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Abstract

BACKGROUND
Chronic liver disease (CLD) was associated with adverse clinical outcomes among people with severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2) infection.

AIM
To determine the effects of SARS-CoV-2 infection on the incidence and treatment strategy of hepatocellular
carcinoma (HCC) among patients with CLD.

METHODS

A retrospective, territory-wide cohort of CLD patients was identified from an electronic health database in Hong
Kong. Patients with confirmed SARS-CoV-2 infection [coronavirus disease 2019 (COVID-19)+CLD] between
January 1, 2020 and October 25, 2022 were identified and matched 1:1 by propensity-score with those without
(COVID-19-CLD). Each patient was followed up until death, outcome event, or November 15, 2022. Primary
outcome was incidence of HCC. Secondary outcomes included all-cause mortality, adverse hepatic outcomes, and
different treatment strategies to HCC (curative, non-curative treatment, and palliative care). Analyses were further
stratified by acute (within 20 d) and post-acute (21 d or beyond) phases of SARS-CoV-2 infection. Incidence rate
ratios (IRRs) were estimated by Poisson regression models.

RESULTS

Of 193589 CLD patients (> 95% non-cirrhotic) in the cohort, 55163 patients with COVID-19+CLD and 55163
patients with COVID-19-CLD were included after 1:1 propensity-score matching. Upon 249-d median follow-up,
COVID-19+CLD was not associated with increased risk of incident HCC (IRR: 1.19, 95%CI: 0.99-1.42, P = 0.06), but
higher risks of receiving palliative care for HCC (IRR: 1.60, 95%CI: 1.46-1.75, P < 0.001), compared to COVID-19-
CLD. In both acute and post-acute phases of infection, COVID-19+CLD were associated with increased risks of all-
cause mortality (acute: IRR: 7.06, 95%Cl: 5.78-8.63, P < 0.001; post-acute: IRR: 1.24, 95%CI: 1.14-1.36, P < 0.001) and
adverse hepatic outcomes (acute: IRR: 1.98, 95%Cl: 1.79-2.18, P < 0.001; post-acute: IRR: 1.24, 95%CI: 1.13-1.35, P <
0.001), compared to COVID-19-CLD.

CONCLUSION

Although CLD patients with SARS-CoV-2 infection were not associated with increased risk of HCC, they were
more likely to receive palliative treatment than those without. The detrimental effects of SARS-CoV-2 infection
persisted in post-acute phase.

Key Words: SARS-CoV-2 infection; Chronic liver disease; Long COVID; Post-COVID-19 syndrome; Cirrhosis; Hepatocellular
carcinoma

©The Author(s) 2024. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection in patients with chronic liver disease
(CLD) leads to worse adverse clinical outcomes. In our study, we found that although CLD patients with SARS-CoV-2
infection did not have higher risk of developing liver cancer, they are more likely to receive palliative treatment for hepato-
cellular carcinoma, compared to CLD patients who did not have SARS-CoV-2 infection. Coronavirus disease 2019 also led
to increased risks of all-cause mortality and adverse hepatic outcomes. These detrimental effects of SARS-CoV-2 infection
were observed in both acute and post-acute phases among CLD patients.
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INTRODUCTION

In the year 2020, severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) infection led to coronavirus disease 2019
(COVID-19) pandemic across the globe. The disruption to the routines due to social distancing measures has affected all
sectors of the society. Healthcare systems were particularly stretched by the enormous influx of SARS-CoV-2 infected
patients, inevitably leading to change in clinical practice such as adoption of virtual consultations, suspension of
healthcare services including cancellation of planned investigations, procedures and treatments. Colorectal cancer and
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lung cancer are examples of chronic conditions that were negatively influenced by the pandemic, with significant delays
in screening, diagnosis and workup. In subjects with chronic liver disease (CLD), SARS-CoV-2 infection has been
associated with an increased risk of short-term mortality, predominantly caused by respiratory failure and observed in
cirrhotic patients[1-4]. In comparison, it remains controversial whether SARS-CoV-2 infection increases the risk of non-
respiratory causes of death among non-cirrhotic CLD, a condition that affects 1.5 billion persons globally[5,6]. There is no
data regarding how COVID-19 interplay with the risk of hepatocellular carcinoma (HCC) and subsequent treatment
strategy, which not only depends on the general performance status of the subject, the liver reserve, and the tumor status
[7], but also the relative resource allocation within the health care system in the event of the pandemic.

Much is unknown regarding precisely how COVID-19 affects prognosis and liver outcomes in CLD. In particular, the
detrimental effects of SARS-CoV-2 infection seem to linger beyond the acute phase of infection and are associated with a
number of conditions, collectively termed “post-acute sequelae of SARS-CoV-2 infection” (PASC), also known as ‘long
COVID’ or ‘post-COVID-19 syndrome’[8,9]. Among the numerous conditions associated with PASC (e.g., pulmonary,
neuropsychiatric, gastrointestinal, endocrine, renal, etc.), hepatic effects of recent SARS-CoV-2 infection have not been
well-characterized[10]. In addition, it was hypothesized that SARS-CoV-2 infection will lead to long-lasting impacts on
the quality of cirrhosis care, resulting from the initial intense period of prioritization of healthcare services with delays in
routine care, and subsequent return of backlog presentations of illness and protracted period of suboptimal outcomes
[11]. Therefore, it is important to understand the immediate and long-term consequences of SARS-CoV-2 infection in
patients with CLD, and how they affect the incidence and oncological treatment for HCC.

In this study, we determined the risk of incident HCC, all-cause mortality, adverse hepatic outcomes, and the impact
on treatment strategies for patients with liver cancer in a large cohort of patients with CLD and laboratory proven SARS-
CoV-2 infection, in comparison to a contemporaneous cohort of patients with CLD who did not have SARS-CoV-2
infection in Hong Kong,.

MATERIALS AND METHODS

Data source and study population

Our data were extracted from territory-wide cohort of patients with anonymized electronic health records provided by
the Hong Kong Hospital Authority (HA), and COVID-19 vaccination records were available from the Department of
Health (DH), The Government of Hong Kong Special Administrative Region. Electronic medical records of patients with
COVID-19 were retrieved from the HA, and included demographics, disease diagnoses, drug prescriptions, laboratory
tests, hospital admissions, emergency departments, and inpatient procedures. The HA data were linked to the COVID-19
vaccination records provided by the DH using the unique identification numbers. This linked database has been used
extensively for studies on COVID-19 vaccine safety[12-14] and PASCJ[15].

This study included patients with CLD between January 1, 2020 and November 15, 2022. CLD was defined as patients
having any of the following diagnoses: (1) Viral hepatitis B (HBV) infection; (2) viral hepatitis C; (3) chronic hepatitis; (4)
fatty liver disease; (5) alcoholic liver disease (ALD); (6) alcoholic hepatitis; (7) Wilson’s disease, (8) autoimmune hepatitis;
and (9) primary biliary cholangitis and primary sclerosing cholangitis. Each of the above diseases was identified by
International Classification of Disease, 9th Revision, Clinical Modification (ICD-9-CM) diagnosis code, prescription of
hepatitis antivirals, or positive hepatitis B surface antigen test (Supplementary Table 1). Patients who were identified by a
positive result on the SARS-CoV-2 reverse transcription polymerase chain reaction test or rapid antigen test during the
observational period were classified into the COVID-19+CLD group. The index date was set at the first date of SARS-
CoV-2 infection for patients in the COVID-19 group (i.e. only the first infection was eligible for analysis). Patients who did
not have confirmed SARS-CoV-2 infection during the observational period were classified into the control group, i.e.
COVID-19-CLD. The pseudo-index date of COVID-19-CLD patients was set at the first date of the respective year (i.e.,
January 1, 2020, January 1, 2021, or January 1, 2022) to maintain a similar follow-up period between the COVID-19+CLD
and COVID-19-CLD groups. Patients in the COVID-19-CLD group were matched 1:1 by propensity-score with patients in
the COVID-19+CLD group of each index year sequentially starting from 2020 until 2022, and without replacement.
Unmatched control patients were eligible for matching with COVID-19+CLD patients in the subsequent index year, with
the baseline characteristics of COVID-19-CLD groups updated using the new pseudo-index date (i.e. January 1 of the
following year). Each patient was observed from the index or pseudo-index date to the occurrence of outcomes, death, or
the end of observational period (i.e., November 15, 2022), whichever occurred earlier.

Patients who died on or before the index date, or had less than 21 d of follow-up (i.e., patients with COVID-19
diagnosed on or after October 26, 2022) were further excluded[16].

Outcomes definition
The primary study outcome was HCC incidence. The secondary outcomes included: (1) All-cause mortality; (2) adverse
hepatic outcomes cirrhosis, HCC, liver decompensation (composite outcome including hepatorenal syndrome, liver
failure, hepatic coma/encephalopathy, ascites, and variceal bleeding); (3) curative treatment to HCC (hepatic resection,
liver transplantation, radiofrequency ablation of liver); (4) non-curative treatment to HCC (transarterial chemoembol-
ization, radiotherapy to liver, systemic chemotherapy or immunotherapy); and (5) palliative care.

Each of the above outcomes was identified by ICD-9-CM diagnosis and procedure code, prescription of antivirals for
hepatitis, and fibrosis-4 index (FIB-4)[17] (Supplementary Table 1).

Bienideng>  VVIH | https://www.wjgnet.com 213 February 27,2024 | Volume16 | Issue2 |


https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf

Mak LY et al. Long COVID-19 in CLD and HCC

Acute and post-acute phases of SARS-CoV-2 infection

The risks of study outcomes during the acute and post-acute phase of SARS-CoV-2 infection were further stratified and
analyzed among those with index date at 2022 amid the Omicron predominance period. The acute phase of infection was
defined as the first 20 d after the index date[18] and the post-acute phase of infection was defined from 21 d of the index
date onwards. For the analysis of the post-acute phase of infection when the index date was set to 21 d after COVID-19
diagnosis, patients who died within 20 d of the index date, or had less than 21 d of follow-up were excluded.

Definition of covariates

Baseline characteristics were captured based on ICD-9-CM diagnosis, procedure codes, and treatment records as follows:
age, sex, pre-existing comorbidities [Charlson Comorbidity Index (CCI), cirrhosis, HCC, liver decompensation],
oncological treatment received prior to the index date (curative treatment to HCC, non-curative treatment to HCC,
palliative care), and COVID-19 vaccination status (Supplementary Table 1). The FIB-4[17] was also used to enhance case
identification for cirrhosis. Fully vaccinated patients were defined as those with at least two doses of BNT162b2
(Comirnaty) or three doses of COVID-19 Vaccine (Vero Cell), Inactivated (CoronaVac)[19].

Statistical analysis

Descriptive statistics of baseline characteristics between the COVID-19 groups and matched control groups were
presented as mean and standard deviation, or median and interquartile range (IQR) for continuous variables, and count
and proportion for categorical variables.

We constructed propensity-score models conditional on age, sex, CCI, and COVID-19 vaccination status in a logistic
regression model. We performed 1:1 propensity-score matching using a caliper width of 0.05. Standardized mean
differences (SMDs) of each covariate between the groups after propensity-score matching were calculated, which was
interpreted as balanced when the SMD was below the threshold of 0.1[20]. The incidence rate ratio (IRR) and corres-
ponding 95% confidence intervals (Cls) were estimated using the Poisson regression model.

Subgroup analyses were performed on several patient groups, including age groups (< 50 vs > 50 years), causes of CLD
(HBV vs other causes), the presence of cirrhosis, the presence of multiorgan dysfunction, COVID-19 vaccination status
(fully vaccinated vs not fully vaccinated), respective years of COVID-19 diagnosis (year of 2020 vs 2021 vs 2022).
Multiorgan dysfunction was defined as patients having any 3 or more organ system malfunctions in the following
categories, including: (1) Neurological; (2) psychiatric; (3) respiratory; (4) cardiovascular; (5) hematologic; (6) endocrine;
(7) nephrological; (8) hepatic; (9) gastrointestinal; and (10) dermatologic disorder. Each subgroup analysis was re-
constructed with a new propensity-score model, and the pairs of patients with COVID-19 and their respective controls
were rematched. Furthermore, subgroup analyses among COVID-19+CLD patients were performed on two patient
groups, including hospitalization groups (hospitalized vs non-hospitalized) and receipt of antiviral medications for
COVID-19 infection. COVID-19+CLD patients were identified as antiviral users if they received any of the following
antiviral medications, including: (1) Molnupiravir; (2) nirmatrelvir/ritonavir; and (3) remdesivir. Each subgroup analysis
among COVID-19+CLD patients was also re-constructed with a new propensity-score model, and rematched between
hospitalized and non-hospitalized patients or antiviral users and non-users, respectively.

All statistical analyses were performed using Stata (version 17). The analyses were conducted by Chung MSH and
analyzed independently by Xi X and Au ICH for quality assurance. All significance tests were two-tailed, where P values
< 0.05 were considered statistically significant.

Role of the funding source

This work was supported by a research grant from Collaborative Research Fund, University Grants Committee, HKSAR
Government (principal investigator, Wong ICK; reference no. C7154-20GF). Lai FTT, Wong CKH, and Wong ICK are
partially supported by the Laboratory of Data Discovery for Health (D24H) funded by AIR@InnoHK administered by
Innovation and Technology Commission. The funders had no role in study design, data collection and analysis, decision
to publish, or preparation of the manuscript.

RESULTS

Baseline characteristics

A total of 193589 CLD patients of whom 57323 patients had confirmed SARS-CoV-2 infection between January 1, 2020
and November 15, 2022 in Hong Kong, and 136266 CLD patients without SARS-CoV-2 infection were identified
(Figure 1). After applying the exclusion criteria followed by 1:1 propensity-score matching, 55163 patients with COVID-19
and CLD (COVID-19+CLD) and 55163 matched controls (COVID-19-CLD) were included in the present study. The
baseline characteristics are presented in Table 1. Baseline age (58.8 vs 58.7), gender (male gender: 51.2% vs 51.6%), medical
comorbidities (CCI: 3.2 vs 3.1), and COVID-19 vaccination status (fully vaccinated: 50.1% vs 50.0%) were balanced
between the two groups. Additionally, underlying cirrhosis (3.4% vs 3.1%), decompensated liver disease (2.8% vs 2.6%),
HCC (2.2% vs 2.2%), and previous treatment for HCC (curative: 2.0% vs 1.9%; non-curative: 4.3% vs 3.9%; palliative care:
3.3% vs 3.0%) were matched between COVID-19 patients with CLD and controls with CLD (all SMD < 0.1). Of note, the
majority (95.0%) of included subjects came from year 2022 when the omicron strain of SARS-CoV-2 was ubiquitous.
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Table 1 Baseline characteristics of chronic liver disease patients with coronavirus disease 2019 and chronic liver disease patients without coronavirus disease 2019 (matched controls) after 1:1 propensity

score matching

After matching
Baselin 2020-2022 2020 2021 2022
e COVID-19 COVID-19 COVID-19
charact pati Control (n = : CovID-19 ) Control (n =
patients (n = 55163) SMD patients (n = Control (n=2397) SMD patients (n = 375) Control (n=375) SMD patients (n = 52391) SMD
eristics  55163) 2397) 52391)
n/Mean %/SD  n/Mean %/SD n/Mean %/SD  n/Mean %/SD niMean %/SD  n/Mean %/SD niMean %I/SD  n/Mean %ISD
Age,yrl 588 14.7 58.7 13.9 0.01 54.8 17.2 545 16.2 0.02 57.6 15.6 57.5 14.2 0 59 145 58.9 13.8 0.01
<50 15482 281 14659 -26.6 0.03 878 -36.6 906 -37.8 0.02 127 339 110 293 0.1 14477 276 13643 26 0.04
>50 39681 719 40504 734 1519 -63.4 1491 -62.2 248 -66.1 265 -70.7 37914 724 38748 74
Sex 0.01 0.03 0.05 0.01
Male 28244 51.2 28484 -51.6 1274 -53.1 1244 -51.9 192 -51.2 183 4838 26778 511 27057 51.6
Female 26919 488 26679 -48.4 1123 -46.9 1153 -48.1 183 488 192 51.2 25613 -48.9 25334 -48.4
Fully 27633 -50.1 27576 -50 0 0 0 0 0 NA 0 0 0 0 NA 27633 527 27576 526 0
vaccinat
ed
Pre-
existing
comorbi
dities
Charlso 3.2 23 3.1 22 0.04 23 1.9 24 1.9 0 25 18 25 16 0 3.2 23 3.1 22 0.05
n's
Comorbi
dity
Index12
04 42972 779 44994 -81.6 0.09 2153 -89.8 2145 -89.5 0.01 334 -89.1 340 90.7 0.11 40485 773 42509 -81.1 0.1
56 8338 -15.1 7168 -13 191 -8 200 83 33 88 32 -85 8114 155 6936 -13.2
716 3853 -7 3001 5.4 53 22 52 22 8 21 3 08 3792 72 2946 5.6
Cirrhosi 1898 34 1737 31 0.02 11 05 41 17 0.12 2 05 4 11 0.06 1885 36 1692 32 0.02
S
HCC 1199 22 1189 22 0 5 02 24 1 0.1 0 0 2 05 0.1 1194 23 1163 22 0
Liver 1563 28 1420 26 0.02 14 0.6 41 17 0.11 1 03 4 1.1 0.1 1548 3 1375 26 0.02
decompe
nsation
Hepator 158 03 160 03 0 2 01 3 0.1 0.01 0 0 0 0 0.07 156 03 157 03 0
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enal
syndrom
e

Liver
failure

Hepatic
coma/en
cephalop
athy

Ascites

Variceal
bleeding

Treatme
nt for
HCC
used
before
index
date

Curative
treatmen
t to HCC

Non-
curative
treatmen
t to HCC

Palliativ
e care

298

218

394

973

1111

2388

1811

-4.3

-3.3

303

159

330

842

1065

2125

1675

-0.5 0 5 -0.2 15 -0.6 0.06 0 0 1 -0.3 0.07 293 -0.6
-03 0.02 0 0 0 0 NA 1 -03 0 0 0.07 217 -0.4
-0.6 0.01 5 -0.2 5 -0.2 0 0 0 0 0 NA 389 -0.7
-1.5 0.02 6 -0.3 24 -1 0.1 0 0 3 -0.8 0.13 967 -1.8
-1.9 0.01 4 -0.2 25 -1 0.11 0 0 3 -0.8 0.13 1107 21
-3.9 0.02 19 -0.8 53 22 0.12 0 0 4 -1.1 0.15 2369 -4.5
-3 0.01 20 -0.8 43 -1.8 0.08 1 -0.3 8 -21 017 1790 -3.4

287

159

325

815

1037

2068

1624

-0.5 0

-0.3 0.02
-0.6 0.01
-1.6 0.02
-2 0.01
-3.9 0.03
-3.1 0.02

1Age, and Charlson Comorbidity index are presented in mean + SD.
2The calculation of Charlson Comorbidity Index does not include Acquired Immune Deficiency Syndrome.
COVID-19: Coronavirus disease 2019; HCC: Hepatocellular carcinoma; NA: Not available; SMD: Standardized mean difference.
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Incidence rates of clinical sequelae

The median follow-up duration was 249 (IQR: 108-259) days in the COVID-19+CLD group and 318 (IQR: 318-318) days in
the COVID-19-CLD group. The crude incidence rates of HCC were 64.2 and 54.0 events per 10000 person-years for
COVID-19+CLD and COVID-19-CLD, respectively. There was a trend for increased risk of HCC among COVID-19+CLD
group compared to COVID-19-CLD group (IRR: 1.19, 95%CI: 0.99-1.42, P = 0.06) but did not reach statistical significance.
There were 2273 and 1600 events of all-cause mortality, for COVID-19+CLD group and COVID-19-CLD group,
respectively. The crude incidence rates of all-cause mortality were 676.5 (95%CI: 648.9-704.9) events per 10000 person-
years (2273 events/33601 person-years) for COVID-19+CLD group, and 306.2 (95%CI: 291.4-321.6) events per 10000
person-years (1600 events/52258 person-years) for COVID-19-CLD group. The cumulative incidence of HCC, all-cause
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Patients with CLD (/= 193589)
. With confirmed COVID-19 diagnosis (COVID-19+CLD) between January 1, 2020 and November 15, 2022 (n = 57323)
. Without confirmed COVID-19 diagnosis (COVID-19-CLD) (n = 136266)

Excluded cases:

. COVID-19 diagnosis on or after October 26, 2022,
due to less than 21 d of follow-up (n = 2155)

. Died on or before January 1, 2020 (n = 9)

A4

A 4

Patients with CLD (7 = 191425)
. With COVID-19 diagnosis between January 1, 2020 and October 25, 2022 (7 = 55168)
. Without confirmed COVID-19 diagnosis (n = 136257)

Cannot be matched by propensity-score ( 7= 81099)

e COVID-19+CLD (n = 5)
e COVID-19-CLD (n = 81094)

\ 4

After 1:1 propensity-score matching (7 = 110326)

. COVID-19+CLD (n = 55163)
. COVID-19-CLD (n = 55163)

Number (%) of patients with COVID-19+CLD/COVID-19-CLD group in each index year:

o 2020: 2397 (4.3%)/2397 (4.3%)
o 2021:375 (0.7%)/375 (0.7%)
o 2022: 52391 (95.0%)/52391 (95.0%)

Figure 1 Study flowchart of eligible chronic liver diseases patients with and without confirmed coronavirus disease 2019 diagnosis for
analysis. CLD: Chronic liver disease; COVID-19: Coronavirus disease 2019.

mortality, adverse hepatic outcomes, and palliative care among COVID-19+CLD patients and COVID-19-CLD are shown
in Figure 2. COVID-19+CLD patients were associated with significantly higher risks of all-cause mortality (IRR: 2.21,
95%Cl: 2.07-2.36, P < 0.001), adverse hepatic outcomes (IRR: 1.74, 95%CI: 1.64-1.85, P < 0.001), which were predominantly
contributed by incident cirrhosis (IRR: 1.79, 95%CI: 1.68-1.89, P < 0.001), followed by liver decompensation (IRR: 1.36,
95%Cl: 1.17-1.57, P < 0.001), compared to the COVID-19-CLD (Table 2).

Among patients with CLD, there were no significant differences in the risks of receiving curative (IRR: 1.16, 95%CI:
0.93-1.46, P = 0.20) or non-curative (IRR: 0.98, 95%CI: 0.86-1.11, P = 0.70) treatment to HCC. COVID-19+CLD patients
were at higher chance of receiving palliative care (IRR: 1.60, 95%CI: 1.46-1.75, P < 0.001) compared to COVID-19-CLD
patients (Table 2).

Incidence rates of clinical sequelae according to the phase of infection

During the acute phase of infection, patients with CLD who had confirmed SARS-CoV-2 infection in 2022 were associated
with significantly higher risks of HCC (IRR: 1.89, 95%ClI: 1.03-3.47, P = 0.04) and all-cause mortality (IRR: 7.06, 95%CI:
5.78-8.63, P < 0.001). The risks of adverse hepatic outcomes were increased (IRR: 1.98, 95%CI: 1.79-2.18, P < 0.001), not
only contributed by an increased risk of HCC, but also cirrhosis (IRR: 1.88, 95%CI: 1.71-2.06, P < 0.001) and liver
decompensation (IRR: 2.85, 95%CI: 1.77-4.58, P < 0.001). There were no significant differences in the incidence of receiving
curative treatment (IRR: 0.57, 95%CI: 0.25-1.28, P = 0.17) or non-curative treatment (IRR: 1.24, 95%CI: 0.77-2.01, P = 0.38),
but a significantly higher chance of receiving palliative care (IRR: 4.46, 95%ClI: 3.28-6.06, P < 0.001) for the COVID-19
patients, compared to the controls (Table 3).

In the post-acute phase of infection, CLD patients with SARS-CoV-2 infection were still associated with significantly
higher risks of HCC (IRR: 1.24, 95%CI: 1.00-1.53, P = 0.05), all-cause mortality (IRR: 1.24, 95%CI: 1.14-1.36, P < 0.001) and
adverse hepatic outcomes (IRR: 1.24, 95%CI: 1.13-1.35, P < 0.001), but the risk ratios were numerically diminished
compared to the acute phase. Risk of incident cirrhosis (IRR: 1.28, 95%ClI: 1.17-1.39, P < 0.001) and liver decompensation
(IRR: 1.26, 95%CI: 1.05-1.52, P = 0.01) in CLD patients with COVID-19 were maintained compared to controls. There were
no significant differences in the incidence of receiving curative treatment (IRR: 1.20, 95%ClI: 0.92-1.57, P = 0.18), non-
curative treatment (IRR: 1.02, 95%CI: 0.88-1.18, P = 0.82), and palliative care (IRR: 1.10, 95%CI: 0.98-1.24, P = 0.11) for HCC
(Table 3). Figure 3 shows the cumulative incidence of HCC, all-cause mortality, adverse hepatic outcomes, and palliative
care in the acute and post-acute phases of SARS-CoV-2 infection and Figure 4 shows the proportion of treatment
modalities of HCC stratified by the presence and phase of SARS-CoV-2 infection.
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Table 2 Incidence rates of clinical sequelae of chronic liver disease patients with coronavirus disease 2019 diagnosis in 2020-2022 and controls after 1:1 propensity score matching

2020-2022
COVID-19 patients (n = 55163) Control (n = 55163)
o Crude incidence rate L Crude incidence rate COVID-19 patients vs control
Outcomes  Cymulative incidence Cumulative incidence
(Events/10000 person-yr) (Events/10000 person-yr)
. Person- . Person-
New events Rate, % Estimate 95%Cl New events Rate, % Estimate 95%ClI IRR’ 95% CI P value
years years

HCC 211 0.39 64.2 (55.8,73.5) 32870 276 0.51 54 (47.8, 60.8) 51087 1.19 (0.99, 1.42) 0.06
All-cause 2273 412 676.5 (648.9,704.9) 33601 1600 2.9 306.2 (291.4,321.6) 52258 IR (2.07,2.36) <0.001
mortality
Adverse 2407 4.62 789.3 (758.1,821.5) 30495 2183 419 4535 (434.7,473.0) 48133 1.74° (1.64,1.85) <0.001
hepatic
outcomes
Cirrhosis 2493 4.68 803.8 (772.6,836.0) 31014 2206 414 450.1 (431.5,469.2) 49015 1.79° (1.68,1.89) <0.001
Liver 88 0.16 26.3 (21.1,32.4) 33468 106 0.19 20.4 (16.7, 24.6) 52070 1.29 (0.97,1.71) 0.08
decompensati
on hepator-
enal syndrome
Liver failure 71 0.13 213 (16.6, 26.8) 33371 91 0.17 175 (14.1,21.5) 51902 1.21 (0.89, 1.66) 0.22
Hepatic 60 0.11 17.9 (13.7,23.1) 33454 61 0.11 11.7 (9.0,15.1) 52033 1.53° (1.07,2.18) 0.02
coma/enceph-
alopathy
Ascites 129 0.24 38.7 (32.3, 46.0) 33341 154 0.28 29.7 (25.2,34.8) 51882 1.30° (1.03, 1.65) 0.03
Variceal 150 0.28 455 (38.5, 53.4) 32977 159 0.29 31 (26.4, 36.2) 51316 1.47° (1.17,1.84) <0.001
bleeding
Curative 130 0.24 39.5 (33.0, 46.9) 32892 174 0.32 34 (29.1, 39.5) 51156 1.16 (0.93, 1.46) 0.2
treatment to
HCC
Hepatic 86 0.16 259 (20.7,32.0) 33206 109 0.2 21.1 (17.3,25.5) 51664 1.23 (0.93,1.63) 0.16
resection
Liver 13 0.02 3.9 (2.1, 6.6) 33442 20 0.04 3.8 (2.3,5.9) 52028 1.01 (0.50, 2.03) 0.97
transplantatio
n
Radiofre- 51 0.09 15.3 (11.4,20.1) 33294 75 0.14 14.5 (11.4,18.2) 51784 1.06 (0.74,1.51) 0.76
quency
ablation of
liver
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1225 (110.7,1353) 32151 627 119 1256 (116.0,135.8) 49916 0.98
25 (19.9,31.0) 33239 125 023 242 (20.1,28.8) 51691 1.03
09 02,26) 33543 3 0.01 0.6 01,1.7) 52189 156
108.2 (97.2,1202) 32434 547 1.03 108.6 (99.7,1181) 50363 1
285.8 (267.7,304.8) 32332 904 17 179 (1675,191.0) 50510 1.60"

(0.86,1.11)

(0.78,1.36)

(031, 7.71)

(0.87,1.14)

(1.46,1.75)

0.7

0.96

<0.001

1RR > 1 (or < 1) indicates COVID-19 patients had higher (lower) risk of clinical outcome compared to the matched control group.

4P <0.05.

PP <0.01. IRR is considered statistically significant, with indicates *P < 0.05 and indicates ®P < 0.01. COVID-19: Coronavirus disease 2019; HCC: Hepatocellular carcinoma; IRR: Incidence rate ratio.
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Subgroup analysis

Results of HCC among most subgroups showed that there were no significant differences between the subgroups
compared, which were generally consistent with the main results. Meanwhile, results of the subgroups of patients with
cirrhosis, HBV, multi-organ dysfunction, and patients in the year 2022 showed that COVID-19+CLD was associated with
significantly higher risks of HCC, while result of subgroup of patients in the year 2020 showed a significantly lower risk
of HCC, compared to COVID-19-CLD. Results of all-cause mortality outcome among subgroups were mostly consistent
with the main results, except for the subgroup of younger patients (age < 50) and patients in the year 2020, 2021. The
increased risks of adverse hepatic outcomes in CLD patients with SARS-CoV-2 infection were mostly consistent with the
main results, regardless of causes of CLD, presence of multi-organ dysfunction, COVID-19 vaccination status, or the time
period. For the observed heightened risks of liver decompensation in SARS-CoV-2 infected patients with CLD compared
to uninfected patients with CLD, the results in the subgroups were also mostly consistent for older patients (age > 50),
HBYV causes of CLD, patients with multi-organ dysfunction, fully vaccinated individuals, and patients who were
diagnosed with COVID-19 in the year 2022 (Supplementary Table 2). The observed higher risks of palliative care in all
subgroups were consistent with the main results, regardless of cirrhosis, etiology of CLD, multi-organ dysfunction, and
COVID-19 vaccination status (Supplementary Table 2). The results of subgroup analyses among COVID-19+CLD patients
showed no significant differences in the incidence of HCC, all-cause mortality, adverse hepatic outcomes, and receiving
palliative care in the hospitalization subgroup. Nevertheless, antiviral users were associated with significantly higher risk
of adverse hepatic outcomes, compared to patients who did not receive any antiviral medications (Supplemen-tary Table
3).
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Figure 2 The cumulative incidence of study outcomes among chronic liver disease patients with and without severe acute respiratory
syndrome coronavirus 2 infection. A: Hepatocellular carcinoma; B: All-cause mortality; C: Adverse hepatic outcomes; D: Palliative care. HCC: Hepatocellular
carcinoma; COVID-19: Coronavirus disease 2019.

DISCUSSION

In this large real-world cohort of patients with pre-existing CLD, we demonstrated that SARS-CoV-2 infection was
significantly associated with an increased risk of all-cause mortality and adverse hepatic outcomes, which is consistent
with the literature. We observed that while the overall risk of incident HCC was not increased, alterations in treatment
strategies for HCC were inevitable following COVID-19 in patients with CLD, with an increased risk of receiving
palliative care as the definitive treatment for HCC. The negative influence of SARS-CoV-2 infection on patients with CLD
observed during the acute phase persisted through to the post-acute phase, albeit in a diminished manner. Our cohort is
further distinguished from other published studies by the inclusion of mostly (> 95%) non-cirrhotic patients, whose
underlying CLD was due to HBV in 40% of the cohort (Supplementary Table 2), in contrast to other published studies
that investigated individuals with cirrhosis[1-3], with ALD as the predominant etiology[21]. Importantly, instead of
uninfected healthy controls, historic cohorts or SARS-CoV-2 infected patients without CLD, we compared the risk against
contemporaneous CLD patients without SARS-CoV-2 infection, after matching for age, gender, comorbidity, COVID-19
vaccination status, and observation period. In addition, we demonstrated that the increased risk of all-cause mortality in
COVID-19+CLD was at least contributed by adverse hepatic outcomes, namely incident cirrhosis and liver
decompensation (hepato-renal syndrome, liver failure, hepatic encephalopathy, ascites, and variceal bleeding). For the
first time, the risk of adverse hepatic outcomes in the acute and post-acute phase of COVID-19 among patients with CLD
was reported. We showed that the risk of incident cirrhosis persisted in the post-acute phase among COVID-19+CLD
patients. Similarly, the risk of liver decompensation was most pronounced in the acute phase of SARS-CoV-2 infection,
but was maintained in a diminished manner in the post-acute phase. Although the exact mechanisms are not known, one
can postulate that SARS-CoV-2 infection and the resultant cytokine activation[22,23] and immune perturbations[24]
resulted in further liver injury, and accelerated liver fibrogenesis due to activation of hepatic stellate cells responsible for
fibrogenesis[25] in CLD subjects who are already predisposed to cirrhosis, leading to earlier onset of this complication.
Even after the resolution of SARS-CoV-2 infection, which is a predominantly extra-hepatic acute illness, the risk of new-
onset cirrhosis and liver decompensation remains exaggerated compared to uninfected controls. This finding carries
potential implications on enhanced surveillance and monitoring of patients with CLD who have recovered from SARS-
CoV-2 infection.

uiedenge  VWIH | https:/ /www.wjgnet.com 220 February 27,2024 | Volume16 | Issue2 |


https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf
https://f6publishing.blob.core.windows.net/97039d28-d010-462c-b804-53eaa2d2fe97/WJH-16-211-supplementary-material.pdf

Mak LY et al. Long COVID-19 in CLD and HCC

Table 3 Incidence rates of clinical sequelae of chronic liver disease patients with coronavirus disease 2019 in 2022 and matched controls in the acute and post-acute phases of infection

Acute phase of infection (within 21 d) Post-acute phase of infection (beyond 21 d)
COVID-19 patients in 2022 (n = 52391) Control (n = 52391) . . COVID-19 patients in 2022 (n = 47986)
- — - — COVID-19 patients in 2022 vs - —
Outcome  Cymulative Crude incidence rate Cumulative Crude incidence rate el Cumulative Crude incidence rate
S incidence (Events/10000 person-yr) incidence (Events/10000 person-yr) incidence (Events/10000 person-yr)
New . Person- New . Person- New . Person-
Rate Estimate 95%Cl Rate Estimate 95%Cl IRR' 95%Cl  Pvalue Rate Estimate 95%ClI
events yr events yr events yr
HCC 30 0.06 107.9 (72.8, 2781 16 0.03 57.1 (32.6, 2,801 1.89° (1.03, 0.04 151 0.32 66.2 (56.1, 22,797
154.0) 92.8) 3.47) 77.7)
All-cause 764 1.46 2683.7 (2496.7, 2847 109 0.21 380.1 (3121, 2868 7.06° (5.78, <0.001 854 1.78 365.6 (3415, 23356
mortality 2880.9) 458.5) 8.63) 391.0)
Adverse 1180 239 4469.6 (42182, 2640 607 1.23 2259.6 (20834, 2686 1.98" (1.79, <0.001 895 1.99 415 (3883, 21564
hepatic 4732.1) 2446.7) 2.18) 443.1)
outcomes
Cirrhosis 1260 249 4676.2 (44216, 2694 683 1.35 2490 (23067, 2743 1.88° (171, <0.001 900 1.96 409.6 (383.2, 21974
4941.8) 2683.9) 2.06) 437.2)
Liver 20 0.04 70.5 (431, 2837 6 0.01 21 (7.7,45.7) 2859 3.36" (1.35, 0.009 54 0.11 232 (17.4, 23278
decompe 108.9) 8.36) 30.3)
nsation
hepatoren
al
syndrome
Liver 14 0.00% 495 (27.0, 2831 4 0.01 14 (3.8,35.9) 2852 3.53° (1.16, 0.03 43 0.09 185 (13.4, 23217
failure 83.0) 10.71) 24.9)
Hepatic 8 0.02 282 (122, 2835 6 0.01 21 (7.7,45.7) 2856 1.34 (0.47, 0.59 38 0.08 16.3 (116, 23261
coma/enc 55.6) 3.87) 22.4)
ephalopat
hy
Ascites 22 0.04 77.9 (4838, 2826 10 0.02 35.1 (16.8, 2847 2.22° (1.05, 0.04 82 0.17 35.4 (281, 23176
117.9) 64.6) 4.68) 43.9)
Variceal 37 0.07 1325 (93.3, 2793 12 0.02 4.6 (22.0, 2,815 3.11° (162, <0.001 85 0.18 37.1 (29.7, 22898
bleeding 182.6) 74.5) 5.96) 45.9)
Curative 9 0.02 323 (148, 2786 16 0.03 57 (32.6, 2807 0.57 (0.25, 0.17 93 0.2 40.7 (329, 22,828
treatment 61.3) 92.6) 1.28) 49.9)
to HCC
Hepatic 4 0.01 142 (3.9,36.4) 2815 10 0.02 35.3 (16.9, 2836 0.4 (0.13, 0.12 64 0.13 27.7 (214, 23072
resection 64.8) 1.28) 35.4)
Liver 3 0.01 10.6 (2.2,30.9) 2835 1 0 35 (0.1,19.5) 2856 NA NA NA 6 0.01 26 (0.9,5.6) 23268
transplant
ation
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136.1 (958, 2719 30 0.06 109.6 (73.9, 2738 1.24 077, 0.38 289 0.63
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1IRR > 1 (or < 1) indicates COVID-19 patients had higher (lower) risk of clinical outcome compared to the matched control group. IRR was estimated only if the total number of events in the two comparison groups were greater than 1.

4P <0.05.

P <0.01. IRR is considered statistically significant, with indicates 2P < 0.05 and indicates ®P < 0.01. HCC: Hepatocellular carcinoma; HR: Hazard ratio; IRR: Incidence rate ratio; COVID-19: Coronavirus disease 2019.
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Although the risk of HCC was not found to be significantly increased among COVID-19+CLD patients in the overall
cohort (IRR 1.19, 95%CI: 0.99-1.42, P = 0.06), there was an increased risk of HCC in both acute (IRR 1.89, 95%CI: 1.03-3.47,
P =0.04) and post-acute phase (IRR 1.24, 95%CI: 1.00-1.53, P = 0.05). This phenomenon cannot be explained by the higher
risk of cirrhosis and liver decompensation following SARS-CoV-2 infection as the time window was too short for hepato-
carcinogenesis. Although SARS-CoV-2 has been suggested to demonstrate liver tropism as confirmed by viral RNA and
spike protein detection in autopsy liver specimens[26,27], it is not known to cause carcinogenic mutations or induce pro-
oncogenic proteins like what hepatitis B virus does[28,29]. Therefore, non-biological mechanisms likely exist to account
for the observed increased risk of HCC in CLD patients infected by SARS-CoV-2 infection. We hypothesized that it might
be related to paradoxically earlier detection of tumors in patients with COVID-19 who are also known to have increased
risk of acute liver injury[30,31], that triggered off imaging workups for abnormal liver enzymes. Importantly, the chance
of receiving palliative care was markedly increased in the acute phase (IRR 4.46) but not in the post-acute phase of SARS-
CoV-2 infection. Understandably, during the acute phase of infection, patients might be too sick to receive more
aggressive treatment such as surgical resection, and the common association with abnormal liver enzymes would have
precluded these subjects from medical oncological treatment such as immunotherapy or targeted therapy[7]. During the
initial phase of COVID-19 pandemic, there was implementation of lockdown strategies and prioritization of healthcare
services to prevention and management of SARS-CoV-2 in virtually all health care facilities[32]. It inevitably led to delays
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Figure 3 The cumulative incidence of study outcomes in the acute phase vs post-acute phase of infection. A: Hepatocellular carcinoma; B: All-
cause mortality; C: Adverse hepatic outcomes; D: Palliative care. HCC: Hepatocellular carcinoma; COVID-19: Coronavirus disease 2019.
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Figure 4 Proportion of hepatocellular carcinoma treatment modality in different groups, expressed by crude incidence rate (events/10000
person-years). HCC: Hepatocellular carcinoma; COVID-19: Coronavirus disease 2019.

in routine care, such as patient follow-up[33], HCC surveillance and priority referrals to relevant disciplines to manage
HCC.[11] Even for subjects with milder disease course of COVID-19 and preserved liver function, because of such
disruption in the routine clinical service, essential abdominal imaging such as ultrasound scans and computed
tomography scans[34,35] was not performed for CLD patients in a capacity similar to pre-COVID era[36]. This would
inevitably lead to delays in HCC diagnosis, causing these patients to be diagnosed at a more advanced stage of cancer
and eventually became ineligible for loco-regional oncological treatments for HCC even when their medical condition
was otherwise stable[7]. This hypothesis is further supported by the fact that patients had a paradoxically ‘reduced’ risk
of HCC during earlier period of COVID-19 (i.e., year 2020) coinciding with lockdown and suspension of services, but an
increased risk of HCC towards the later stages of the COVID-19 pandemic (i.e. year 2022) when healthcare services
gradually resumed (Supplementary Table 2). In the post-acute phase, when the infection resolved, regardless of whether
there was COVID-19 induced abnormal liver biochemistry, these patients would be re-evaluated for eligibility to receive
oncological treatment, thus contributing to the resolved risk of receiving palliative care.

In the subgroup analysis, we showed that the increased risks of all-cause mortality, liver decompensation, and
palliative strategy for HCC were more pronounced among older subjects, cirrhotic patients, HBV-related CLD, presence
of multi-organ dysfunction, and unvaccinated/non-fully vaccinated subgroups. We observed no increased risk for these
adverse outcomes in year 2020 and 2021. Intriguingly, there was a significantly reduced risk of liver decompensation
among COVID-19 subjects with CLD during year 2020 compared to uninfected CLD subjects. In the early stage of the
pandemic, when vaccination and antiviral treatment were unavailable, intensive monitoring and supportive treatment
were the only measures that could be taken. In addition, every confirmed case of COVID-19 infection was hospitalized
regardless of severity. These practices might have paradoxically led to heightened vigilance, allowing opportunistic
surveillance for laboratory abnormalities and optimization of the underlying CLD, which in turn lowered the risk of liver
decompensation. Importantly, full vaccination was associated with a numerically lower risk of all-cause mortality and
adverse hepatic outcomes in COVID-19 subjects with CLD (IRR 1.53 and 1.42, respectively) compared to non-fully
vaccinated COVID-19 subjects with CLD (IRR 2.37 and 1.73, respectively). Similarly, full vaccination was associated with
numerically lower chance of palliative care in COVID-19 subjects with CLD (IRR 1.41, 95%CI: 1.15-1.71, P < 0.001)
compared to non-fully vaccinated COVID-19 subjects with CLD (IRR 1.68, 95%ClI: 1.50-1.89, P < 0.001). Although the
immediate threats of the COVID-19 pandemic is waning with the widespread adoption of vaccination and availability of
antiviral therapies, the pandemic is not yet over[37] and vigilance should be maintained to protect vulnerable subjects
from the adverse effects of COVID-19. Booster doses for COVID-19 vaccine for the general population are recommended
[38], due to rapid emergence of variant strains and to maintain immunological memory. As COVID-19 vaccines have been
proven safe to use without increasing risk of acute liver injury[12], the findings from our current study further supports
the uptake of the COVID-19 vaccine among patients with CLD.

Our study has some limitations. Firstly, we did not adjust for the severity of SARS-CoV-2 infection during the acute
phase, and further stratification of the risks of adverse outcomes based on disease severity was not possible. Disease
severity might also have confounded the observed higher risk of adverse hepatic outcomes among antiviral users
(Supplementary Table 3), compared to no antiviral use, because antivirals were mainly indicated among those with, or at
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risk of more severe COVID-19 infection[39]. Secondly, the diagnosis and outcomes were based on coding, and might have
detected fewer events than expected due to non-coded conditions. This might have contributed to the small sample size
in certain subgroups, leading to under-powered issue for the statistical analysis.

CONCLUSION

In conclusion, this large cohort consisting of 110,326 patients with CLD demonstrated SARS-CoV-2 infection was not
associated with increased risk of HCC, but significantly higher risk of all-cause mortality, adverse hepatic outcomes, and
with negative effect in treatment strategy for HCC. We found that although CLD patients with SARS-CoV-2 infection
were not associated with increased risk of liver cancer, they are more likely to receive palliative treatment for HCC,
compared to CLD patients who did not have SARS-CoV-2 infection. We showed for the first time that these detrimental
effects of SARS-CoV-2 infection are observed in both the acute and post-acute phases among patients with CLD.
Specifically, new-onset cirrhosis and liver decompensation are shown to be a type of clinical presentation of PASC, with a
persisting risk of these hepatic PASCs even after the resolution of acute SARS-CoV-2 infection. These findings have
important implications for monitoring and surveillance strategies for patients with CLD who have recovered from SARS-
CoV-2 infection, and vaccination against SARS-CoV-2 infection should continue to be advocated among patients with
CLD.

ARTICLE HIGHLIGHTS

Research background
Chronic liver disease (CLD) was associated with adverse clinical outcomes among people with severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2) infection.

Research motivation

There is no data regarding how coronavirus disease 2019 (COVID-19) interplay with the risk of hepatocellular carcinoma
(HCC) and subsequent treatment strategy. In addition, much is known about the immediate and long-term consequences
of SARS-CoV-2 infection in CLD patients, and how they affect the incidence and oncological treatment for HCC.

Research objectives

We determined the effects of SARS-CoV-2 infection on the incidence and treatment strategy of HCC among patients with
CLD.

Research methods

A retrospective, territory-wide cohort of CLD patients was identified from an electronic health database in Hong Kong.
Patients with confirmed SARS-CoV-2 infection (COVID-19+CLD) between January 1, 2020 and October 25, 2022 were
identified and matched 1:1 by propensity-score with those without (COVID-19-CLD). Each patient was followed up until
death, outcome event, or November 15, 2022. Primary outcome was incidence of HCC. Secondary outcomes included all-
cause mortality, adverse hepatic outcomes, and different treatment strategies to HCC (curative, non-curative treatment,
and palliative care). Analyses were further stratified by acute (within 20 d) and post-acute (21 d or beyond) phases of
SARS-CoV-2 infection. Incidence rate ratios (IRRs) were estimated by Poisson regression models.

Research results

Of 193589 CLD patients (> 95% non-cirrhotic) in the cohort, 55163 patients with COVID-19+CLD and 55163 patients with
COVID-19-CLD were included after 1:1 propensity-score matching. Upon 249-d median follow-up, COVID-19+CLD was
not associated with increased risk of incident HCC (IRR: 1.19, 95%CI: 0.99-1.42, P = 0.06), but higher risks of receiving
palliative care for HCC (IRR: 1.60, 95%CI: 1.46-1.75, P < 0.001), compared to COVID-19-CLD. In both acute and post-acute
phases of infection, COVID-19+CLD were associated with increased risks of all-cause mortality (acute: IRR: 7.06, 95%CI:
5.78-8.63, P < 0.001; post-acute: IRR:1.24, 95%CI: 1.14-1.36, P < 0.001) and adverse hepatic outcomes (acute: IRR: 1.98,
95%Cl: 1.79-2.18, P < 0.001; post-acute: IRR: 1.24, 95%CI: 1.13-1.35, P < 0.001), compared to COVID-19-CLD.

Research conclusions

Although CLD patients with SARS-CoV-2 infection were not associated with increased risk of HCC, they were more
likely to receive palliative treatment than those without. We showed for the first time that the detrimental effects of
SARS-CoV-2 infection persisted in post-acute phase.

Research perspectives

Our findings have important implications for strategies of monitoring and surveillance for patients with CLD who have
recovered from SARS-CoV-2 infection, and vaccination against SARS-CoV-2 infection should continue to be advocated
among CLD patients.
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