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Introduction

First-line systemic therapy (ST) options for advanced hepatocellular carcinoma (HCC) include tyrosine kinase inhibitors and immunotherapy (IO). Evolving data suggest prolonged overall survival (OS) when ST is combined with stereotactic body radiation therapy (SBRT), although evidence is significantly limited in HCC populations. We hypothesized that advanced HCC patients in the National Cancer Database (NCDB) would have improved OS when receiving ST+SBRT vs ST alone.





Methods

Stage III/IV HCC patients diagnosed from 2010-2020 and treated with first-line ST±SBRT were identified from the NCDB. The primary endpoint was OS from date of diagnosis stratified by the receipt of SBRT (ST+SBRT vs ST alone). Survival was estimated using Kaplan-Meier methodology and compared via log-rank. Multivariate analysis (MVA) was performed by Cox regression.





Results

Of 10,505 eligible patients with stage III disease, 115 (1.1%) received ST+SBRT and 10,390 (98.9%) received ST alone. Of 9,617 eligible patients with stage IV disease, 127 (1.3%) received ST+SBRT and 9,490 (98.7%) received ST alone. Median follow-up time was 6.8 months. Baseline characteristics were similar between cohorts. Patients with stage III disease receiving ST+SBRT had improved median OS (12.62 months vs 8.38 months) and higher rates of survival at 1-year (53.0% vs 38.7%) and 2-years (27.0% vs 20.7%) compared to those receiving ST alone (log-rank P=0.0054). Similarly, patients with stage IV disease receiving ST+SBRT had improved median OS (11.79 months vs 5.72 months) and higher rates of survival at 1-year (49.6% vs 26.2%) and 2-years (23.6% vs 12.0%) (log-rank P<0.0001). On MVA, receipt of SBRT predicted improved OS (HR=0.748, 95%CI 0.588-0.951; P=0.0178) and receipt of IO trended towards improved OS (HR=0.859, 95%CI 0.735-1.003; P=0.0538).





Conclusion

In advanced HCC, patients receiving ST+SBRT had improved OS compared to those receiving ST alone. Prospective clinical trials are warranted to better identify HCC populations which may benefit from combined modality therapy.
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Introduction

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related mortality worldwide and its incidence is expected to rise in the upcoming decades (1, 2). Curative-intent approaches for HCC include liver resection or transplantation, however up to 80% of patients are ineligible for these surgical treatments due to advanced stage at presentation, underlying liver dysfunction, medical comorbidities, poor performance status, and/or delays in liver transplantation (3). In non-surgical candidates, definitive locoregional therapy (LRT) options include radiofrequency ablation (RFA), percutaneous cryoablation, transarterial chemoembolization (TACE), transarterial radioembolization (TARE), and radiation therapy (RT) (4). More recently, there has been growing interest in stereotactic body radiation therapy (SBRT) as an LRT option for HCC. SBRT is a non-invasive technique allowing for the delivery of highly conformal and ablative radiation doses in five or fewer fractions. Unlike historical RT techniques for HCC, SBRT minimizes radiation doses to the uninvolved liver and surrounding tissues, significantly reducing the risk for radiation-induced liver disease (RILD) and other toxicities (5). Larger radiation doses per fraction with SBRT may improve local control (LC) compared to conventional RT, as the technique allows for a higher biologically effective dose (BED) to be delivered, and may instigate novel mechanisms of tumor cell killing such as vascular injury, necroptosis, and immunomodulation (6, 7). Clinical outcomes of SBRT for localized HCC are favorable, with long-term LC rates ranging from 80-90% (8, 9). As such, SBRT (either definitively or as a bridge to curative-intent surgery) is considered a standard LRT option by several evidence-based HCC treatment guidelines (4, 10, 11).

In advanced (stage III/IV) unresectable HCC, however, there is a lack of consensus on the role and feasibility of LRT. Patients with advanced HCC are often treated with systemic therapy (ST) alone due to macrovascular involvement, multifocal disease, or the presence of extrahepatic metastases; however, SBRT is feasible in these populations if liver function is maintained. For example, in RTOG 1112, Child-Pugh A patients with advanced HCC who were ineligible for surgery, ablation, and/or TACE were randomized to sorafenib with or without SBRT (12). Progression-free survival (PFS) and overall survival (OS) were prolonged in the cohort receiving combined sorafenib and SBRT, and no increased risk for toxicity was observed (12). These favorable results, along with recent randomized evidence demonstrating improved survival and safety of combined ST+SBRT for metastatic cancers, has led to significant interest in combining ST+SBRT for locally advanced and metastatic HCC (13–17). Combinatorial approaches have especially garnered interest in HCC patients receiving immunotherapy (IO), as the immunomodulatory effects of SBRT may synergistically enhance responses to IO (9, 18, 19). Although first-line IO options are now standard for advanced HCC, initial studies supporting liver SBRT in these populations were performed in the pre-IO era (4, 20, 21). It is unclear, therefore, whether the combination of SBRT with ST approaches incorporating IO would have similar benefits or potentially increase the risk of liver and/or other toxicities. Furthermore, stage IV HCC patients who have received ST+SBRT to the liver and/or extrahepatic sites are underrepresented in prior clinical trials on this topic, and it is unknown if this treatment strategy would improve survival endpoints in a contemporary population. Given the paucity of data evaluating combined ST+SBRT in HCC patients, we conducted a retrospective review of the National Cancer Database (NCDB) to analyze survival outcomes in stage III and stage IV HCC patients receiving first-line ST alone or ST+SBRT. We hypothesized that advanced HCC patients receiving ST+SBRT would have prolonged OS compared to those receiving ST alone.





Materials and methods




Data source

The NCDB was analyzed to identify patients diagnosed with HCC from 2010-2020. Data were obtained from the 2020 NCDB Participant User File. The NCDB is a joint project of the Commission on Cancer (CoC) of the American College of Surgeons and the American Cancer Society. The CoC’s NCDB and the hospitals participating in the CoC’s NCDB are the source of the de-identified data used herein; they have not verified and are not responsible for the statistical validity of the data analysis or the conclusions derived by the authors.





Patient cohort

Patients with American Joint Committee on Cancer (AJCC) stage III or stage IV HCC diagnosed from 2010-2020 and receiving ST with or without SBRT were identified from the NCDB. Eligible patients were required to have started treatment within 120 days of diagnosis and ST+SBRT patients were required to start secondary treatment (either ST or SBRT) within 120 days of the first treatment modality. Stage III patients received liver directed SBRT only, while stage IV patients received SBRT to the liver and/or extrahepatic sites. Patients with stage IV disease that received stereotactic radiosurgery to the brain or spine were included in the “SBRT” cohort. Complete AJCC staging details and radiation treatment characteristics were required for study inclusion. The dose/fractionation definition of SBRT was as follows: ≥10 Gy in 1 fraction, ≥20 Gy in 2 fractions, ≥24 Gy in 3 fractions, or ≥25 Gy in 5 fractions. Patients who underwent conventional (non-SBRT) radiation therapy courses (stage III n=199, stage IV n=1,340) were included in the ST alone cohort. Patients with incomplete data regarding demographics, therapy, AJCC tumor stage, and/or follow up time were excluded. Patient characteristics collected included age at diagnosis, sex, race/ethnicity, Charlson-Deyo score, median income, and facility type. Disease and treatment characteristics included primary tumor size, tumor grade, number of organ systems involved by metastasis, and details of radiation dose/fractionation. Screening criteria for study inclusion are outlined in Figure 1.




Figure 1 | Consolidated Standards of Reporting Trials (CONSORT) diagram describing the selection of patients diagnosed with American Joint Committee on Cancer (AJCC) stage III and stage IV hepatocellular carcinoma (HCC) from the National Cancer Database (NCDB). Patients were included if they were treated with systemic therapy (ST) alone or combined ST and stereotactic body radiation therapy (SBRT).







Outcomes and statistical analysis

The primary endpoint was OS from date of diagnosis stratified by receipt of SBRT (ST+SBRT vs ST alone). Survival time was calculated from date of stage III or stage IV diagnosis to last contact or death. Events that occurred beyond 24 months were censored due to the limited expected follow-up time and low number of events to be captured beyond this time point. Baseline characteristics were compared using chi-squared tests for categorical variables based on treatment cohort. Summary statistics were provided for dose/fractionation of radiation therapy. Survival from date of diagnosis to death or last contact was estimated using Kaplan-Meier methodology and compared via the log-rank test. Univariate and multivariate (MVA) analysis was performed, and the hazard ratio (HR) estimated via Cox proportional hazards modeling. Analyses were performed using GraphPad Prism 9.0 and SAS statistical software (version 9.4; SAS Institute Inc, Cary, NC). This NCDB study was exempt from the local institutional review board.






Results

Of 10,505 eligible patients with stage III disease, 115 (1.1%) received ST+SBRT and 10,390 (98.9%) received ST alone. Of 9,617 eligible patients with stage IV disease, 127 (1.3%) received ST+SBRT and 9,490 (98.7%) received ST alone. Stage III and stage IV patient characteristics are described in Tables 1A, B, respectively. Stage III and stage IV SBRT treatment characteristics are described in Tables 2A, B, respectively. Baseline characteristics were similar for stage III cohorts, although patients in the ST+SBRT cohort were more frequently treated at an academic/research program compared to the ST alone group (73.2% vs 53.2%, respectively, P=0.0002). Charlson-Deyo scores were similar between stage III ST alone and ST+SBRT cohorts (P=0.6407) with similar percentages of patients having a Charlson-Deyo score of 3 (16.8% vs 17.4%, respectively). For stage III patients, the ST alone cohort tended to have larger primary tumor sizes compared the ST+SBRT cohort (P=0.0451). In terms of systemic treatment types, the ST+SBRT cohort was more frequently treated with IO, or a combination of IO and “chemotherapy,” compared to the ST alone cohort (P=0.0158). Of note, the NCDB coding classifies tyrosine kinase inhibitors (TKIs) as “chemotherapy,” and the database does not offer additional granularity as to which specific ST agents were received by patients. The median time to treatment initiation was 37 days (range 1-120) for the stage III ST alone cohort and 67 days (range 1-119) for stage III ST+SBRT cohort. In the stage III ST alone cohort, 199 patients received conventional (non-SBRT) radiation therapy to the liver. For the 115 patients in the stage III ST+SBRT cohort, the median SBRT dose was 37.5 Gy (range 24-60), and the median number of fractions was 5 (range 3-5).


Table 1A | Patient characteristics for the stage III cohort receiving systemic therapy (ST) alone or combined ST and stereotactic body radiation therapy (SBRT).




Table 1B | Patient characteristics for the stage IV cohort receiving systemic therapy (ST) alone or combined ST and stereotactic body radiation therapy (SBRT).




Table 2A | Stereotactic body radiation therapy (SBRT) treatment characteristics for the stage III cohort receiving combined systemic therapy (ST) and liver SBRT.




Table 2B | Stereotactic body radiation therapy (SBRT) treatment characteristics for the stage IV cohort receiving combined systemic therapy (ST) and SBRT.



Baseline characteristics were also similar for stage IV cohorts, although once again patients in the ST+SBRT cohort were more likely to have received treatment at an academic/research program compared to the ST alone cohort (65.3% vs 44.4%, P<0.0001). Charlson-Deyo scores were similar between stage IV ST alone and ST+SBRT cohorts (P=0.7736) with similar percentages of patients having a Charlson-Deyo score of 3 (13.5% vs 11.0%). There was no difference in primary tumor size between the stage IV ST alone and ST+SBRT cohorts (P=0.5149). Compared to the ST alone cohort, the stage IV ST+SBRT cohort had higher rates of brain metastasis at diagnosis (10.5% vs 1.0%, P<0.0001) and bone metastasis at diagnosis (58.4% vs 23.3%, P<0.0001). In contrast, the ST alone cohort had higher rates of lung metastasis at diagnosis compared to the ST+SBRT cohort (26.3% vs 15.3%, P=0.0057). There was no significant difference in the number of organ systems involved by metastatic disease at diagnosis between the ST alone and ST+SBRT cohorts with stage IV disease (P=0.3165). Once again, in terms of systemic treatment types, the ST+SBRT cohort was more frequently treated with IO, or a combination of IO and “chemotherapy,” compared to the ST alone cohort (P=0.0001). The median time to treatment initiation was 34 days (range 1-120) for the stage IV ST alone cohort and 45.5 days (range 3-120) for the stage IV ST+SBRT cohort. In the stage IV ST alone cohort, 1,340 patients received conventional (non-SBRT) radiation therapy to any site. For the 127 patients in the stage IV ST+SBRT cohort, sites treated with SBRT included the spine (n=41, 32.3%), liver (n=31, 24.4%), non-spine bone (n=21, 16.5%), other sites (n=15, 11.8%), brain (n=12, 9.4%), and chest/lung (n=7, 5.5%).

Patients with stage III disease receiving ST+SBRT had improved median OS (12.62 months vs. 8.38, log-rank P=0.0054) and higher rates of survival at 1-year (53.0% vs. 38.7%) and 2-years (27.0% vs. 20.7%) compared to those receiving ST alone (Figure 2A). Similarly, patients with stage IV disease receiving ST+SBRT had improved median OS (11.79 months vs 5.72 months, log-rank P<0.0001) and higher rates of survival at 1-year (49.6% vs 26.2%) and 2-years (23.6% vs. 12.0%) compared to those receiving ST alone (Figure 2B). Univariate and MVA analyses were performed using Cox proportional hazard regression of combined ST+SBRT therapy, disease stage (Stage III vs Stage IV), Charlson-Deyo score (0 vs >0), receipt of IO, and tumor size (<50mm vs > 50mm) to identify predictors of survival. On MVA, receipt of SBRT predicted for improved OS (HR=0.748, 95%CI 0.588-0.951; P=0.0178) and receipt of IO demonstrated a trend towards improved OS, although this did not reach statistical significance (HR=0.859, 95%CI 0.735-1.003; P=0.0538). Poor prognostic factors included stage IV disease (HR=1.509), primary tumor size > 5 cm (HR=1.354), and a Charlson-Deyo Score >0 (HR=1.106) (all P<0.0001) (Table 3, Supplementary Table 1). Additional subgroup analyses were performed on stage III and stage IV ST+SBRT cohorts to investigate the influence of treatment modality sequencing (ST then SBRT vs SBRT then ST) on OS. Stratification of these groups based on treatment modality sequencing revealed no differences in OS for both stage III and stage IV cohorts (log-rank P=0.3615 and P=0.8843, respectively).




Figure 2 | (A, B) Overall survival in stage III (2A) and stage IV (2B) HCC patients treated with systemic therapy (ST) alone or ST and stereotactic body radiation therapy (SBRT).




Table 3 | Univariate and multivariate analyses.







Discussion

In this large retrospective analysis of the NCDB, we found significantly improved OS in advanced (AJCC stage III/IV) HCC patients receiving first-line ST+SBRT compared to ST alone. In stage III patients, median survival (12.62 months vs 8.38 months), and rates of 1-year (53.0% vs 38.7%), and 2-year (27.0% vs 20.7%) survival were improved in patients receiving ST+SBRT vs ST alone, respectively (log-rank P=0.0054). Similarly in stage IV disease, median survival (11.79 months vs 5.72 months), as well as rates of 1-year (49.6% vs 26.2%), and 2-year (23.6% vs 12.0%) survival were superior in the ST+SBRT cohort (log-rank P<0.0001). On multivariate analysis of all patients, the receipt of SBRT was predictive for improved OS when adjusting for disease stage, performance status, receipt of IO, and tumor size (HR=0.748, 95%CI 0.588-0.951; P=0.0178). Negative prognostic factors for OS were stage IV disease (HR=1.509), primary tumor size > 5 cm (HR=1.354), and a Charlson-Deyo Score >0 (HR=1.106) (all P<0.0001). These results provide evidence for considering combined ST+SBRT in patients with advanced HCC and demonstrate the need for further prospective studies evaluating this treatment approach.

While TKIs and/or IO agents are first-line treatment options for advanced HCC, there is limited randomized data evaluating whether combining local treatment of gross disease with ST improves survival outcomes (4, 20–22). This strategy was tested in RTOG 1112, a randomized phase III trial of sorafenib with or without SBRT in Barcelona Clinic Liver Cancer (BCLC) stage B/C HCC patients (n=193) (12). The investigators noted a significant improvement in median OS from 12.3 months to 15.8 months with combined SBRT and sorafenib, with no increase in treatment-related toxicity. Nearly all (96%) of the advanced HCC patients in RTOG 1112 did not have metastatic disease and, therefore, the extrahepatic disease burden in these patients would be similar to the stage III HCC patients evaluated in this NCDB analysis. The more favorable median OS in RTOG 1112, however, may be explained by the fact that 40% of patients had a solitary lesion, whereas all AJCC stage III HCC patients in our study (by definition) had higher-risk disease with either multifocal tumors, vascular invasion, or locally advanced disease. Although it is difficult to compare survival endpoints between these different study populations, the median OS benefit of SBRT in RTOG 1112 (3.5 months) was similar to stage III HCC patients who received liver SBRT in this NCDB analysis (4.2 months). A limitation of the NCDB, however, is that it is not possible to abstract the specific ST regimen received by each individual patient. Because eligible patients in this NCDB analysis were treated in a similar time period as RTOG 1112 (2010–2020), it is expected that the majority of stage III patients received sorafenib as their first-line ST agent. This presumption is consistent with our study’s stage III patient characteristics, as 87.9% and 93.6% of ST+SBRT and ST alone patients, respectively, received “chemotherapy” alone (TKIs are classified as “chemotherapy” in the NCDB). Liver SBRT doses in our analysis (median: 37.5 Gy in 5 fractions) were also comparable to those in RTOG 1112 (range: 27.5-50 Gy in 5 fractions). While again it is difficult to directly compare the results of this retrospective NCDB analysis to RTOG 1112, the analogous outcomes in stage III disease strongly suggest a benefit to combined modality therapy in this patient population. Interestingly, the observed survival advantage with SBRT in these two studies is in contrast to three negative randomized trials of Yttrium-90 (Y90) TARE with or without sorafenib in localized HCC (23–25). As compared to Y90 and other LRT options for localized HCC, SBRT may have several potential advantages: (1) the incorporation of physician-defined margins for microscopic disease and geometric uncertainties in radiation delivery; (2) the ability to treat multiple hepatic and/or extrahepatic targets within a monoisocentric or separate radiation field; (3) enhanced tumoral responses and normal tissue repair secondary to fractionation of total radiation dose; (4) non-invasive treatment and lack of any significant anatomical limitations to radiation delivery (i.e., heat-sink effect with RFA, lung shunt fraction with Y90 TARE), and (5) possible abscopal and immunomodulatory responses to SBRT which may enhance systemic disease control (6). Given the lack of comparative and randomized evidence, however, it remains unclear which LRT option provides superior disease control. We strongly recommend multidisciplinary input in patients eligible for LRT, particularly when such approaches are combined with ST.

In stage IV disease, OS was also found to be significantly prolonged in the cohort receiving ST+SBRT, with a near-doubling of median OS (5.72 to 11.79 months) and the proportion of patients alive at 1- (26.2% vs 49.6%) and 2-years (12.0% to 23.6%) following diagnosis. There was no difference in metastatic disease burden in patients receiving ST alone or ST+SBRT, suggesting a balanced degree of extrahepatic disease between these two cohorts. Historically, ST alone was considered a standard approach in stage IV HCC; however, these results shed light on the idea that the ablation of locoregional and/or distant metastatic disease with SBRT may improve survival outcomes. In fact, several randomized trials in various cancer subtypes have demonstrated improved PFS and OS in stage IV patients undergoing ST with SBRT (13–17). The benefits of SBRT in this setting may also extend to patient quality of life, as SBRT to progressive sites may prevent complications and/or delay changes to potentially more toxic (and costly) next-line ST (26). This latter strategy may be particularly advantageous in HCC patients who have previously undergone a liver transplant and are receiving immunomodulatory drugs which may preclude them from receiving IO. In this setting, SBRT may offer these patients another “line” of therapy, whereby progressive sites can be treated with SBRT, and the patient can be maintained on their current ST strategy or observation. On the other hand, patients receiving IO may benefit from combined treatment with SBRT, as accumulating data reveal synergism when these treatment approaches are combined. For example, stereotactic radiation therapy may promote the expansion of tumor-antigen specific T cells and increase tumoral MHC-I expression, leading to more effective T cell-mediated killing (27, 28). Although IO is now a first-line option for advanced HCC, only 3.7% (ST alone) and 5.2% (ST+SBRT) of the stage III cohorts, and 4.8% (ST alone) and 11.8% (ST+SBRT) received IO in this analysis. This is a limitation of this study, as due to the period in which patient data was collected (2010-2020), it is likely that the majority of patients received first-line TKI therapy, and, thus, our results may not be generalizable to a more modern HCC population. For example, a patient captured from 2010 in our study is more likely to have received first-line TKI therapy than a patient captured in 2019 who would have likely been treated with an IO agent. To that end, it is unclear if the survival benefit of SBRT observed in this retrospective analysis would hold true if modern ST regimens incorporating IO were consistently utilized in our population. Immunotherapy use did demonstrate a trend towards improved OS on MVA, however, this was not statistically significant (HR=0.859, 95%CI 0.735-1.003; P=0.0538). In addition, the benefit of SBRT will need to be further assessed as next-generation sequencing techniques are utilized to develop personalized targeted drug therapies and new immunotherapy agents are introduced.

Although outside of the scope of this retrospective analysis, it is important to consider that there may be an increased risk for SBRT-related toxicities when radiation is delivered concurrently (or sequentially) with ST agents (29). While the majority of liver SBRT experiences report rates of grade 3 or greater toxicities to be less than 10%, this risk may be amplified in HCC patients with Child Pugh B/C liver dysfunction, extensive primary tumors, extrahepatic metastases in high-risk anatomic sites (such as the central lung/mediastinum), abutment of critical organs-at-risk (OARs), and in those receiving immunosuppressive medications (8, 9). Common abdominal OARs include the small/large bowel, duodenum, esophagus, and biliary tree; however, in stage IV disease, any anatomic site is potentially at risk. For example, the most common metastatic sites that received SBRT in our analysis were the spine, bones, brain, and chest/lungs; therefore, physician and institutional experience in providing multi-site SBRT is recommended when treating advanced HCC patients. This is particularly important when delivering SBRT in patients who have received antiangiogenic therapy (such as bevacizumab), as severe and grade 5 toxicities (most commonly fatal hemorrhage or bowel perforation) have been reported in the literature (30, 31). We look forward to the final results of ongoing phase I/II trials (ClinicalTrials.gov identifiers: NCT03817736, NCT03203304, NCT03316872) evaluating the role of combined SBRT and IO for advanced HCC, as this is a topic of growing interest and will offer further insights into the efficacy and potential toxicities of combined SBRT+IO.

There are several limitations to this study, chiefly its retrospective nature, which may introduce significant selection bias as well as inability to control for potentially confounding factors such as HCC etiology, Child-Pugh score, and treatment-related adverse events. Next, although data collected by the NCDB is done so at CoC-accredited hospitals, this data is often incomplete and can lead to errors in data analysis. We only included patients with complete AJCC staging and treatment information, which may limit the impact of any inconsistencies in data abstraction. The NCDB, however, does not adequately allow for the assessment of oligometastatic tumor burden (total number of metastases), which may bias our results toward improved outcomes in stage IV patients who received SBRT for a limited total number of metastases. We attempted to correct for this limitation by evaluating the metastatic tumor burden of patients, defined as the number of organ systems involved by metastatic disease at diagnosis. In the stage IV cohorts with evaluable data, there was no difference in metastatic tumor burden between these two groups. Other limitations include the small sample size of patients undergoing ST+SBRT in stage III (n=115, 1.1%) and stage IV populations (n=127, 1.3%), which may limit the power of some analyses, and lack of a known indication for SBRT. Patients in our analysis were diagnosed between 2010-2020 and may have received a variety of ST regimens. A significant limitation of the NCDB is that it does not contain specifics regarding which ST agents were provided to patients. Our results may, therefore, not be generalizable to modern patients who more commonly receive IO as part of their first-line treatment.

In this retrospective NCDB analysis of advanced (AJCC stage III/IV) HCC patients undergoing first-line ST with or without SBRT, it was found that those receiving ST+SBRT had improved median OS and rates of long-term survival at 1- and 2-years. On MVA, both stage III and stage IV patients significantly benefited from the addition of SBRT to ST. The results of this study demonstrate the need for further randomized prospective studies investigating the potential advantages and toxicities of combined modality therapy for advanced HCC. We propose that combined SBRT and modern doublet therapy ST strategies be considered in future prospective trials. Factors such as ST mechanism of action, SBRT dose/volume, immunotherapy use, oligometastatic disease burden, and liver transplant status should be considered in future analyses of HCC patients receiving ST+SBRT.





Data avalability statement

The data analyzed in this study is subject to the following licenses/restrictions: Datasets analyzed in this study were made available to the researchers by request to the American College of Surgeons National Cancer Database. Requests to access these datasets should be directed to https://www.facs.org/quality-programs/cancer-programs/national-cancer-database/.





Ethics statement

This National Cancer Database Analysis study was exempt from the local institutional review board.





Author contributions

AP: Data curation, Formal Analysis, Investigation, Methodology, Visualization, Writing – original draft, Writing – review & editing. AS: Writing – review & editing. JD: Writing – review & editing. RT: Writing – review & editing. NA-H: Data curation, Formal Analysis, Software, Writing – review & editing. JS: Conceptualization, Data curation, Formal Analysis, Investigation, Project administration, Supervision, Writing – original draft, Writing – review & editing.





Funding

The author(s) declare that no financial support was received for the research, authorship, and/or publication of this article.





Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.





Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fonc.2023.1290691/full#supplementary-material




References

1. Sung, H, Ferlay, J, Siegel, RL, Laversanne, M, Soerjomataram, I, Jemal, A, et al. Global cancer statistics 2020: GLOBOCAN estimates of incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J Clin (2021) 71(3):209–49. doi: 10.3322/caac.21660

2. Valery, PC, Laversanne, M, Clark, PJ, Petrick, JL, McGlynn, KA, and Bray, F. Projections of primary liver cancer to 2030 in 30 countries worldwide. Hepatology (2018) 67(2):600–11. doi: 10.1002/hep.29498

3. Park, S, Yoon, WS, and Rim, CH. Indications of external radiotherapy for hepatocellular carcinoma from updated clinical guidelines: Diverse global viewpoints. World J Gastroenterol (2020) 26(4):393–403. doi: 10.3748/wjg.v26.i4.393

4. Network NCC. NCCN clinical practice guidelines in oncology: hepatocellular carcinoma. National Comprehensive Cancer Network (2023).

5. Koay, EJ, Owen, D, and Das, P. Radiation-induced liver disease and modern radiotherapy. Semin Radiat Oncol (2018) 28(4):321–31. doi: 10.1016/j.semradonc.2018.06.007

6. Kim, MS, Kim, W, Park, IH, Kim, HJ, Lee, E, Jung, JH, et al. Radiobiological mechanisms of stereotactic body radiation therapy and stereotactic radiation surgery. Radiat Oncol J (2015) 33(4):265–75. doi: 10.3857/roj.2015.33.4.265

7. Ball, D, Mai, GT, Vinod, S, Babington, S, Ruben, J, Kron, T, et al. Stereotactic ablative radiotherapy versus standard radiotherapy in stage 1 non-small-cell lung cancer (TROG 09.02 CHISEL): a phase 3, open-label, randomised controlled trial. Lancet Oncol (2019) 20(4):494–503. doi: 10.1016/S1470-2045(18)30896-9

8. Rim, CH, Kim, HJ, and Seong, J. Clinical feasibility and efficacy of stereotactic body radiotherapy for hepatocellular carcinoma: A systematic review and meta-analysis of observational studies. Radiother Oncol (2019) 131:135–44. doi: 10.1016/j.radonc.2018.12.005

9. Lewis, S, Dawson, L, Barry, A, Stanescu, T, Mohamad, I, and Hosni, A. Stereotactic body radiation therapy for hepatocellular carcinoma: From infancy to ongoing maturity. JHEP Rep (2022) 4(8):100498. doi: 10.1016/j.jhepr.2022.100498

10. Apisarnthanarax, S, Barry, A, Cao, M, Czito, B, DeMatteo, R, Drinane, M, et al. External beam radiation therapy for primary liver cancers: an ASTRO clinical practice guideline. Pract Radiat Oncol (2022) 12(1):28–51. doi: 10.1016/j.prro.2021.09.004

11. Vogel, A, Martinelli, E, clinicalguidelines@esmo.org EGCEa, and Committee EG. Updated treatment recommendations for hepatocellular carcinoma (HCC) from the ESMO Clinical Practice Guidelines. Ann Oncol (2021) 32(6):801–5. doi: 10.1016/j.annonc.2021.02.014

12. Dawson, LA, Winter, KA, Knox, JJ, Zhu, AX, Krishnan, S, Guha, C, et al. NRG/RTOG 1112: Randomized phase III study of sorafenib vs. stereotactic body radiation therapy (SBRT) followed by sorafenib in hepatocellular carcinoma (HCC). J Clin Oncol (2023) 41(4_suppl):489–. doi: 10.1200/JCO.2023.41.4_suppl.489

13. Palma, DA, Olson, R, Harrow, S, Gaede, S, Louie, AV, Haasbeek, C, et al. Stereotactic ablative radiotherapy for the comprehensive treatment of oligometastatic cancers: long-term results of the SABR-COMET phase II randomized trial. J Clin Oncol (2020) 38(25):2830–8. doi: 10.1200/JCO.20.00818

14. Gomez, DR, Tang, C, Zhang, J, Blumenschein, GR, Hernandez, M, Lee, JJ, et al. Local consolidative therapy vs. Maintenance therapy or observation for patients with oligometastatic non-small-cell lung cancer: long-term results of a multi-institutional, phase II, randomized study. J Clin Oncol (2019) 37(18):1558–65. doi: 10.1200/JCO.19.00201

15. Iyengar, P, Wardak, Z, Gerber, DE, Tumati, V, Ahn, C, Hughes, RS, et al. Consolidative radiotherapy for limited metastatic non-small-cell lung cancer: A phase 2 randomized clinical trial. JAMA Oncol (2018) 4(1):e173501. doi: 10.1001/jamaoncol.2017.3501

16. Parker, CC, James, ND, Brawley, CD, Clarke, NW, Ali, A, Amos, CL, et al. Radiotherapy to the prostate for men with metastatic prostate cancer in the UK and Switzerland: Long-term results from the STAMPEDE randomised controlled trial. PloS Med (2022) 19(6):e1003998. doi: 10.1371/journal.pmed.1003998

17. Lehrer, EJ, Singh, R, Wang, M, Chinchilli, VM, Trifiletti, DM, Ost, P, et al. Safety and survival rates associated with ablative stereotactic radiotherapy for patients with oligometastatic cancer: A systematic review and meta-analysis. JAMA Oncol (2021) 7(1):92–106. doi: 10.1001/jamaoncol.2020.6146

18. Chiang, CL, Chan, ACY, Chiu, KWH, and Kong, FS. Combined stereotactic body radiotherapy and checkpoint inhibition in unresectable hepatocellular carcinoma: A potential synergistic treatment strategy. Front Oncol (2019) 9:1157. doi: 10.3389/fonc.2019.01157

19. Perez-Romasanta, LA, Gonzalez-Del Portillo, E, Rodriguez-Gutierrez, A, and Matias-Perez, A. Stereotactic radiotherapy for hepatocellular carcinoma, radiosensitization strategies and radiation-immunotherapy combination. Cancers (Basel) (2021) 13(2):192. doi: 10.3390/cancers13020192

20. Finn, RS, Qin, S, Ikeda, M, Galle, PR, Ducreux, M, Kim, TY, et al. Atezolizumab plus bevacizumab in unresectable hepatocellular carcinoma. N Engl J Med (2020) 382(20):1894–905. doi: 10.1056/NEJMoa1915745

21. Kelley, RK, Sangro, B, Harris, W, Ikeda, M, Okusaka, T, Kang, YK, et al. Safety, efficacy, and pharmacodynamics of tremelimumab plus durvalumab for patients with unresectable hepatocellular carcinoma: randomized expansion of a phase I/II study. J Clin Oncol (2021) 39(27):2991–3001. doi: 10.1200/JCO.20.03555

22. Reig, M, Forner, A, Rimola, J, Ferrer-Fabrega, J, Burrel, M, Garcia-Criado, A, et al. BCLC strategy for prognosis prediction and treatment recommendation: The 2022 update. J Hepatol (2022) 76(3):681–93. doi: 10.1016/j.jhep.2021.11.018

23. Ricke, J, Klumpen, HJ, Amthauer, H, Bargellini, I, Bartenstein, P, de Toni, EN, et al. Impact of combined selective internal radiation therapy and sorafenib on survival in advanced hepatocellular carcinoma. J Hepatol (2019) 71(6):1164–74. doi: 10.1016/j.jhep.2019.08.006

24. Chow, PKH, Gandhi, M, Tan, SB, Khin, MW, Khasbazar, A, Ong, J, et al. SIRveNIB: selective internal radiation therapy versus sorafenib in asia-pacific patients with hepatocellular carcinoma. J Clin Oncol (2018) 36(19):1913–21. doi: 10.1200/JCO.2017.76.0892

25. Vilgrain, V, Pereira, H, Assenat, E, Guiu, B, Ilonca, AD, Pageaux, GP, et al. Efficacy and safety of selective internal radiotherapy with yttrium-90 resin microspheres compared with sorafenib in locally advanced and inoperable hepatocellular carcinoma (SARAH): an open-label randomised controlled phase 3 trial. Lancet Oncol (2017) 18(12):1624–36. doi: 10.1016/S1470-2045(17)30683-6

26. Cheung, P, Patel, S, North, SA, Sahgal, A, Chu, W, Soliman, H, et al. Stereotactic radiotherapy for oligoprogression in metastatic renal cell cancer patients receiving tyrosine kinase inhibitor therapy: A phase 2 prospective multicenter study. Eur Urol (2021) 80(6):693–700. doi: 10.1016/j.eururo.2021.07.026

27. Sharabi, AB, Nirschl, CJ, Kochel, CM, Nirschl, TR, Francica, BJ, Velarde, E, et al. Stereotactic radiation therapy augments antigen-specific PD-1-mediated antitumor immune responses via cross-presentation of tumor antigen. Cancer Immunol Res (2015) 3(4):345–55. doi: 10.1158/2326-6066.CIR-14-0196

28. Reits, EA, Hodge, JW, Herberts, CA, Groothuis, TA, Chakraborty, M, Wansley, EK, et al. Radiation modulates the peptide repertoire, enhances MHC class I expression, and induces successful antitumor immunotherapy. J Exp Med (2006) 203(5):1259–71. doi: 10.1084/jem.20052494

29. Kroeze, SG, Fritz, C, Hoyer, M, Lo, SS, Ricardi, U, Sahgal, A, et al. Toxicity of concurrent stereotactic radiotherapy and targeted therapy or immunotherapy: A systematic review. Cancer Treat Rev (2017) 53:25–37. doi: 10.1016/j.ctrv.2016.11.013

30. Pollom, EL, Deng, L, Pai, RK, Brown, JM, Giaccia, A, Loo, BW Jr., et al. Gastrointestinal toxicities with combined antiangiogenic and stereotactic body radiation therapy. Int J Radiat Oncol Biol Phys (2015) 92(3):568–76. doi: 10.1016/j.ijrobp.2015.02.016

31. Wang, C, Rimner, A, Gelblum, DY, Flynn, J, Jackson, A, Yorke, E, et al. Analysis of toxic effects with antiangiogenic agents plus stereotactic body radiation in ultracentral lung tumors. JAMA Oncol (2019) 5(5):737–9. doi: 10.1001/jamaoncol.2019.0205




Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.


Copyright © 2023 Piening, Swaminath, Dombrowski, Teague, Al-Hammadi and Shahi. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc-13-1290691-g002.jpg
| probability

rvival

Sui

Log-rank P=0.0054

Number at risk
ST alone: 10390
ST+SBRT: 115

12
Months since diagnosis

4032
62

18

2906
40

24

2148
32

100

90 — ST alone

------ ST+SBRT
80

70

50

40

Survival probability

30
20

10
Log-rank P<0.0001

0 6 12 18 24
Months since diagnosis
Number at risk
ST alone: 9490 4605 2493 1609 1143

ST+SBRT: 127 92 64 43 31





OEBPS/Images/table1b.jpg
Treatment ST Alone ST+SBRT

(n=9490, (n=127,

98.7%) 1.3%)
Age at diagnosis 0.1493
<50 638 (6.8) 11 (8.7)
50-59 2698 (28.7) 32(25.2)
60-69 3754 (40.0) 51 (40.2)
70-79 1835 (19.5) 21 (16.5)
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Black 1719 (18.1) 17 (13.4)
Other 894 (9.4) 16 (12.6)
Charlson-Deyo Score 0.7736
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1 2230 (23.5) 30 (23.6)
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*NCDB coding classifies tyrosine kinase inhibitors as chemotherapy.
Italic values represent statistical significance of P<0.05.
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ST, systemic therapy; SBRT, stereotactic body radiation therapy; HR, hazard ratio; CI, confidence interval.
Italic values represent statistical significance of P<0.05.
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Spine 24 Gy (12-40) 3(1-5)
(n=41, 32.3%)

Liver (n=31, 24.4%) 35 Gy (14-60) 5 (1-5)
Non-spine bone 25 Gy (20-50) 5 (1-5)
(n=21, 16.5%)

Other* 30 Gy (14-40) 5 (1-5)
(n=15, 11.8%)

Brain (n=12, 9.4%) 24.5 Gy (18-30) 4(1-5)
Chest/Lung 40 Gy (24-51) 5 (3-5)
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Gy, Gray.

*Includes abdominal lymph nodes, eye/orbit, head and neck, abdomen, and unspecified sites.
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Treatment T Alone ST+SBRT P-value
10390, (n=115,

98.9%) 1.1%)
Age at diagnosis 0.8760
<50 525 (5.1) 5(4.3)
50-59 2914 (28.0) V 29 (25.2)
60-69 4071 (39.2) 47 (40.9)
70-79 2107 (20.3) 23 (20.0)
>80 773 (7.4) 11 (9.6)
Sex 0.0830
Male 8264 (79.5) 99 (86.1)
Female 2126 (20.5) 16 (13.9)
Race » ‘ 0.7414
White V 7374 (71.0) V 85 (73.9)
Black ‘ 1811 (17.4) 19 (16.5)
Other 1205 (11.6) 11 (9.6)
Charlson-Deyo Score 0.6407
0 5216 (50.2) 63 (54.8)
1 2424 (23.3) 24 (20.9)
2 1008 (9.7) 8(7.0)
3 1742 (16.8) 20 (17.4)
Income 0.6019
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26th-median 2176 (24.3) 21 (21.6)
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>75th percentile » 2343 (26.2) 29 (29.9)
Facility type 0.0002
Community
Cancer Program 425 (4.1) 2(1.8)
Comprehensive
Community
Cancer Program 2704 (26.4) 13 (11.6)
Academic/
Research Program 5456 (53.2) 82 (73.2)

Integrated Network

Cancer Program 1662 (16.2) 15 (13.4)

Primary tumor

size (mm) 0.0451
0-40 642 (11.1) 10 (19.6)

41-70 2135 (37.0) 24 (47.1)
71-100 1536 (26.6) 8 (15.7)
>100 1454 (25.2) 9 (17.6)

ST treatment type » 0.0158
Chemotherapy* 9720 (93.6) 102 (87.9)
Immunotherapy 388 (3.7) 6(5.2)
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Median time to
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“NCDB coding classifies tyrosine kinase inhibitors as chemotherapy.
Italic values represent statistical significance of P<0.05.





