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1 | INTRODUCTION

Abstract

Background & Aims: Information about the impact of severe acute respiratory syn-
drome coronavirus 2 (SARS-CoV-2) in patients with liver cancer is lacking. This study
characterizes the outcomes and mortality risk in this population.

Methods: Multicentre retrospective, cross-sectional, international study of liver can-
cer patients with SARS-CoV-2 infection registered between February and December
2020. Clinical data at SARS-CoV-2 diagnosis and outcomes were registered.

Results: Two hundred fifty patients from 38 centres were included, 218 with hepa-
tocellular carcinoma (HCC) and 32 with intrahepatic cholangiocarcinoma (iCCA).
The median age was 66.5 and 64.5years, and 84.9% and 21.9% had cirrhosis in
the HCC and iCCA cohorts respectively. Patients had advanced cancer stage at
SARS-CoV-2 diagnosis in 39.0% of the HCC and 71.9% of the iCCA patients. After a
median follow-up of 7.20 (IQR: 1.84-11.24) months, 100 (40%) patients have died,
48% of the deaths were SARS-CoV-2-related. Forty (18.4%) HCC patients died
within 30-days. The death rate increase was significantly different according to
the BCLC stage (6.10% [95% Cl 2.24-12.74], 11.76% [95% Cl 4.73-22.30], 20.69%
[95% Cl 11.35-31.96] and 34.52% [95% CI 17.03-52.78] for BCLC O/A, B, C and D,
respectively; p = .0017). The hazard ratio was 1.45 (95% Cl 0.49-4.31; p = .5032)
in BCLC-B versus 0/A, and 3.13 (95% Cl 1.29-7.62; p = .0118) in BCLC-C versus 0/A
in the competing risk Cox regression model. Nineteen out of 32 iCCA (59.4%) died,
and 12 deaths were related to SARS-CoV-2 infection.

Conclusions: This is the largest cohort of liver cancer patients infected with SARS-
CoV-2. It characterizes the 30-day mortality risk of SARS-CoV-2 infected patients
with HCC during this period.

KEYWORDS
COVID-19, hepatocellular carcinoma, liver cancer, mortality

result of the assessments done because of COVID-19 infection diagno-

sis and those who had a history of liver cancer.
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After the start of the Coronavirus Disease 2019 (COVID-19) in 2019, all
countries worldwide made a huge effort to face up to the health issues
derived from the pandemic. In December 2020 the first SARS-CoV-2
vaccine was authorized by the U.S. Food and Drug Administration,
while it was granted a conditional marketing authorization by the
European Medicines Agency.1 Nevertheless, just after the first wave,
further waves emerged and the sequelae of the pandemic will prob-
ably continue for years. Our previous study? showed that all treat-
ments, except systemic therapy, had relevant interruptions during the
first wave around the World. Indeed, 48% of the centres decreased the
number of physicians devoted to managing liver cancer. Gandhi et al®
also assessed the impact on COVID-19 in 14 Asia-Pacific countries and
observed similar results. One of the main harms of the pandemic ac-
cording to Mufioz et al.? was the delay in liver cancer diagnosis because
of the modification of screening, reported in 80.9% of the participat-
ing centres. A similar impact of COVID-19 was also reported for other
cancers*” and in the current study, here we characterize the profile and
evolution of those patients incidentally diagnosed with liver cancer as a

A microsimulation model on five cancers (breast, cervix, colorec-
tal, prostate and stomach) found that delays in diagnosis will result in a
worse cancer stage at presentation, leading to worse survival outcomes.®
Liver cancer was not represented in that model and such data should
be confirmed in the liver cancer realm. A second harm of the pandemic
is the COVID-19-related and non-COVID-19-related mortality.” In the
liver cancer setting, the mortality analysis is complex because almost all
hepatocellular carcinoma (HCC) patients and some of the intrahepatic
cholangiocarcinoma (iCCA) patients present underlying cirrhosis.

lavarone et al.®

evaluated the 30-day mortality rate in cirrhotic pa-
tients but only 22% of them had active or history of liver cancer. Thus,
there is neither mortality data nor information about the impact of the
liver cancer stage in the outcome of patients diagnosed as a result of
SARS-CoV-2 diagnosis. Lai et al.!* analysed the indirect excess deaths (be-
cause of pandemic-induced healthcare service reconfiguration) on cancer
patients from the United Kingdom. They concluded that cancer services
had only partially recovered with the lockdown easing. They also sug-

gested that this situation may contribute to substantial excess mortality
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and multimorbidity among cancer patients. According to their analysis,
the 1-year liver cancer mortality in patients without comorbidities or with
one or two comorbidities are 50.2%, 50.3% and 49.5% respectively. Here,
again there is neither information about the liver cancer stage nor the
impact of the 30-day mortality rate. They pointed out the urgent need to
better understand and mitigate these excess mortality risks. The present
analysis is the second part of the Liver cancer outcome in the COVID-19-
pandemic (CERO-19) which aims to address the outcome of SARS-CoV-2
on liver cancer patients and to understand the confounding factors at the
time of analysing their mortality.

The specific aims of the present analysis were (1) to describe
the profile of patients with liver cancer as a result of the tests
performed because of SARS-CoV-2 infection as well as their
outcome; (2) to analyse the 30-day mortality rate of liver cancer
patients with SARS-CoV-2 infection. This information will be key
to understand the outcome of liver cancer patients who started
oncologic treatments before or during the pandemic as well as
the evolution of new liver cancer diagnosed during SARS-CoV-2
infection.

2 | PATIENTS AND METHODS
2.1 | Patients

This is a multicentre, retrospective, cross-sectional and international
study that evaluated the clinical outcomes of liver cancer patients
diagnosed with SARS-CoV-2. Centres around the world were invited
to participate as described in CERO-19 project.2

The inclusion criteria were (1) patients older than 18 years old; (2)
with de novo or history of HCC or iCCA and (3) who were infected
with SARS-CoV-2 between February and December 2020.

SARS-CoV-2 diagnosis was defined according to each centre local
policy: Positive result on a reverse-transcription PCR (RT-PCR) assay
of a specimen collected on a nasopharyngeal swab, positive antigen
test and/or radiological changes compatible with SARS-CoV-2 diag-

nosis in a patient with clinical signs of SARS-CoV-2 infection.

2.2 | Data collection

The study was approved by the institutional review board
(HCB/2020/0454). Each centre was responsible to obtain the local ap-
proval for the project in their centre. The study complied with the provision
of the Good Clinical Practice guidelines and the Declaration of Helsinki.

The data registry started from the date of the first SARS-CoV-2
infection described in each country, allowing patient's inclusion from
February 2020 until December 2020.

2.3 | Variables

The study used REDCap® for data collection. Included patients were de-
identified and assigned to an individual-anonymized alphanumeric code.

Keypoints

Data regarding clinical profile and outcomes of liver can-
cer patients with SARS-CoV-2 infection were lacking. This
international project aims to characterize these patients”
outcomes and generate clinical data useful for informed

prognosis prediction in this population.

The clinical variables registered were the presence of cirrhosis (yes/
no), Child-Pugh status previous to and at SARS-CoV-2 infection, liver
disease aetiology, date of SARS-CoV-2 diagnosis, liver cancer stage at
the moment of SARS-CoV-2 diagnosis by BCLC staging*?*® system for
HCC patients and TNM-8th edition staging system14 foriCCA, the last
liver cancer treatment (if any) received before SARS-CoV-2 infection
diagnosis, patient's liver cancer treatment after the resolution of the
SARS-CoV-2 infection, if there was need to stop or delay the liver can-
cer treatment because of SARS-CoV-2 infection, and if there was liver
cancer progression, specifying the date and pattern of the progression.

The centres specified for each patient if hospitalization because
of SARS-CoV-2 diagnosis was needed, SARS-CoV-2 infection treat-
ment (including use of antibiotics, anti-thrombotic prophylaxis and
corticosteroids), dates of start and end of the treatment and their
outcome. The last follow-up date until 30th June 2021 or death
date were registered, specifying if death was SARS-CoV-2 infection-

related or not related, claryfing the cause in the latter.

2.4 | Statistical analysis

Continuous or ordinal variables were expressed as median and inter-
quartile range [IQR: 25th-75th percentiles]. Categorical data were
expressed as absolute frequency and percentages (%).

The 30-day mortality rate and their 95% confidence intervals
(95% CI) were calculated using Kaplan-Meier method. The 30-day
SARS-CoV-2-related death rate (or non-SARS-CoV-2-related death)
was calculated with Kaplan-Meier method using the non-SARS-
CoV-2-related death (or SARS-CoV-2-related death) as competing
risk. Cox regression models with non-SARS-CoV-2-related death
as competing risks were used to estimate sub-distribution Hazard
Ratios (HR) and their 95% CI.

The level of significance was set at 5% (two-sided). All statistical

analyses were performed using SAS 9.4 software (SAS Institute).

3 | RESULTS
3.1 | Baseline characteristics

A total of 252 patients were registered. Two patients were excluded
(one had a focal nodular hyperplasia and the second a non-specified
liver cancer different to HCC or iCCA). Therefore, 250 patients from
38 centres were included between February 1st, and December
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31st, 2020. Table S1 describes the centres included in Europe,
America, Asia and Africa.

Figure 1 describes the flow chart of the study. Sixty-one (24.4%)
patients had de-novo liver cancer diagnosis (54 [90.2%] HCC and 6
[9.8%] iICCA), 163 (65.2%) had a history of HCC, and 26 (10.4%) had
a history of iCCA. Only one patient was diagnosed with hepato-
cholangiocarcinoma (HCC-iCCA).

The demographic and clinical characteristics of the patients are
reported in Table 1. The median age was 66.5 [IQR 60-73] and 64.5
[IQR 57-74] years, 156 (71.6%) and 18 (56.3%) patients were male,
185 (84.9%) and 7 (21.9%) patients had cirrhosis in the HCC and
iCCA cohorts respectively. The main aetiology was HCV (37.6%) in
HCC patients and 62.5% of the iCCA patients had no liver disease
history. One hundred and thirty-nine (55.6%) patients were hospital-
ized because of SARS-CoV-2 and 108 (77.7%) of them received spe-
cific SARS-CoV-2 treatment according to the local medical practice.

One hundred (40%) patients died after a median follow-up of
7.20 (IQR: 1.84-11.24) months, 48 (48%) were SARS-CoV-2-related
and 34 (70.1%) of them had cirrhosis. The other 52 (52%) patients
died because of non-SARS-CoV-2-related causes and 86.5% of them
were cirrhotic. One hundred and eight patients received treatment
because of SARS-CoV-2 treatment, the most frequent were azithro-
mycin (49.1%) and corticosteroids (42.6%), rest of the reported treat-
ments are available in Table S2.

Fifty-two patients (20.8%) died within the first 30days of SARS-
CoV-2 infection, and 43 (82.7%) of the deaths were SARS-CoV-2-
related. The 30-day mortality rate in the whole cohort was 20.87%
(95% ClI: 15.8-25.9).

3.2 | HCC patients

3.2.1 | HCC diagnosis coinciding with SARS-CoV-2
infection (de novo)

Fifty-five patients had their first HCC diagnosis coincidentally with
SARS-CoV-2 infection (54 HCC and one HCC-iCC), 44 patients

FIGURE 1 Flowchart of the study.
During the inclusion period, 252 patients
were registered; two patients were
excluded and 250 were included in the
study analysis. HCC, hepatocellular
carcinoma; iCCA, intrahepatic
cholangiocarcinoma.

de novo Liver cancer

History of Liver cancer
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(80%) were cirrhotic. Their BCLC stage at SARS-CoV-2 infection was
BCLC-0in 1 (1.8%), A in 22 (40.0%), B in 8 (14.5%), C in 14 (25.5%)
and D in 10 (18.2%). In the BCLC-A stage, there were 19 (86.4%)
patients with a single nodule and 3 (13.6%) patients with up to 3
nodules and up to 3 cm each.

3.3 | HCC diagnosis prior to SARS-CoV-2 infection

One hundred and sixty-three (74.8%) patients had HCC history prior
to SARS-CoV-2 infection. Their BCLC stage at SARS-CoV-2 infec-
tion was BCLC-0 in 11 (6.8%), A in 48 (29.5%), B in 43 (26.4%), C in
44 (27.0%) and D in 17 (10.4%). In the BCLC-A stage, there were 32
(66.7%) patients with a single nodule and 16 (33.3%) patients with
up to 3 nodules and up to 3 cm each. Twenty (12.3%) patients had
been treated with resection, 77 (47.2%) with loco-regional treat-
ments, 44 (27%) with systemic treatments, 17 (10.4%) were on Best
Supportive Care (BSC) and 1 (0.6%) patient was being evaluated for
liver transplantation.

Sixty-nine (42.3%) of the 163 patients with prior HCC diagnosis
and with established cancer treatment plan had to stop treatment or
had it delayed because of SARS-CoV-2 infection. Forty-four (63.8%)
of these patients, restarted treatment after the resolution of the
infection.

From the diagnosis of SARS-CoV-2 infection, the median fol-
low-up was 7.20 [2.20-10.79] months, 53 (33.7%) patients with a
history of HCC developed HCC progression: new intra-hepatic le-
sionin 21 (39.6%), growth of intra-hepatic lesions in 16 (30.2%), new
extra-hepatic lesions in 12 (22.6%), and growth of extra-hepatic le-
sions in 4 (7.6%) patients.

3.4 | 30-day mortality rate in HCC patients

Forty (18.4%) patients died within the 30-days of SARS-CoV-2 infec-
tion. Table 2 shows the 30-day mortality rate according to the history
of HCC, Child-Pugh class and cause of death. The 30-day mortality rate

n =252
From 38 centers

2 patients excluded:
« 1 focal nodular hyperplasia.
< 1 liver cancer different to HCC or iCCA.

y
n =250
Liver cancer patients

! ! l

HCC iCCA HCC-iCCA
n=217 n=232 n=1
(86.8%) (12.8%) (0.4%)

54 (25.2%) 6 (18.8%) 1(100%)

163 (74.8%) 26 (81.2%)
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TABLE 1 Baseline characteristics by liver cancer and outcome

iCCA
Patient profile HCC (n = 218)? (n=32)
Age (years), median [IQR] 66.5[60-73] 64.5 [57-74]
Gender (Males), n (%) 156 (71.6) 18 (56.3)
Cirrhosis (Yes), n (%) 185 (84.9) 7(21.9)
Child-Pugh classification at SARS-CoV-2 diagnosis, n (%)
A 104 (56.2) 3(42.8)
B 63 (34.1) 2(28.6)
C 17 (9.2) 2(28.6)
Not available 1(0.5) -
Non-cirrhotic 33(15.1) 25(78.1)
Aetiology, n (%)
HCV 82 (37.6) 4(12.5)
Alcohol 44(20.2) 3(9.4)
NAFLD 38(17.4) 3(9.4)
HBV 19 (8.7) -
Alcohol and HCV 9(4.1) -
Alcohol and NAFLD 7(3.2) -
Combination of previous® 5(2.3) -
Other 6(2.8)° 2(6.2)
Non-liver disease 6(2.8) 20(62.5)
Co-infection HCV+HBV 2(0.9) -
Liver cancer stage, n (%) BCLC stage TNME®
0:12(5.5) IA: 5 (15.6)
A:70(32.1) IB: 2 (6.3)
B: 51 (23.4) I1: 2 (6.3)
C: 58 (26.6) IA: 1(3.1)
D: 27 (12.4) I11B: 8 (25)
IV: 14 (43.7)
Liver cancer treatment 163 (74.8) 26 (81.3)
received before SARS-
CoV-2 diagnosis (liver
cancer history patients),
n (%)
Locoregional 77 (47.2) -
History of systemic 44 (27) 19 (73.1)
treatment
Resection 20(12.3) 3(11.5)
Liver transplant 4(2.5) -
BSC 17 (10.4) 2(7.7)
None 1(0.6) 1(3.8)
Not specified - 1(3.8)
Enrolled in a clinical trial (Yes), 8(16.3) -
n (%)f
Hospitalization due SARS- 123 (56.4) 16 (50)
CoV-2 infection (Yes), n (%)
Received SARS-CoV-2 101 (46.3) 7(21.9)
treatment (Yes), n (%)
Follow-up time (days), median 224 [70-352] 103
[IQR] [12-266]

TABLE 1 (Continued)

iCCA
Patient profile HCC (n = 218)? (n=32)
Deaths, n (%) 81(37.2) 19 (59.4)
SARS-CoV-2 related deaths, 36 (44.4) 12 (63.2)
n (%)
30-day posterior to SARS- 40 (18.4) 12 (37.5)

CoV-2 infection deaths,
n (%)

Abbreviations: BCLC, Barcelona clinic liver cancer; HBV, hepatitis B
virus; HCC, hepatocellular carcinoma; HCV, hepatitis C virus; iCCA,
intrahepatic cholangiocarcinoma; IQR, interquartile range; NAFLD,
non-alcoholic fatty liver disease; SARS-CoV-2, severe acute respiratory
syndrome coronavirus 2.

20ne patient with HCC-iCCA.

bCombination: NAFLD and HCV (1); NAFLD and HBV (1); Alcohol and
HCV-HBV co-infection (1); HCV, NAFLD and autoimmune hepatitis (1);
Graft-versus-host disease and Non-alcoholic steatohepatitis (1).

“Hemochromatosis (2), autoimmune hepatitis (2), biliary cholangitis (1),
schistosomiasis (1).

INAFLD and biliary cirrhosis (1), Primary sclerosing cholangitis (1).
€TNM 8th edition staging system of iCCA.

fPercentage calculated from 49 patients that received systemic
treatment.

was 12.96% (95% Cl 4.00-21.92) in de-novo HCC patients and 20.25%
(95% Cl 14.08-26.41) in those with HCC history. It was 14.42 (95%
Cl 7.67-21.18), 16.11% (95% Cl 6.96-25.25) and 52.94% (95% Cl
29.21-76.67), in Child-Pugh A, B and C patients respectively. Table S3
shows the 30-day mortality rate according to the presence of cirrhosis.

The 30-day mortality was 14.74% (95% Cl 10.39-19.8) in the
SARS-CoV-2-related deaths using non-SARS-CoV-2-related deaths
as competing risks, and 3.69% (95% Cl 1.73-6.83) in the non-SARS-
CoV-2-related deaths, using SARS-CoV-2-related deaths as compet-
ing risks (Table 2).

The 30-day mortality rate, considering non-SARS-CoV-2-related
deaths as competing risks, increased along with the BCLC stage: 0/A
6.10% (95% Cl1 2.24-12.74), B 11.76% (95% Cl 4.73-22.30), C 20.69%
(95% Cl1 11.35-31.96) and D 34.52% (95% CI 17.03-52.78); p = .0017.
The same effect persisted even after excluding the BCLC-D patients
(p = .0313). Table 3 shows the results of the competing risk Cox re-
gression models that expose a sub-distribution of the Hazard Ratio
(HR) of 1.45 (95% Cl 0.49-4.31; p = .5032) in BCLC-B versus 0/A,
and of HR = 3.13 (95% CI 1.29-7.62; p = .0118) in BCLC-C versus
O/A.

Eight patients had non-SARS-CoV-2-related deaths during the
first 30-day period. Table 4 describes the main causes of death. Six
out of nine (75%) were BCLC-D when infected and all but 1 died be-
cause of acute on chronic liver failure or HCC progression.

3.5 | iCCA patients

Twenty-six patients had prior diagnosis of iCCA and 6 were diag-
nosed coincidentally with SARS-CoV-2 infection.
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TABLE 2 30-day mortality rate in HCC patients
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Events Patients at risk Mortality rate (95% Cl) p-value
According to history of HCC
de novo HTC 7 55 12.96 (4.00-21.92) 0.2237
History of HCC 33 163 20.25 (14.08-26.41)
According to Child-Pugh score®?
A 15 104 14.42 (7.67-21.18) 0.0005
B 10 63 16.11 (6.96-25.25)
C 9 17 52.94 (29.21-76.67)
Events Competing risks Patients at risk® Rate (95% Cl)
According to cause of death®
SARS-CoV-2 related 32 8 218 14.74 (10.39-19.8)
Non-SARS-CoV-2 related 8 32 218 3.69 (1.73-6.83)

Abbreviations: 95% Cl, 95% confidence interval; HCC, hepatocellular carcinoma; iCCA, intrahepatic cholangiocarcinoma; SARS-CoV-2, severe acute

respiratory syndrome coronavirus 2.

2Six non-cirrhotic patients not included.

bIncludes de novo HCC and history of HCC patients.
“One patient with HCC-iCCA.

TABLE 3 30-day SARS-CoV-2-related death mortality rate according to BCLC stage

p-value
BCLC Competing Patients at 30-day mortality rate, BCLC-D
stage® Events® events© risk® %(95% Cl) p¢ excluded¢ HR (95% Cl) p
OorA 5 1 82 6.10 (2.24-12.74) .0017 0.0313 Ref.
B 6 1 51 11.76 (4.73-22.30) 1.45(0.49-4.31) .5032
C 12 0 58 20.69 (11.35-31.96) 3.13(1.29-7.62) .0118
D 9 6 27 34.52 (17.03-52.78) -
Total 32 8 218

Abbreviations: 95% Cl: 95% confidence interval; BCLC: Barcelona Clinic Liver Cancer; HR: hazard ratio; SARS-CoV-2: severe acute respiratory

syndrome coronavirus 2.

2At SARS-CoV-2 diagnosis.

b30-day SARS-CoV-2-related deaths.
€30-day non-SARS-CoV-2-related deaths.
dGrey's test.

€One patient HCC-iCCA.

TABLE 4 30-day non-SARS-CoV-2-related causes of death in
HCC patients

Cause of death n (%) BCLC stage (n)®

HCC progression 2 (25) B (1), D (1)

Decompensated cirrhosis with HCC 2 (25) D (2)
progression

Decompensated cirrhosis without HCC  1(12.5) D (1)
progression

Acute-on-Chronic liver failure 2 (25) A(1),D(1)
Other® 1(12.5) D(1)
TOTAL 8 (100)

Abbreviations: BCLC, Barcelona clinic liver cancer; HCC: hepatocellular
carcinoma.

2At the time of SARS-CoV-2 diagnosis.
POther: 1 patient died because of liver transplant rejection (BCLC-D).

The cancer stage according to the TNM 8th edition at the time of
SARS-CoV-2 infection of patients with coincidentally iCCA diagnosis
was IAin 1(16.7%), llIBin 1 (16.7%) and IV in 4 (66.6%) patients. On
the other hand, cancer stage in patients with iCCA history was IA in
4(15.4%),1Bin 2 (7.7%), 11in 2 (7.7%), 1A in 1 (3.8%), llIB in 7 (26.9%)
and IV in 10 (38.5%) patients.

Of the 32 patients with iCCA diagnosis, 19 (59.4%) died; 12
(63.2%) were SARS-CoV-2-related deaths and 7 (36.8%) were
non-SARS-CoV-2-related.

3.6 | iCCA diagnosis prior to SARS -CoV-2 infection

Ten (38.5%) of the 26 patients with prior iCCA diagnosis and with an
established cancer treatment plan had to stop or delayed it because
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of SARS-CoV-2 infection. Only 2 (20%) of these patients, restarted
iCCA treatment after the resolution of the infection.

Table 1 describes the profile of these 26 patients.

During a median of 2.43 (0.33-8.78) months of follow-up from
the diagnosis of SARS-CoV-2 infection, 10 (38.5%) patients with a
history of iCCA developed tumour progression.

4 | DISCUSSION

To the best of our knowledge, this is the largest cohort of liver cancer
patients infected with SARS-CoV-2 around the world. Our data are

1.1% and Kim et al. publications.'® Both

complementary to lavarone et a
cohorts were focused on patients with liver disease history but only
11 and 19 HCC patients were included respectively. In addition, the
present cohort is the first that describes the outcome of de-novo liver
cancer patients in whom the diagnosis was done during the SARS-
CoV-2 infection. Lastly, despite there are no information in the litera-
ture about SARS-CoV-2 and cholangiocarcinoma and we are reporting
the largest cohort of infected iCCA patients, the results should be
considered only as descriptive because of the low number of patients
included (n = 32). This could see as a limitation of the study but we
would like to highlight the lack of data of iCCA in the literature and
mention that is the largest cohort in this field.

Our study showed the 30-day mortality rate of HCC patients who
were under different cancer treatments during the first wave of the
SARS-CoV-2. Nevertheless, as the SARS-CoV-2 infection could be ac-

d,67*8 these results could be used

quired after being fully vaccinate
as reference for the evolution of HCC patients who are infected by
SARS-CoV-2 because of non-vaccination or waning immune defence.

As shown, the 30-day mortality rate was increased along the BCLC
stage (p = .0017) and that increment was maintained even when the
BCLC-D patients, who have a median survival lower than 3 months, were
excluded (p = .0313). HCC progression or liver-related deaths were the
causes of non-SARS-CoV-2-related deaths in all of the 8 patients who died
within the first month. Based on this information, it can be suggested that
the non-SARS-CoV-2-related deaths were associated with the impact of
the SARS-CoV-2 infection in the liver function or because of the result of
stopping/delaying HCC treatment. It is already known that infections are
events related to death in cirrhotic patients because of acute-on-chronic
liver failure. However, lavarone et al. reported that the 30-day mortality
rates were higher in patients with cirrhosis and COVID-19 than in those
with bacterial infections.'® Our results on the rate of 30day-mortality rate
death according to the BCLC stage as well as the causes of non-SARS-
CoV-2-related deaths reinforce the importance of characterising the ef-
fect of this new infection on the HCC patient's outcome.

For this reason, this study adds valuable information for physi-
cians at clinical practice and for clinical researchers at the clinical
trial level. The 30-day mortality rate was 12.96% (95% Cl 4.00-
21.92) in de novo HCC patients and 20.25% (95% Cl 14.08-26.41)
in those with HCC history, but because of the small sample size and
because of the confounder introduced by the HCC stage at the time
of infection these results should be considered only as descriptive.

Our results could be useful for clinicians to inform patients and
families about HCC prognosis in the context of the SARS-CoV-2
infection. In accordance with our results, 33.7% of patients with a
history of HCC developed HCC progression during the follow-up,
while 40 (18.4%) patients with HCC (de novo or history) died within
the first 30days. However, only four deaths were for HCC progres-
sion, three were BCLC-D when infected and only one death was
because of HCC progression when patients at end-stage (BCLC-D)
were excluded. Additionally, the risk of 30-day SARS-CoV-2-related
death was similar between BCLC-0/A and B stage [HR = 1.45 (95%
Cl 0.49-4.31; p = .5032)] but was significantly different between
BCLC-C versus 0/A stage (HR = 3.13 [95% Cl 1.29-7.62; p = .0118]).
These results could be explained by the higher rate of liver dysfunc-
tion in the BCLC-C stage and by the treatment received at that stage.

The results of this project may help the researchers at the time of
analysing the results of the ongoing Clinical Trials where the included
patients may have been infected with SARS-CoV-2. Indeed, this data
can be used as a reference for designing Clinical Trials. Nowadays, the
SARS-CoV-2-related-cirrhosis complication and/or HCC progression-
related death in the context of SARS-CoV-2 infection will have to
be considered as new causes of early treatment discontinuation.
Accordingly, the expected number of patients who will stop or delay
oncologic treatments for the reasons mentioned above as well as the
number of patients who will die because of SARS-CoV-2 or cirrhosis
complication/HCC progression in the context of SARS-CoV-2 infec-
tion should be taken into account when the sample size is calculated
in future research projects. Indeed, underestimating these new factors
may negatively impact the accuracy of clinical trial assumption about
expected events and needed sample size.

As the SARS-CoV-2 infection is slowly weaning at different rates
around the world, the results that we present will be of historical im-
portance. It is important to register the impact of worldwide events,
as we did for liver cancer. A noteworthy result is that 24.4% of the
patients had a coincidental and incidental liver cancer diagnosis orig-
inated from tests for SARS-CoV-2 infection, which is a reminder of
the importance of screening programmes. Finally, our data might
help further studies to describe the impact of SARS-CoV-2 vaccina-
tion and the change in mortality associated with the new strains on
liver cancer patients with SARS-CoV-2 infection.

The retrospective nature of the study is associated with variability in
the local policy for hospitalization and management of the SARS-CoV-2
infection. In addition, despite of the fact all patients with de novo liver
cancer had viable tumour, the study did not have central revision of the
image's technique to confirm the viability of the cancer in the cohort
of patients with a history of liver cancer at the time of infecting with
SARS-CoV-2. However, we registered BCLC stage at the time of the
SARS-CoV-2 diagnosis independently of the previous HCC treatment.

5 | CONCLUSIONS

This is the largest cohort of liver cancer patients infected with SARS-
CoV-2. It characterizes the risk of 30-day SARS-CoV-2 death. The
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results can be used as reference for informing about HCC prognosis
in the context of the SARS-CoV-2 infection.
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