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The uncontrollable COVID-19 crises in the SARS-CoV-2 high-prevalence areas have greatly disrupted the routine treatment of liver cancer and triggered a role transformation of radiotherapy for liver cancer. The weight of radiotherapy in the treatment algorithm for liver cancer has been enlarged by the COVID-19 pandemic, which is helpful for the optimal risk-benefit profile.
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Highlights

	1. The weight of radiotherapy in the treatment strategies for liver cancer has been enlarged by SARS-CoV-2.

	2. Carbon ion radiotherapy (CIRT) possesses unique advantages to fight against SARS-CoV-2 and liver cancer synchronously.

	3. CIRT or stereotactic ablative radiotherapy (SABR) could be used as a bridge for the delayed surgery due to the COVID-19 crisis.

	4. Hypofractionation regimens of radiotherapy should be adequately utilized in the applicable liver cancer patients to relieve the COVID-19 pressure on limited healthcare resources in the specific areas undergoing the uncontrollable COVID-19 crisis.





Introduction

The COVID-19 pandemic caused by SARS-CoV-2 has been going on for more than two years, inducing unprecedented social turmoil and triggering a comprehensive transformation of medical systems on a global level (1–3). After the Delta variant of SARS-CoV-2, Omicron has caused a new epidemic peak worldwide at the beginning of 2022 (3, 4). As of 19 August 2022, SARS-CoV-2 has caused more than 591.68 million confirmed cases and 6.44 million deaths according to the reported data by WHO (4). In addition, the COVID-19 excess mortality collaborators estimated that 18.2 million people died worldwide due to the COVID-19 pandemic between Jan 1, 2020, and Dec 31, 2021 (1), which is far more than the death number reported by WHO.

Pandemics in human history, such as the 1918 H1N1 pandemic with an estimated 50 million deaths as a representative (5), have taught us it is necessary to remain vigilant against the COVID-19 pandemics and do everything we can to save as many lives as possible. Timely life-saving is the foremost principle to reduce death in the context of the unprecedented COVID-19 crisis worldwide. Therefore, various novel solutions have been proposed to fight against SARS-CoV-2. Dhawan et al. (6) presented a novel idea of low-dose radiotherapy as a potential lifesaving treatment for COVID-19-induced acute respiratory distress syndrome based on substantial correlational studies. Verna et al. (7) indicated that COVID-19 should become the preferred research subject in response to this pandemic. As a matter of fact, the routine treatment of liver cancer was disrupted by the COVID-19 pandemic (8, 9). The dilemma of liver cancer treatment needs to be noticed and further explored (10). Therefore, we expounded the role transition of radiotherapy in this mini review, which is a pragmatic solution for the balance between the risk of SARS-CoV-2 infection and malignant death of liver cancer during the unprecedented COVID-19 crisis.



The dilemma of liver cancer treatment

The liver cancer patients receiving surgery are at higher risk of SARS-CoV-2 infection because of their immunocompromised state and other poor holistic conditions (11, 12). Moreover, it is associated with worse prognosis when liver cancer patients are infected with SARS-CoV-2 concomitantly (11). In fact, routine surgery is unavailable for some appropriate patients with liver cancer because of the high risk of SARS-CoV-2 infection for both surgeons and patients in the specific areas undergoing the uncontrollable COVID-19 crisis (SAUCCC) (8, 9, 13, 14). On the other hand, the malignant death of liver cancer patients has greatly increased due to giving up or postponing surgery, a compromise strategy occurring because of the COVID-19 pandemic (8, 9, 15, 16). What is the solution for the dilemma to balance the risk of SARS-CoV-2 infection and the risk of malignant death of liver cancer?



Radiotherapy for liver cancer in the COVID-19 era

Maybe the COVID-19 era is a primetime for the single-fraction (or shortened-course) radiotherapy in treating applicative liver cancer, which has been placed great expectations (10, 17, 18). Aitken et al. (19) proposed that surgery for the patients with liver cancer could be provisionally replaced by the non-invasive stereotactic ablative radiotherapy (SABR) during the unprecedented COVID-19 crisis. Moreover, SABR could offer outpatient ablative approach with minimal hospital footfall and with lower immunosuppressive risk than chemotherapy, which is significant to minimize the risk of SARS-CoV-2 infection in the SAUCCC (19). Some preliminary evidence revealed that SABR could offer comparable anticancer effectiveness compared with surgery (20–22). However, the conservative paradigm, SABR is only used as a bridge for the delayed surgery due to COVID-19 (23), should be considered as the preferred strategy until we obtain the conclusive evidence of comparison between SABR and surgery. Compared with SABR, carbon ion radiotherapy (CIRT) is a better alternative strategy to the delayed surgery for liver cancer due to its multidimensional superiorities (10, 24–26), including target conformity, immune system and normal liver tissues sparing, relative biological effectiveness (RBE), total duration of treatment, and so on.

The inherently physical and biological superiorities enable CIRT to break through the limitations of conventional radiotherapy modalities in the treatment of liver cancer, maximize the anti-cancer efficacy while minimizing hepatotoxicity and immune-toxicity (10, 25, 26). CIRT possesses unique advantages to fight against COVID-19 and liver cancer synchronously in the SAUCCC (10, 24). Cutting off transmission routes could be well realized in the process of CIRT by the environmental eradication of SARS-CoV-2 and the remote treatment with the help of ultra-modern artificial intelligence (including robot) in the future (10, 27, 28). CIRT also has the superior capacity to protect vulnerable populations (patients with liver cancer) in the SAUCCC, which could be summarized as follows (10, 24). (a) The peculiarities of precision and non-invasion enable CIRT to preserve a better overall status (including immunity) for liver cancer patients to resist SARS-CoV-2 infection. (b) The duration of hospitalization, a crucial factor associated with the risk of nosocomial cross-infection of SARS-CoV-2, could be significantly shortened by CIRT because of its fewer fractions and shorter course than conventional radiotherapy modalities. (c) Single-fraction (or shortened-course) CIRT by the outpatient ablative approach could minimize the risk of SARS-CoV-2 infection by minimizing the exposure frequency and total duration of nosocomial SARS-CoV-2 source. Therefore, single-fraction (or shortened-course) CIRT would be the optimal strategy for some specific patients with liver cancer during the COVID-19 crisis.

SARS-CoV-2 Delta and Omicron Variants have caused unprecedented waves of epidemic peak respectively in 2021 and 2022 (3, 4). A viewpoint claimed that the toll on non-COVID-19 patients will be much greater than COVID-19 deaths (16). In fact, the death of both patients with COVID-19 and without COVID-19 greatly increased when the medical resources became unprecedented shortage due to the severe COVID-19 epidemics and the sequelae of COVID-19 (1, 2, 16, 29–32). Accordingly, it is imperative to improve the utilization rate of inpatient and outpatient care in the SAUCCC. The similar predicament of liver cancer patients could be alleviated by CIRT on account of its superior turnover rate of hospitalization and the single-fraction (or few fractions) capacity of outpatient treatment (10, 24). However, currently only a few countries have the equipment and technology of CIRT, including Japan, Germany, Italy, China, Austria, and America. Therefore, photon and proton SABRs are the feasible alternative strategies to CIRT in the regions without CIRT resource (18–20, 33). In order to achieve the above advantages of CIRT, hypofractionation regimens for photon and proton radiotherapy should be adequately utilized to shorten treatment schedules for liver cancer patients in the SAUCCC when feasible and appropriate (18, 33, 34). Compared with photon, proton radiotherapy has the superiority of Bragg peak that allows for the pinpoint delivery of maximum sharp energy deposition to tumors while minimizing toxicity to the surrounding noncancerous tissues and organs. Therefore, the optimized potentiality of proton radiotherapy, such as the novel FLASH approach with pencil beam scanning (33), should be fully appreciated and exploited for liver cancer patients in the SAUCCC.

There are many treatment modalities for patients with liver cancer. The role of radiotherapy was very limited in the treatment of liver cancer before the COVID-19 pandemic (17). However, the weight of radiotherapy in the treatment algorithm has been enlarged by SARS-CoV-2 (17). Systemic chemotherapy is associated with significantly deteriorated conditions of immune-system, high risk of SARS-CoV-2 infection and worse prognosis of patients with COVID-19 concomitant (11, 12). Compared with SABR (CIRT), surgical resection emerged the limitation of higher risk of SARS-CoV-2 infection in the SAUCCC (10, 17, 28). Compared with surgery by the surgical team in the operating room, SABR (CIRT) has a unique advantage on account of its special ability to treat patients with isolation in the radiation delivery compartment, which should be fully exploited and further enlarged with the help of artificial intelligence (including robot) in the SAUCCC (10, 17, 28). As we all know, artificial intelligence has made a breakthrough for the COVID-19 prevention and control in the pandemic (27, 28, 35, 36). The risk of SARS-CoV-2 infection during the course of radiotherapy will become more controllable in the SAUCCC when radiotherapy could realize completely remote treatment with the help of ultra-modern artificial intelligence in the future (27, 28).



Discussion

It is unclear whether Omicron BA.2, BA.4, or BA.5 will trigger a new epidemic peak. It is also unclear whether new-type and more dangerous variants of SARS-CoV-2 will appear based on the large base of global COVID-19 patients (37, 38). However, it is definitely clear that more than six million deaths at least were directly caused by COVID-19, which should not be overlooked as an inanimate number (1, 4). Each death number is an irreplaceable life with a potential broken family behind it. In addition, the sequelae of COVID-19, probably including severe acute hepatitis in children emerged in some countries (39), are continually adding to the healthcare burden, causing further shortage of the limited healthcare resources in the SAUCCC (16, 29–32, 40, 41).

As a response to the severe COVID-19 crisis in the SAUCCC, multidimensional adjustments of radiotherapy have continuously updated to deal with the negative impact on the cancer treatment during the COVID-19 pandemic (10, 17–19, 23, 24, 28, 34, 42, 43). The role of radiotherapy in the treatment of liver cancer has undergone a significant shift due to the pandemic (10, 18), which is necessary for similar dilemmas in the future. There exists the similar role transition of radiotherapy in the treatment of lung cancer and pancreatic cancer (18, 23, 24).

Although comparative clinical trials with the control group are beneficial to provide stronger and more comprehensive evidence support for clinical decision-makings, it is difficult to carry out prospective controlled clinical trials because of medical ethics and other actual or adverse factors during the COVID-19 crisis. Actually, the currently available data are necessary for emergency decision-makings due to the timeliness and feasibility limitations of clinical trials in the real COVID-19 world.

Collectively, SABR (CIRT) is feasible to offer the optimal risk-benefit results for applicable liver cancer patients undergoing delay of surgery in the SAUCCC. We believe that personalized radiotherapy strategy after sufficient optimization will be helpful to minimize the risk of cancer malignant death and SARS-CoV-2 infection synchronously. We also believe that radiotherapy will become more and more important if we can bring its unique advantages into full play by the ultramodern technology during the unprecedented COVID-19 crisis.
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