.3% (95% CI, 39.9–66.1), respectively (Supplementary Figure 2).

The FFLP rates significantly increased with increasing radiation dose, and the differences in FFLP rates were most significant when the cutoff value of the radiation dose was 90 Gy10 (Table 2). The patients with FFLP had significantly longer median OS times (82.8 months vs. 35.6 months) and 5-year OS rates (59.4 vs. 13.6%) than the patients without FFLP (p = 0.033) (Table 3). Similarly, PFS showed a longer trend in patients with FFLP than in those without FFLP, but the difference was not significant (p > 0.05) (Table 3). In the univariate analysis, tumor size, a history of treatment to non-target lesion(s), and the radiation dose were significantly related to FFLP; the serum level of AFP and a history of treatment to non-target lesion(s) were significantly related to PFS; and the Child-Pugh classification, serum level of AFP, radiation dose, and status of FFLP were significantly related to OS (p < 0.05 each) (Table 3). The results of the multivariate analysis were as follows: the radiation dose was a significant factor for FFLP; the serum level of AFP was a significant factor for PFS; and the Child-Pugh classification, serum level of AFP, and status of FFLP were significant factors for OS (p < 0.05 each) (Table 4).


Table 2. Comparison of the freedom from local progression (FFLP) rate according to the radiation dose.
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Table 3. Univariate analysis of pre-treatment characteristics and treatment factors for the freedom from local progression (FFLP), progression-free survival (PFS), and overall survival (OS) rates.
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Table 4. Multivariate analysis of factors influencing the freedom from local progression (FFLP), progression-free survival (PFS), and overall survival (OS) rates.
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After the completion of RT, hepatic AEs were observed in 23 (32.9%) patients: grade 1 in 17 (24.3%) patients, grade 2 in 5 (7.1%), and grade 3 in 1 (1.4%), and gastrointestinal (GI) AEs were observed in 12 (17.1%) patients: grade 1 in 4 (5.7%) patients, grade 2 in 5 (7.1%), grade 3 in 2 (2.9%), and grade 4 in 1 (1.4%). The overall rate of ≥grade 3 AEs was 5.7% (4 of 70), and RT-related mortality was not observed. One patient with grade 3 hepatic AEs showed asymptomatic liver function abnormality, and it became normalized spontaneously within 1 month. Among 3 patients with ≥Grade 3 GI AEs, one patient showed grade 3 nausea which require hospitalization for supportive care, and two patients experienced upper GI bleeding which received endoscopic argon laser coagulation with transfusion (grade 3) and received surgical intervention (grade 4), respectively. The other patients who had grade 1-2 hepatic and GI AEs were self-limited and easily managed by supportive care. Overall, median intervals from the completion date of RT to observed date of AEs were 2.1 (0.1–4.1) months and 1.2 (0.1–4.8) months regarding hepatic AEs and GI AEs, respectively. Of 70 patients, dose volumetric parameters for the liver and GI organs were available in 68 (97.1%). The incidence of ≥grade 2 hepatic AEs significantly increased with increasing relative volumes of the total liver and remaining liver receiving ≥30 Gy10 (TLV30Gy and RLV30Gy, respectively) (p < 0.05 each), and the incidence of ≥grade 2 GI AEs increased with an increasing PTV, absolute volumes of GI organs receiving ≥45 Gy10 (GIV45Gy), and maximum doses to GI organs (GIDmax) (p < 0.05 each) (Table 5). The radiation dose was negatively correlated with the PTV (r = −0.574, p < 0.001), and the PTV, TLV30Gy, RLV30Gy, GIV45Gy, and GIDmax were correlated with each other (PTV vs. TLV30Gy: r = 0.688, p < 0.001; PTV vs. RLV30Gy: r = 0.610, p < 0.001; PTV vs. GIV45Gy: r = 0.488, p < 0.001; PTV vs. GIDmax: r = 0.611, p < 0.001; TLV30Gy vs. RLV30Gy: r = 0.949, p < 0.001; GIV45Gy vs. GIDmax: r = 0.753, p < 0.001).


Table 5. Incidence of ≥grade 2 hepatic and gastrointestinal (GI) adverse events (AEs) according to dose-volumetric parameters (n = 68).
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DISCUSSION

Surgical resection of the caudate lobe with adjacent hemilobes or other segments to achieve complete resection with sufficient margins may be feasible in HCC patients with good liver function, but limited surgical resection of the caudate lobe has been attempted because most HCC patients have chronic hepatitis or cirrhosis (5–9). Previous studies on surgical resection for HCC in the caudate lobe have shown that surgical resection might be feasible and potentially curative, with 5-year OS rates of 25.9–76% (5–9). However, surgical resection is still more technically difficult in the caudate lobe than in the non-caudate lobe and is frequently impossible to perform in HCC patients due to concerns about residual liver function after resection. Thus, nonsurgical treatment modalities, such as ablative treatments (i.e., RFA, PEI, and MWA) and TACE, either alone or in combination, have been attempted, and the studies regarding non-surgical treatments for HCC in the caudate lobe are summarized in Table 6 (10–20). Due to the complicated anatomical features of the caudate lobe, such as proximity to major vessels and bile ducts and its deep location, introducing an electrode or needle into tumor(s) during ablative procedures may be technically difficult or, in some cases, impossible to perform. In particular, in RFA, local ablative ability is potentially impaired by the heat sink effect resulting from adjacent major vessels. Thus, ablative treatments for HCC in the caudate lobe, either alone or in combination, have shown 3-year local progression rates of 2.4–37.3% and 3- and 5-year OS rates of 43.7–86.6% and 11.2–80.8%, respectively, which were inferior to those for HCC in the non-caudate lobe (10–14, 16). Alternatively, TACE has been attempted for HCC in the caudate lobe, but obtaining a sufficient therapeutic effect of TACE is more difficult in the caudate lobe than in the non-caudate lobe due to the complexity of arterial supplies to HCC in the caudate lobe. TACE for HCC in the caudate lobe has shown 3-year local progression rates of 38.5–75% and 3-year OS rates of 62–73% (18, 19). To mutually complement each limitation of ablative treatments and TACE, combinations of ablative treatment and TACE have also been tried, with 3-year local progression rates of 13.5–28% and 3-year OS rates of 48.1–80.8% (15, 17, 20). The technical feasibility and success rate of ablative treatments and TACE may be influenced by the complicated anatomical features of the caudate lobe, and local tumor control is still one of the remaining concerns. Thus, an effective local treatment option for HCC in the caudate lobe that is less influenced by the unique anatomical features of the caudate lobe is needed.


Table 6. Studies on non-surgical treatments for HCC in the caudate lobe.
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RT using 3DCRT, IMRT, SBRT, and PBT has recently been attempted for HCC patients in various clinical situations, such as those with recurrent disease after other local treatments and difficult-to-treat disease with other local treatments, and its local tumor control effects and safety have been reported in previous studies (21–30). Several retrospective studies comparing SBRT with RFA showed that SBRT showed a 2-year FFLP rate of 80.6–83.8% and safe toxicity profiles (i.e., ≥grade 3 AE rate of <5%) (24, 26). In addition, a recent randomized controlled trial comparing PBT with RFA for recurrent HCC patients showed that PBT was not inferior to RFA in the 2-year FFLP rate (94.8 vs. 83.9%, p = 0.123) and was safer in toxicity profiles (≥grade 3 AE rate: 0 vs. 16.1%, p = 0.001) (30). However, to date, there has been no study of RT for HCC in the caudate lobe evaluating its effectiveness and safety until now. The present study was the first to evaluate the clinical outcomes of RT for HCC in the caudate lobe using a multi-institutional database due to the rarity of HCC in the caudate lobe. In the present study, RT for HCC in the caudate lobe showed promising clinical outcomes in terms of the 5-year FFLP and OS rates (80.6 and 51.3%, respectively), and ≥grade 3 AE rate (5.7%). Although direct comparisons of the present study with previous studies using ablative treatments and TACE were not possible, the FFLP and OS rates of RT for HCC in the caudate lobe were at the upper ends of a wide range according to the results of previous studies, and the ≥grade 3 AE rates were comparable (10–20) (Table 6).

In the present study, the radiation dose was significantly associated with the FFLP rate (HR, 0.57 per 10 Gy10 increase, p = 0.001), and the status of FFLP was significantly associated with OS (HR, 2.694, p = 0.014) (Table 4). These findings suggest that local tumor control increases with increasing radiation dose and that increased local tumor control may subsequently increase OS. However, not surprisingly, the radiation dose was negatively correlated with the PTV (r= −0.574, p < 0.001), and the PTV was positively correlated with the irradiated volume of the liver (TLV30Gy and RLV30Gy) and GI organs (GIV45Gy and GIDmax.). These findings suggest that as the tumor volume increases, the irradiated volumes of the surrounding normal tissues, such as the liver and GI organs, inevitably increase. In the present study, no local progression was observed in patients receiving >90 Gy10, and the incidence of ≥grade 2 hepatic and GI AEs was significantly lower in patients with TLV30Gy of ≤ 15% and RLV30Gy of ≤ 10% and GIV45Gy of ≤ 1.0 cm3 and GIDmax of ≤ 45.0 Gy10, respectively (p < 0.05 each) (Table 5). Although further large-scale studies are needed to identify the optimal radiation dose for local tumor control and dose-volumetric parameters for the liver and GI organs to avoid severe AEs, the present study suggests that a radiation dose >90 Gy10 be considered to achieve sufficient local tumor control while maintaining TLV30Gy of ≤ 15% and RLV30Gy of ≤ 10% and GIV45Gy of ≤ 1.0 cm3 and GIDmax of ≤ 45.0 Gy10 for avoiding hepatic and GI AEs, respectively.

The present study has several inherent limitations. First, this study was a retrospective analysis that included a heterogeneous population (those with recurrent disease and/or difficult-to-treat disease after/with other local treatment modalities, various RT techniques and dose-fractionation regimens, and a history of various pre- and post-treatment modalities); thus, potential selection bias was not thoroughly assessed. However, because of the rarity of HCC in the caudate lobe, the present study included a relatively large number of patients treated with RT using a multi-institutional database. In addition, although direct comparisons of RT with other treatments modalities were not performed, in present study, RT showed comparable FFLP and OS rates with those of previous studies on other non-surgical treatments (10–20). Second, in the present study, RT for HCC in the caudate lobe showed a favorable safety profile, with a ≥grade 3 AE rate of 5.7%, but retrospective studies are likely to underestimate AEs due to recall bias, the incompleteness of medical records, etc. Similar to the present study, several retrospective studies of RT using 3DCRT, IMRT, SBRT, and PBT in HCC patients have shown favorable safety profiles (21–30). In addition, the ≥grade 3 AE rate in the present study was comparable with those of previous studies on other non-surgical treatments (10–20). However, because the population of the present study was relatively small and comprised heterogeneous populations and detailed treatments, further large-scale studies are warranted.

In conclusion, the present study demonstrated that RT for HCC in the caudate lobe resulted in promising clinical outcomes in terms of the 5-year FFLP and OS rates (80.6 and 51.3%, respectively), which are comparable to those observed in other local treatments for HCC in the caudate lobe, and RT was tolerable and safe, consistent with its known profile. These findings suggest that RT may be a promising treatment option for HCC in the caudate lobe.
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n, number of patients; ECOG PS, eastern cooperative oncology group performance
status; HBY, hepatitis B virus; AFP, a-fetoprotein; T, treatment; TACE, transarterial
chemoembolization; RFA, radiofrequency ablation; PEI; percutaneous ethanol injection;
SR, surgical resection; SAT, systemic anticancer therapy; RT, radiotherapy; 3DCRT, 3-
dimensional conformal RT; IMRT, intensity-modulated RT; SBRT, stereotactic body RT;
PBT, proton beam RT; n.V30Gy, relative volume of the total liver receiving >30 Gys;
ALV30GY, relative volume of the remaining iver receiving 230 Gys; aLAV30Gy, absolute
Volume of the remaining lver receiving <30 Gys; 6/V45Gy and G:V50Gy, absolute volume
of gastrointestinal (GI) organs receiving 245 Gy1o and =50 Gy1o, respectively; giDmax,
delivered radiation dose to Gl organs.

*Sorafenib (n = 1).

* Equivalent doses in the 2 Gy fraction calculated using a linear quadatic model with a «/p
ratio of 10 or 3 for acute and late effects on tumor and organs at risk, respectively (32).
*+Remaining liver = total liver - tumor.

$Dose-volumetric parameters were available in 68 patients.
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tlog-rank test.
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