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Abstract

Background: The pandemic of coronavirus disease 2019 (COVID-19) has diverted resources
from healthcare services for patients with chronic medical illness such as cancer. COVID-19
also causes organ dysfunction, complicating cancer treatment. In most countries with an out-
break of COVID-19, modifications of cancer management have been adopted to accommo-
date the crisis and minimize the exposure of cancer patients to the infection. In countries
where COVID-19 numbers are subsiding, medical teams should also be prepared to resume
normal practices gradually. Here, we aim to review the literature on the impact of COVID-19
on patients with hepatocellular carcinoma (HCC) as well as discuss modifications to the man-
agement of HCC during and after recovery from the pandemic. Summary: Based on current
data, 10-40% of patients with COVID-19 have hepatic injury characterized by an elevation of
transaminases and/or hyperbilirubinemia. Multiple mechanisms contribute to the hepatic in-
jury, including direct viral entry to hepatocytes/cholangiocytes, immune-mediated hepatitis,
hypoxia, and drug-related hepatotoxicity. In patients with HCC, COVID-19 may exacerbate
existing chronic liver disease and complicate the management of cancer. Cancer patients gen-
erally have a higher risk of infection and worse outcome, especially those who have recently
undergone cancer treatment. Although HCC is under-represented in COVID-19 series, mitiga-
tion measures should be implemented to minimize the exposure of patients to the virus. A
decision on the treatment of HCC should be balanced with consideration of the availability of
medical resources, the level of infection risk of COVID-19, and the risk-benefit ratio of the in-
dividual patient. In areas where the COVID-19 outbreak is subsiding, clinicians should be pre-
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pared to manage a surge of HCC patients with higher disease burdens and complications. Key
Messages: Mitigation measures to protect at-risk patients, such as those with cancers, from
SARS-CoV-2 infection should be exercised and the impact of COVID-19 on this group of pa-

tients should be thoroughly studied. © 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Coronavirus disease 2019 (COVID-19), caused by the severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2), has led to a global pandemic in 2020. As of July 26, 2020, more than
15 million people have been diagnosed COVID-19 with over 600,000 deaths [1]. The pandemic
has placed huge pressure on the healthcare system globally. Apart from influences on specialties
of general medicine and critical care, clinical services of cancer patients have also been signifi-
cantly affected in multiple aspects. Firstly, the time-critical nature of diagnosis for COVID-19 and
the large number of patients requiring hospital admission have inevitably diverted resources
away from existing cancer services. In particular, up to 20% of patients with COVID-19 infection
require intensive care and/or assisted ventilation support, resulting in a shortage of anesthetists
for surgeries related to cancers [2-4]. This problem is worse in areas with major outbreaks,
where medical staff from multiple specialties are temporarily recruited to manage COVID-19 or
triage patients with fever. Secondly, cancer patients frequently require close follow-up for anti-
neoplastic treatment and monitoring of toxicity. Therefore, they are prone to both community
and nosocomial exposure to SARS-CoV-2 during travel to medical facilities. Furthermore, epide-
miological data suggest that cancer patients are more susceptible to infection with SARS-CoV-2
due to their immunocompromised states [5]. Thirdly, SARS-CoV-2 has been shown to potentially
cause dysfunction in multiple organs, including respiratory, cardiovascular, neurological, immu-
nological, and gastrointestinal systems [6-11]. Dysfunction of single or multiple organ systems
will further complicate the prognosis and management of cancers.

Hepatocellular carcinoma (HCC) is the sixth most common cancer in the world, which
accounts for approximately 6% of all cancer incidences [12]. For the past decade, while there
has been a reduction in cases of HCC in Asia, the incidence of HCC has gradually increased in
Western countries, rendering HCC a more global health problem [13, 14]. Compared to other
cancers, HCC patients are more susceptible to the effects of the COVID-19 pandemic because
the hepatic injury (discussed further below) caused by SARS-CoV-2 could complicate the
existinghepatitisvirusinfectionand cirrhosisinmostHCC patients. Furthermore, management
of HCC relies heavily on multidisciplinary approaches involving hepatobiliary surgeons,
interventional radiologists, hepatologists,and oncologists, which are susceptible to disruption
of the stressed medical system during the pandemic [15]. Extra coordination is necessary
amongst different specialties to maintain clinical services to patients with HCC. This article
aims to review the literature on the impact of the COVID-19 on HCC and discuss the interim
measures on the management of HCC during and after the COVID-19 pandemic.

Impact of COVID-19 on the Liver

Current data, mainly retrospective cohort studies, show that 15-54% of patients with
confirmed COVID-19 have hepatic injury, typically manifested as an elevation of alanine
aminotransferase (ALT) and/or aspartate aminotransferase (AST), which is occasionally
accompanied by a mild degree of hyperbilirubinemia (Table 1) [2, 4, 16-21]. Raised gamma-
glutamyl transferase has also been reported in up to 54% of patients with COVID-19, and
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Table 1. Rate of abnormal liver function tests in patients with COVID-19

Study Sample size, n Pre-existing chronic liver Abnormal liver functions
disease/liver conditions, %

Huangetal. [17] 41 2.4 Elevation of AST: 36.6%

Guan et al. [2] 1,099 2.1 Elevation of AST: 22.2%; ALT: 21.3%);
total bilirubin: 10.5%

Caietal. [53] 298 2.7 Elevation of AST: 8.7%; ALT: 8.7%;
total bilirubin: 3.1%

Fan et al. [54] 148 5.4 Elevation of AST: 21.6%; ALT: 18.2%);
total bilirubin: 6.1%

Wang et al. [19] 138 2.9 N/A

Shi et al. [18] 81 8.6 Elevation of AST: 53.1%

Xu et al. [20] 62 11.3 Elevation of AST: 16.1%

Yang et al. [4] 52 N/A 28.8%*

Zhang et al. [23] 56 3.6 28.6%*

ALT, alanine aminotransferase; AST, aspartate aminotransferase; N/A, not available.
@ Specific liver function parameters were not reported.

alkaline phosphatase (ALP) may be disproportionately increased compared to ALT/AST
levels [22, 23]. In most patients, the hepatic injury is transient but permanent damage has
been reported in severe cases of COVID-19 [16, 23]. The degree of hepatic dysfunction is also
worse in patients with more severe COVID-19 [2, 17].

The mechanism of hepatic injury is likely multifactorial (Fig. 1). Direct cytopathic effects
of the virus on hepatocytes and/or cholangiocytes via the angiotensin-converting enzyme 2
receptor, immune-mediated inflammation, and hypoxia from pneumonitis have been postu-
lated to be potential mechanisms [9, 22]. An indirect mechanism, especially the drug-related
hepatotoxicity, is also possible (Fig. 1) because patients with severe COVID-19 are usually
treated with multiple antivirals, antibiotics, and supportive agents. Amongst those agents,
lopinavir/ritonavir could increase liver enzyme levels, and the administration of tocilizumab
for disease-induced cytokine release syndrome is associated with increased AST/ALT levels
and risk of toxic hepatitis [24].

Globally, approximately 1.5 billion people have chronic liver disease, mainly due to viral
hepatitis and alcoholic and non-alcoholic fatty liver disease [25, 26]. According to different
reported series of COVID-19, 2-11% of patients have comorbid liver disease [2, 4, 16-20].
Amongst these patients, COVID-19 could inflict additional hepatic injury or even hepatic
decompensation in patients with compromised hepatic reserves. In addition, the potential
immunosuppressive property induced by the SARS-CoV-2 may lead to viral reactivation in
patients with chronicviral hepatitis [27,28].Inresponse to hepaticinjury caused by COVID-19,
most guidelines recommend an assessment of hepatic function, including ALT, AST, ALP, GGT,
albumin and total protein, total bilirubin, and prothrombin time, in patients with a diagnosis
of COVID-19 [29, 30]. More intensive monitoring is indicated for severe cases or patients
treated with tocilizumab or lopinavir/ritonavir. In the case of jaundice or hyperbilirubinemia,
the need for imaging or endoscopic procedures should be judiciously balanced against the
risk of unnecessary exposure of patients and healthcare providers.
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Fig. 1. Impact of SARS-CoV-2 on
the liver and HCC.

Impact of COVID-19 on Cancers

A number of cohort studies on COVID-19 amongst cancer patients or survivors has been
reported, with the key findings summarized in Table 2. Several observations can be made
from those studies. Firstly, patients with cancer are at a higher risk of suffering from COVID-19
than non-cancer patients. According to a cohort study of cancer patients in China, risk factors
for the development of COVID-19 include a diagnosis of non-small cell lung cancer and an age
above 60 years [5].Secondly, it was generally demonstrated that the development of COVID-19
in cancer patients was associated with worse outcomes, including a higher admission rate to
intensive care units and higher mortality, than in non-cancer COVID patients [5, 31, 32]. For
example, a study identified 18 patients with a history of cancer from a prospective 1,590-
patient national database of COVID-19 in China [31]. In the study, it was shown that cancer
patients had a shorter median time to deterioration (13 days) as compared to 43 days in
patients without cancer. In the same report, there was also a higher chance of severe events,
defined as admission to an intensive care unit requiring invasive ventilation or death, in
cancer patients (39%) than in patients without cancer (8%). Thirdly, apart from the history
of cancer, recent cancer treatment may also exacerbate the outcome of COVID-19. According
to one retrospective study of cancer patients with COVID-19 infection in three hospitals in
Wuhan, having had cancer treatment within the previous 14 days was associated with a
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higher risk of adverse events (hazard ratio = 4.1; p = 0.037) [33]. The authors of the study
suggested anticancer treatment-related immunosuppression to be a main reason for the poor
outcomes [33]. However, further delineation of etiology between the specific type of treatment
and adverse events was not possible in the study due to the small sample size with highly
heterogeneous treatment modalities.

Impact of COVID-19 on Liver Cancers

HCC is underrepresented in most currently available studies on cancer patients with
COVID-19 infection (Table 2). In data from China, only 2 HCC patients were recruited in the
retrospective series [33]. More robust experience with HCC came from a series reported by
an Italian center [34]. The group has handled the COVID-19 crisis by modifying clinical prac-
tices in the management of HCC to minimize patients’ exposure to the virus. In the study, the
authors compared 42 HCC patients between February 24 and March 20, 2020 (during the
COVID-19 outbreak in Italy) to patients treated during the same period in 2019 (before the
COVID-19 outbreak), and found that 11 patients (26%) had delay of treatment of 2 months
or longer [34]. The modalities of delayed treatment were mostly trans-arterial procedures (8
patients), followed by thermal ablation (3 patients) and systemic treatment (2 patients). In
the study, all three thermal ablations were performed as alternative treatments to surgeries.
Although it is unclear whether these modification and delays will significantly affect the long-
term outcomes of HCC, this study represents the best effort that clinicians have made to help
patients with HCC during this difficult period. It is expected that influences will be more
significant in regions with a high incidence of HCC. Therefore, additional coordination may be
required to unify the arrangement of adjusting treatment amongst different specialties
according to the latest local COVID-19 situation.

Modification of Management of HCC during the COVID-19 Pandemic

Given the limitations imposed by the pandemic, a consensus amongst clinicians has been
that deviations from the standard of care are necessary during the management of HCC.
Guidelines on cancer management have been drafted by the international cancer organi-
zation (e.g., American Society of Clinical Oncology [ASCO] [35] and the European Society of
Medical Oncology [ESMO] [36]) or local guidelines (e.g., the National institute for Heath and
Care Excellence [NICE] [37] in the UK). Specific guidelines on liver disease and HCC have also
been published by the American Association for the Study of Liver Disease (AASLD), The
European Association for the Study of the Liver (EASL) [38], and the International Liver
Cancer Association (ILCA) [30], respectively.

The first principle of modification of clinical practice is to defer treatment to reduce
the spread of SARS-CoV-2 amongst cancer patients. The second principle is to modify
treatment according to the best evidence and availability of resources in each specialty.
Modifications should made in the context of multidisciplinary settings with clear docu-
mentation so that principles of clinical governance and accountability are maintained. This
may also facilitate the collection of data for future study on the impact of COVID-19 on
cancer outcomes. During consultations, patients should be made aware of the impact of
COVID-19 on treatment options and the risks and benefits should be fully discussed to
enable them to make an informed decision. While the extent of the negative impact on
clinical care for HCC patients remains unclear and may vary between settings, regions, and
countries, it is important to review the impact on cancer treatment and explore the alter-

1
Karger <

496



Liver Cancer 2020;9:491-502

497

Liver Cancer

DOI: 10.1159/000510765

© 2020 The Author(s). Published by S. Karger AG, Basel

www.karger.com/lic

Chan and Kudo: SARS-CoV-2 and HCC

During the COVID-19 pandemic

O

Minimize exposure of Accommodate services

patients to SARS-CoV-2 I [ESpeEe e
diverted resources

Mitigation measure/alternative
management

Multidisciplinary tumor board
« Switch to web-based meetings
« Focus on discussion of patients’ imaging findings

Early-stage HCC

» More stringent patient selection

« Consider ablation in suitable patients

 Consider pre-operative treatment e.g., TACE,
systemic therapy, radiotherapy

« Temporary suspension of elective trasplantation

Intermediate-stage HCC
» Make use of currently available clinical systems
to select patients for TACE (e.g., BCLC B
subclassification, HAP score, beyond seven criteria)
« On-demand TACE is preferred over regular TACE
» Consider TACE to minimize immunosuppression
 Replace TACE with systemic therapy

Advanced-stage HCC

« Follow-up of BP, urine protein, and common toxicity
of TKI by community doctors

« Dose adjustment of TKI by telemedicine

« Oral TKI to be dispensed by post

« Use alternative less frequent dosing of immune
checkpoint inhibitors (if approved locally)

« Supportive care/surveillance for patients with
borderline hepatic function

Follow-up

« Scheduled scan may be delayed if there is no clinical
evidence of progression

« Clinical follow-up to be replaced by telemedicine

After the COVID-19 pandemic

l

Resumption of services

« Backlog of patients
due to deffered/
cancelled follow-up
treatment

* Interval progressive
disease of HCC

* Increased patients
with hepatic
decompensation

+ Continued triage/
screening procedure
for COVID

* Physical distancing in
clinic

* Prioritization of
treatment to patients
with more urgent needs
(e.g., treatment with
curative intent; HCC
at risk of life-threating
complications)

« Temporary addition of
clinic session or quota

* Improved
coordination/simplified
referral between
specialities

* Psychological
counselling of patients

Fig. 2. Modification of management during the COVID-19 pandemic and considerations for resuming ordi-

nary services after recovery from the pandemic.

native options when resources are limited. Figure 2 illustrates the potential interim
measures on the management of HCC during the COVID-19 pandemic. A few areas have

been highlighted for discussion below.

Multidisciplinary Team Tumor Board

Multidisciplinary team meetings amongst different specialties is preferably switched to
web-based meetings as part of social distancing measures. Since radiological features play a
crucial role in deciding the treatment modality for HCC, online discussion of imaging, together
with clinical information, should be able to help shortlist or decide the suitable treatment
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modality for most patients. The local COVID-19 conditions and its impact on delivery of
treatment in each specialty should also be considered during the process of decision making
for the treatment of HCC.

Early-Stage HCC

The capacity of individual centers for surgical resection may be reduced by a shortage of
intensive care unit beds and anesthetic facilities during the COVID-19 pandemic. To reduce
waiting times for surgery and avoid interval progression during waiting, clinicians could
prioritize surgery for patients with a smaller disease burden. Alternative definitive treatment,
such as radiofrequency and microwave ablation, may be considered for cases with a tumor
size and number within the criteria for complete ablation [39]. For HCC beyond ablation
limits, upfront trans-arterial treatment [40], systemic treatment [41, 42], and radiotherapy
[43] may be considered in centers where radiological and oncological services are less
affected by the pandemic. Liver transplant services may also be slowed down or temporarily
suspended for HCC due to a shortage of donors and reduced anesthetic capacity.

Intermediate-Stage HCC

At centers in which transarterial chemoembolization (TACE) services are affected by the
pandemic, more selective criteria may be applied to identify patients who are expected to
derive more benefits from TACE. In the literature, a number of clinical systems, such as the
Barcelona clinic liver cancer stage B subclassification [44], the HAP score [45], and the
“beyond-up-to-seven” criteria [46], have been reported to stratify outcomes of patients
undergoing TACE. Based on local experience, a multidisciplinary team may make decisions
on the choice of clinical systems and corresponding cut-off criteria to select patients for
commencing TACE. For the subsequent TACE, an on-demand approach is preferred to a
regular treatment approach. In case TACE services cannot readily be given to patients,
systemic treatment or surveillance with regular imaging may be an alternative approach for
intermediate-stage HCC [30].

Advanced-Stage HCC

To reduce travelling times and frequencies, patients treated with oral multitargeted
tyrosine kinase inhibitors may be followed up in clinics at longer intervals during the
pandemic. If applicable, patients’ tolerance and clinical status may be monitored by telephone
consultation or another telemedicine interface when frequent clinical visits are not feasible.
Management of less complicated toxicities, such as hypertension, dermatological problems,
and diarrhea, may be handled by community doctors after coordination with parent teams.
For immune checkpoint inhibitors, a less frequent schedule of infusion may be considered if
the risks of travel are considered excessively high. For nivolumab and pembrolizumab, alter-
native less frequent dosing regimen have been reported in other cancer types, which may be
extrapolated to be used in HCC patients during the pandemic [47, 48].

Clinical Trials

Regulatory bodies have published guidance on handling clinical trials in response to the
pandemic, with the main principle being the flexibility of implementing trial procedures to
protect patients [49-51]. Due to social distancing policies in most countries, the number of
protocol deviations is expected to increase during the pandemic. It is important for investi-
gators to document protocol deviations and closely communicate with regulators and
sponsors. Safety of trial participants should always be the top consideration in decision
making and following of clinical trial procedures. Therefore, the risk/benefit assessment
should be continuously monitored during conduct of clinical trials while the pandemic is
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ongoing. In any case, if a trial subject is at excessive risk due to trial procedures or treatments,
modification or even interruption of accrual is indicated. When supply of study medications
is interrupted, patients should be considered for alternative drug treatments for HCC. For
example, sorafenib orlenvatinib may be supplied as an interim treatment during the cessation
period [30]. On-site monitoring may be challenging in areas with a high incidence rate of
COVID-19. Alternative monitoring strategies should be decided amongst sponsors, the clinical
research organization, and investigators, with particular consideration of patient and data
confidentiality. Remote monitoring focusing on more important data on patient safety and
data quality may be a reasonable alternative.

Considerations on the Resumption of Services after the Pandemic

It is foreseeable that the COVID-19 pandemic will resolve gradually in the future, and
most medical services will be resumed afterwards. For HCC, four considerations are essential
during planning for the resumption of ordinary services (Fig. 2). Firstly, a rebound in the
number of patients and appointments is unavoidable due to the backlog of deferred or
cancelled appointments during the pandemic. To accommodate the surge in demand, a well-
structured triage strategy is required to prioritize clinical appointments, investigations, and
treatments to patients with more imminent needs, with examples including those with HCCs
amenable to treatment with curative intent or patients at risk of a ruptured tumor. An extra
clinic session or quota may be required to cater for the demand, although this is expected to
be very challenging in the first few months of service resumption. Secondly, interval
progression of HCCs may have occurred in patients with a more aggressive tumor biology
during the pandemic as a result of the delay or cessation of treatment. The proportion of
patients with more advanced HCC may also increase due to interruption of surveillance
programs in cirrhotic or high-risk patients. Additional resources may be required to offer
treatment for these groups of patients. Thirdly, it is anticipated that cirrhotic patients may be
more prone to hepatic decompensation during the social lockdown period as a result of high-
risk behavior such as increased alcohol intake, consumption of high-salt processed food, and
lack of assess to supportive medications/antivirals, etc. [52]. The worsened hepatic function
in these patients will inevitably complicate the management plan of HCC. More aggressive
treatment (e.g., diuretics) and monitoring of hepatic function may be required prior to
commencing treatment for HCC in these patients. Finally, precautionary measures will still be
required to prevent the spread of SARS-CoV-2 within clinical areas in case of a return of the
outbreak. Therefore, triage procedures including screening of respiratory symptoms, temper-
ature checking, screening of travel and contact history should still be implemented for every
visiting patient according to the local guidance. Physical distancing, including limiting the
number of patients and accompanying individuals, in the clinical area should be considered.

Future Directions

There remain a few pertinent questions regarding the impact of the pandemic on HCC. Consid-
ering HCC patients who are diagnosed with COVID-19, do they differ from other cancer COVID-19
patients in terms of prognoses and hepatic dysfunction? For general HCC patients, how does the
modification of clinical practice during the pandemic affect the outcomes of patients? Are patients
receiving immune checkpoint inhibitors more susceptible to COVID-19 or its related complica-
tions? The answers to these questions are unknow at this juncture, but with more data emerging
from different countries it is expected that some may be addressed in the nearest future.
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Conclusion

The COVID-19 pandemic has become a major public health challenge to the integrity of
healthcare systems in many countries, and its negative impact on medical care for cancer
patients is a concern. During the pandemic, interim adjustment of clinical management is
necessary to minimize patients’ risk to the infection and divert resources to handle the
outbreak. When the community is gradually recovering from the pandemic, the medical field
is also expected to face challenges during the resumption of clinical services for HCC patients.
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