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ARTICLE INFO ABSTRACT
Keywords: Objective: The incidence and mortality of hepatocellular carcinoma (HCC) have been increasing around the world.
Hepatocellular carcinoma Current guidelines recommend HCC screening in high-risk population. However, the strength of evidence of ben-
Scree{ung efits and harms of HCC screening to support the recommendation was unclear. The objective is to systematically
ﬁeneﬁts synthesize current evidence on the benefits and harms of HCC screening.

arms

Methods: We searched PubMed and nine other databases until August 20, 2021. We included cohort studies and
RCTs that compared the benefits and harms of screening and non-screening in high-risk population of HCC. Case
series studies that reported harms of HCC screening were also included. Pooled risk ratio (RR), according to HCC
screening status, was calculated for each benefit outcome (e.g., HCC mortality, survival rate, proportion of early
HCCQ), using head-to-head meta-analysis. The harmful outcomes (e.g., proportion of physiological harms provided
by non-comparative studies were pooled by prevalence of meta-analysis. Analysis on publication bias and quality
of life, subgroup analysis, and sensitivity analysis were also conducted.

Meta-analysis

Results: We included 70 studies, including four random clinical trials (RCTs), 63 cohort studies,three case se-
ries studies. The meta-analysis of RCTs showed HCC screening was significantly associated with reduced HCC
mortality (RR [risk ratio], 0.73 [95% CI, 0.56-0.96]; I> = 75.1%), prolonged overall survival rates (1-year, RR,
1.72 [95% CI, 1.13-2.61]; I? = 72.5%); 3-year, RR, 2.86 [95% CI, 1.78-4.58]; I> = 10.1%; and 5-year, RR, 2.76
[95% CI, 1.37-5.54]; I> = 28.3%), increased proportion of early HCC detection (RR, 2.68 [95% CI, 1.77-4.06];
2 = 50.4%). Similarly, meta-analysis of cohort studies indicated HCC screening was more effective than non-
screening. However, pooled proportion of physiological harms was 16.30% (95% CI: 8.92%-23.67%) and most
harms were of a mild to moderate severity.

Conclusion: The existing evidence suggests HCC screening is more effective than non-screening in high-risk pop-
ulation. However, harms of screening should not be ignored.

1. Introduction The total global disability adjusted life years (DALYs) of HCC increased
from 13.31 million person-years in 1990 to 21.14 million person-years

Hepatocellular carcinoma (HCC) is the sixth most commonly diag- in 2016.*

nosed cancer and the fourth leading cause of cancer death in the world,
with an estimated global incidence of HCC per 100,000 person-years of
9.3 and a corresponding mortality of 8.5 in 2018.! The incidences of
HCC in high-rate areas such as Asia and Africa remain high, while the
incidences in low-rate areas such as Europe and the United States have
been increasing.? China has the greatest number of cases (incidence
of 17.5 per 100,000) and the world’s largest population (1.4 billion).>
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The most common risk factors for HCC are infection with the Hep-
atitis B virus (HBV) or the Hepatitis C virus (HCV), excessive alcohol in-
take, obesity, type 2 diabetes, and aflatoxin.? Screening can help detect
HCC at an early stage when it is amenable to curative therapy to reduce
mortality.® Most current guidelines®® recommend screening with ul-
trasound (US) with or without alpha-fetoprotein (AFP) every 6 months
in high-risk population, i.e., those with HBV, HCV, and/or cirrhosis, as
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well as other chronic liver diseases. However, current guidelines only
cite the Zhang 2004 trial® as the major source of evidence supporting
the recommendations. The current guidelines do not rest on a systematic
review of the current evidence or an evaluation of its strength.

The World Health Organization and American College of Physicians
emphasize that “screening is not a single test but a comprehensive in-
tervention with a cascade of subsequent events of either benefit or
harm”.19-1! Benefits are only found for truly positive patients who can
be treated at the early stages of the disease. In other cases, screening can
lead to harm to patients and a waste of resources. To determine whether
a screening program is worth implementing, it is necessary to identify
the benefits of screening against their harms and costs. The prognosis
of HCC depends on the tumor stage. Patients detected in early stages
can have higher survival rates resulting from transplantation or resec-
tion. Regorafenib and trans-arterial radioembolization represent valu-
able and relatively safe therapeutic options in intermediate/advanced
HCC, whereas more advanced cases have a median survival of less than
1 year and a 3-year survival rate of only 27%.'%:!3 US and AFP are
the most common screening modalities for HCC, and these have no di-
rect physiological harm to patients and are of a relatively low cost.®>®
It is suggested that screening for HCC may be beneficial, but the harms
of HCC screening (e.g., unnecessary biopsies, radiation exposure, and
physiological anxiety) should not be ignored.>'°

The U.S. Preventive Services Task Force (USPSTF) evaluated the ben-
efits and harms of more than 10 kinds of evidence-based cancer screen-
ing by performing systematic reviews, such as lung, colorectal, and
breast cancer screening,'#"'° but they did not examine HCC screening.
On the other hand, there only have been three qualitative reviews and
two meta-analyses of the benefits of HCC screening.!”-2! Two qualita-
tive reviews published in 2003 and 2012 only summarized the random
clinical trials (RCTs) of AFP and/or US for HCC screening in patients
with HBV.!7-20 Another qualitative review published in 2014 only re-
viewed studies that evaluated the benefits of HCC screening in patients
with chronic liver disease.!® Only two meta-analyses have evaluated
the benefits of HCC surveillance in patients with cirrhosis.'®?! There-
fore, we performed a systematic review and meta-analysis to compre-
hensively assess the benefits and harms of HCC screening in all high-risk
populations.

2. Materials and methods

We conducted and report this systematic review following the rec-
ommendations of the PRISMA 2020 statement.

2.1. Protocol and registration

This review was prospectively registered on the PROSPERO website
as No. CRD42020148258 (https://www.crd.york.ac.uk/prospero/).

2.2. Search strategy

PubMed, Embase, the Cochrane library, Clinicaltrials.gov, Web of
Science, Google scholar, and Chinese databases (CNKI, WanFang, VIP,
and SinoMed) were searched from their inception to October 31,
2019, and an updated search was conducted through August 20, 2021.
We used the keywords “screening” and “hepatocellular carcinoma” to
search for relevant studies. The details of the search strategy are shown
in Supplementary Table 1. In addition, we manually searched the refer-
ence lists of relevant reviews.

2.3. Study selection

Two reviewers (JCY and SQY) independently screened the titles and
abstracts of studies based on the predefined inclusion and exclusion cri-
teria. The reviewers resolved any discrepancies through discussion or,
if necessary, by seeking a decision from a third reviewer (FS or ZRY).
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Studies were included if they met all of the following criteria: (i)
study population including high-risk population of HCC (e.g., those with
HBV, HCV, cirrhosis, and/or another chronic liver disease); (ii) interven-
tions including screening modalities (e.g., AFP, US, CT, and MRI); (iii)
comparators: non-screening; (iv) outcomes: benefits and/or harm out-
comes (the outcomes of interest are listed below in Section 2.4); and (v)
a study design in which the benefit outcomes were included in compar-
ative studies (RCTs and cohort studies), and the harm outcomes were
included in the comparative and non-comparative studies.

We excluded duplicate studies and studies in which outcome data
were lacked or unavailable. Studies that compared different screening
intervals or modalities were also excluded. If the same study was re-
ported in more than one publication, we only included the most infor-
mative article or the longest follow-up study to avoid duplication of
information.

2.4. Definition of outcomes

2.4.1. Outcomes of benefits

HCC mortality: This was the main benefit outcome, given that the
goal of cancer screening is to reduce mortality. This is measured by the
total number of deaths from HCC over a defined time interval (e.g., 1
year), divided by the number of people at risk for HCC in the population
(screening population) during the same interval.>?

Survival rate: the number of people diagnosed with HCC who are
still alive, for example, 1, 3, and 5 years after diagnosis, divided by the
total number of HCC at those time points.??

Proportion of early HCC: the total number of early HCC divided by
the total number of HCC; this was the intermediate benefit outcome.

2.4.2. Outcomes of harms

Proportion of physiological harm: the number of people who suffer
physiological harm from screening divided by the total screening popu-
lation. Physiological harm is defined as any harm requiring subsequent
follow-up testing related to false-positive or indeterminate screening re-
sults, which can be classified as mild (one diagnostic CT or MRI), moder-
ate (multiple CT and/or MRI exams), or severe (any invasive evaluation,
such as a biopsy or angiogram).?3

Proportion of psychological harm: the number of people who suffer
psychological harm divided by the total screening population. Psycho-
logical harm includes any psychological problems (e.g., anxiety, psy-
chological distress, and psychological anxiety) developed in response to
positive screening results.'®

2.5. Data extraction

The following information was extracted from each eligible study:
basic information (first author, year of publication), population char-
acteristics, screening modalities, screening intervals, benefits outcomes,
harms outcomes, and study design. Two groups of reviewers (JCY with
SQY and XYZ with LG) independently extracted data from the selected
studies. The reviewers resolved any discrepancy through discussion or,
if necessary, by seeking a decision from a third reviewer (FS or ZRY).

2.6. Assessment of risk of bias

Cochrane’s tool for assessing risk of bias in randomized trials (CROB)
was used to assess the risk of bias of RCTs based on seven domains.>* If
studies were rated as low risk of bias in at least four domains, it would
be of moderate to high quality. The Newcastle-Ottawa Scale (NOS) was
used to assess the quality of cohort studies.?> Each study was assigned
from O to 9 stars across three domains: selection (0-4), comparability
(0-2), and outcome (0-3). Studies with at least 6 stars were considered
to be of moderate to high quality. We assessed case series studies with
the National Institute for Clinical Excellence criteria (NICE).2° Each item
was assigned a score of 1 (yes) or 0 (no), and the scores were summed
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across items to generate an overall study quality score. Studies with
a quality score of at least 4 points were considered moderate to high
quality. The reviewers resolved any discrepancy through discussion or,
if necessary, by seeking a decision from a third reviewer (FS or ZRY).

2.7. Data synthesis and statistical analysis

2.7.1. Data synthesis

STATA software version 15.0 (StataCorp LP, College Station, TX) was
used for all statistical analyses and to generate forest plots. We pooled re-
sults separately for RCTs and observational studies, as those studies are
designed differently. Pooled risk ratios (RRs) according to HCC screen-
ing status were calculated for each benefit outcome (e.g., HCC mortality,
survival rate, proportion of early HCC), using a random effects model of
head-to-head meta-analysis. Harms outcomes (e.g., proportions of phys-
iological and psychological harm) were provided by non-comparative
studies and were pooled by prevalence of meta-analysis. The threshold
for statistical significance was defined as P < 0.05. Heterogeneity was
assessed with the chi-square test using Cochrane’s Q statistic and was
quantified using I? values.

2.7.2. Assessment of publication bias

For the symmetry of funnel plots, Egger’s test was used to evaluate
the presence of publication bias when 10 or more studies were avail-
able, and P < 0.05 was considered indicative of statistically significant
publication bias.

2.7.3. Subgroup analyses

We performed pre-planned subgroup analyses according to screen-
ing modalities, screening population, screening intervals, whether the
included studies adjusted lead-time bias, location of study, study pe-
riod, proportion of Child Pugh C, and mean age of population to explore
potential sources of heterogeneity.?”

2.7.4. Sensitivity analysis
We performed a sensitivity analysis by excluding studies with high
risk of bias.

2.8. Rating the quality of evidence

Two reviewers (JCY and SQY) independently rated the quality
of evidence using the Grading of Recommendations Assessment, De-
velopment, and Evaluation (GRADE) framework. The reviewers re-
solved any discrepancies through discussion, if necessary, or by seek-
ing a decision from a third reviewer (FS or ZRY). Based on the
GRADE guideline, we downgraded the quality of evidence based
on five dimensions (limitation, inconsistency, indirections, impreci-
sion, and reporting bias) for RCTs and observational studies, and we
only upgraded the quality of evidence on three dimensions (large
effect, plausible confounding, and dose response) for observational
studies.?®

3. Results
3.1. Literature search

The inclusion process is presented in the PRISMA diagram
shown in Fig. 1. The database and manual searches yielded
7846 potentially relevant records. After abstracts and full texts
were screened, 70 studies®23-29-% were ultimately included in the
meta-analysis.

3.2. Characteristics of included studies

The characteristics of the included studies are summarized in Sup-
plementary Table 2. All of the studies were published between 1990
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and 2021. Four RCTs compared benefits outcomes in the HCC screen-
ing and non-screening groups. In all, 63 cohort studies compared ben-
efits outcomes in the HCC screening and non-screening group; how-
ever, only 5 cohort studies®*:8:83,91,9 provided the size of the screen-
ing population. Therefore, the total size of the screening population
of cohort studies could not be obtained. In addition, three case se-
ries studies and one cohort study reported harms outcomes of HCC
screening.

In addition, all RCTs had high risk of bias. However, only 11 cohort
studies had high risk of bias. The three case series studies had low risk
of bias. Details of the risk of bias assessment are presented in Supple-
mentary Table 3-5.

3.3. Benefits of HCC screening

3.3.1. HCC mortality

As shown in Fig. 2, three RCTs?>3%:%8 and three cohort stud-
ies34.68,91 compared HCC mortality with and without screening. The
meta-analysis of these RCTs (with 31,051 members of the screened pop-
ulation vs. 61,856 members of the population that were not screened)
indicated that HCC mortality was significantly lower in the screened
group (RR, 0.73 [95% CI, 0.56-0.96]; 2 75.1%). For the co-
hort studies (with 16,723 screened vs. 5365 not screened), meta-
analysis of these cohort studies showed HCC mortality was signifi-
cantly lower in the screened group (RR, 0.53 [95% CI, 0.36-0.78];
I2 = 8.1%). Because only three RCTs and cohort studies reported HCC
mortality, subgroup, sensitivity, publication bias analyses were not
conducted.

3.3.2. Survival rates

As shown in Supplementary Table 2, four RCTs and 47 cohort studies
were included to assess overall survival in patients with screen-detected
HCC versus those with HCC presenting symptomatically or who were di-
agnosed incidentally instead of being detected through screening. Most
included studies have reported 1-, 3-, and 5-year survival rates, so these
survival rates were used for the analysis.

As shown in Fig. 3, head-to-head meta-analyses of three RCTs (451
vs. 228 HCC patients) and 22 cohort studies (2714 vs. 3753 HCC pa-
tients) provided pooled 1-year survival rates in screen-detected HCC that
were higher than those in the non-screening group, with the pooled RR
being 1.72 (95% CI, 1.13-2.61; I?> = 72.5%) and 1.47 (95% CI, 1.35-
1.59; I? = 58.9%), respectively. In addition, subgroup analysis showed
that the pooled 1-year survival rates differed according to screening in-
tervals, adjusted for lead-time bias and study period. No significant dif-
ferences were observed in the other subgroups, and the details are shown
in Supplementary Table 6.

As shown in Fig. 4, head-to-head meta-analyses of three RCTs (435
vs. 218 HCC patients) and 26 cohort studies (5499 vs. 6064 HCC
patients) suggested that the pooled 3-year survival rates for screen-
detected HCC were higher than those in the non-screening group, with
the pooled RR being 2.86 (95% CI, 1.78-4.58; I> = 10.1%) and 1.58
(95% CI, 1.42-1.76; I> = 68.9%), respectively. In addition, subgroup
analysis showed that pooled 3-year survival rates differed after adjust-
ing for lead-time bias and mean age No significant differences were ob-
served in the other subgroups, and the details are shown in Supplemen-
tary Table 7.

As shown in Fig. 5, head-to-head meta-analyses of three RCTs (435
vs. 218 HCC patients) and 12 cohort studies (2886 vs. 3050 HCC
patients) suggested that the pooled 5-year survival rates for screen-
detected HCC were higher than those in the non-screening group, with
the pooled RR being 2.76 (95% CI, 1.37-5.54; I> = 28.3%) and 1.62
(95% CI, 1.47-1.79; I? = 14.0%), respectively. No significant differences
were observed in the subgroups, and the details are shown in Supple-
mentary Table 8.
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Records identified through
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Additional records identified
through other sources (n = 40)

l

Screening

Records excluded through
title and abstracts
excluded (n = 6,769)
With reasons:

(D Non-screening
population (n = 4,298)
Non-original articles
(n =896)
Non-outcomes of
interests (n = 1,007)
Duplicate publications
(n =556)
Non-outcome data (n
=12)

® ® ®

Total from database and manual

searches (n = 7,846)

A4

A\ 4

Duplicates removed
(n=648)

Records after duplicates

removed (n =7,198)

v

Records screened (n = 429)

A4

\4

Eligibility

Included

Full-text articles assessed for

eligibility (n = 70)

Studies included in qualitative

synthesis (n = 70)

l

Full-text excluded

(n =359)

With reasons:

(D) Non-screening
population (n = 38)

(2 Non-original articles

(n =60)

Non-outcomes of

interests (n = 106)

Duplicate publications

(n=53)

Non-outcome data (n

=87)

Comparing different

screening

intervals/modalities (n

=15)

® @ ® @

Studies included in quantitative synthesis (n = 70)
(D Screening vs non-screening (RCTs: 4, cohort studies: 63)
(2) Reported the harms of HCC screening (case series: 3)

Fig. 1. PRISMA flowchart of included studies. RCT, randomized controlled trial.

Study ID RR (95% Cl) Screen events Non-screen events Weight (%)
Cohort Study
Chen et al.2002.7y e 0.55 (0.30, 0.98) 68/4385 13/458 38.97
Yeh et al.2014.2y 0.18 (0.04, 0.80) 3/8962 4/2152 6.59
Bui et al.2019.5y —_— 0.59 (0.36, 0.95) 28/3376 39/2755 54.44
Overall (I-squared = 8.1%, p = 0.337) O 0.53(0.36, 0.78) 99/16723 56/5365 100.00
RCT
Chen et al.2003.5y ] 0.80 (0.64, 0.99) 198/3712 125/1869 35.89
Zhang et al.2004.5y 0.60 (0.52, 0.68) 322/9373 544/9443 41.92
Ji et al2018.4y —_— 0.95 (0.63, 1.43) 30/17966 89/50544 22.19
Overall (I-squared = 75.1%, p = 0.018) <> 0.73(0.56,0.96)  550/31051 758/61856 100.00
NOTE: Weights are from random effects analysis
T T
.0403 1 24.8

Fig. 2. Comparison of hepatocellular carcinoma mortality between the screening group and the non-screening. CI, confidence interval; RCT, random clinical trail;

RR, risk ratio; Y, years.
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Study ID

Cohort study

Davila et al.2007.5y
Demma et al.2016.3y.A
El-Serag et al.2011.5y
Gaba et al.2013.4y
Gellert et al.2007.10y
Kemp et al.2005.12y
Noda et al.2010.6y

Poh et al.2015.2y
Taura et al.2005.1y
Thein et al.2015.10y
Tong et al.2017 .6y
Tong et al.2010.6y
Trevisani et al.2007.6y
Van Meer et al.2015.5y
Van et al.2005.1y
Wong et al.2008.2y
Wong et al.2000.5y
Youk et al.2003.6y
Chen et al.2017.8y
Dixon et al.2018.3y
Chinnaratha et al.2019.3y
Overall (I-squared = 58.9%, p <<0.001)

RCT

Chen et al.2003.5y

Zhang et al.2004.5y

Lu et al.2001.5y

Singal et al.2021.2y

Overall (I-squared = 72.5%, p = 0.012)

NOTE: Weights are from random effects analysis

Events, Events,
RR (95% CI) Screen No screen Weight (%)
1.59 (1.04, 2.41) 21/44 34/113 275
2.06 (1.39, 3.05) 55/108 24/97 3.00
1.58 (1.32, 1.88) 292/580 106/332 6.85
1.29 (0.93, 1.81) 52/97 29/70 3.72
2.35(1.39, 3.97) 13/27 25/122 1.93
1.61(1.23,2.10) 36/41 30/55 4.84
1.44 (1.04, 2.01) 92/124 19/37 3.78
1.47 (0.93, 2.33) 13/24 32/87 2.38
2.25(1.48,3.41) 86/178 20/93 276
1.21(1.08, 1.35) 199/302 295/540 8.51
1.35(1.17, 1.56) 142/175 95/158 765
1.20 (1.00, 1.44) 24/26 40/52 6.63
1.33 (1.13, 1.56) 142/252 151/356 7.21
1.23 (1.12,1.37) 200/295 428/779 8.77
2.19 (1.42,3.39) 27147 22/84 2.59
1.87 (1.52,2.31) 52/79 138/393 6.08
1.45 (0.81, 2.59) 11116 919 1.65
1.27 (1.10, 1.46) 55/64 124/183 777
1.59 (1.25, 2.01) 144/186 40/82 5.48
1.67 (1.14,2.44) 17/125 31/76 3.13
1.44 (0.93, 2.24) 18/24 13/25 253
1.47 (1.35, 1.59) 1691/2714  1705/3753 100.00
2.52(1.38,4.62) 61/257 11117 20.28
2.11(1.44,3.11) 57/86 21/67 27.06
1.65 (1.05, 2.60) 58/92 13/34 2481
1.09 (0.76, 1.57) 14/16 8/10 27.84
1.72 (1.13,2.61) 190/451 53/228 100.00

I
217

4.62

Fig. 3. Comparison of 1-year survival rates between the screening group and the non-screening. CI, confidence interval; RCT, random clinical trail; RR, risk ratio;

Y, years.
Events, Events,
Study ID RR (95% CI) Screen No screen Weight (%)
Cohort study
Ando et al.2006.5y —— 1.64 (1.34, 2.00) 243/392 69/182 6.11
Chen et al.2002.7y e 1.73 (1.39, 2.16) 272/1877 82/458 5.86
Costentin et al.2016.4y.A —r—— 1.15 (0.86, 1.54) 40/74 53/113 4.96
Davila et al.2007.5y —_——— 1.56 (0.89, 2.75) 14/44 23/113 2.40
El-Serag et a/.2011.5y —— 1.44 (1.07, 1.93) 128/580 51/332 4.86
Gaba et a/.2013.4y - 1.44 (0.52, 4.04) 10/97 5/70 0.92
Kemp et al.2005.12y —_— 2.15 (1.09, 4.23) 16/41 10/55 1.84
Kuo et al.2010.3y - 1.40 (1.29, 1.53) 232/318 581/1118 7.46
Leykum et a1.2007.6y <> 3.00 (1.17, 7.67) 6/16 7/56 1.09
Noda et al.2010.6y —— 2.09 (1.33, 3.28) 91/124 13/37 3.22
Sarkar et al.2012.11y —_— 2.35 (1.14, 4.86) 8/14 9/37 1.65
Silveira et al.2008.7y e ——— 1.88 (0.82, 4.31) 1017 5/16 1.34
Stravitz et a/.2008.8y —— 2.15(1.39, 3.32) 69/172 20/107 3.35
Tanaka et al.2006.12y T 1.31 (1.11, 1.56) 122/182 103/202 6.54
Thein et al.2015.10y —— 1.38 (1.14, 1.66) 124/302 161/540 6.30
Tong et al.2017.5y — 2.12 (1,57, 2.87) 94/175 40/158 479
Tong et al.2010.6y —— 1.68 (1.05, 2.69) 16/26 19/52 3.07
Toyoda et al.2006.5y - 1.89 (1.63, 2.18) 536/1050 160/591 6.84
Trevisani et al.2007.6y ——— 1.61 (1.14, 2.26) 58/252 51/356 4.32
Van Meer et al.2015.5y _ 1.63 (1.29, 1.81) 131/295 226/779 6.55
Wong L et al.2000.5y > 1.19(0.08, 17.51) 116 179 0.15
Yang JD et a/.2011.3y —— 1.00 (0.86, 1.16) 88/136 199/307 6.79
Youk et al.2003.6y ——— 1.05 (0.74, 1.48) 26/64 71/183 423
Chen et al.2017.8y i 2.49 (1.59, 3.89) 96/186 17/82 3.27
Dixon et al.2018.3y <> 3.04 (1.08, 8.58) 6/25 6/76 0.91
Chinnaratha et a/.2019.3y -0~ 2.29 (0.93, 5.62) 11724 5/25 117
Overall (I-squared = 68.9%, p <0.001) <> 1.58 (1.42, 1.76) 2448/5499 1987/6064 100.00
RCT
Chen et al.2003.5y.RCT e — —— 2.05 (1.07, 3.92) 45/257 10117 45.39
Zhang et al.2004.5y.RCT g 4.67 (1.92, 11.40) 30/86 5/67 25.82
Lu et al.2001.5y.RCT ———— 3.10 (1.34, 7.19) 42/92 5/34 28.79
Overall (l-squared = 10.1%, p = 0.329) _— 2.86 (1.78, 4.58) 117/435 20/218 100.00
NOTE: Weights are from random effects analysis
1 1

.0571

17.5

Fig. 4. Comparison of 3-year survival rates between the screening group and the non-screening. CI, confidence interval; RCT, random clinical trail; RR, risk ratio;

Y, years.
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Events, Events,

Study ID RR (95% Cl) Screen  No screen Weight (%)
Cohort study
Ando et al.2006.5y - 1.54 (1.14, 2.07) 139/392 42/182 9.47
El-Serag et al.2011.5y e 1.21(0.83, 1.75) 76/580 36/332 6.36
Gellert et al.2007.10y 2.71(0.69, 10.66) 3/27 5/122 0.52
Noda et a/.2010.6y — p— 1.90 (0.99, 3.64) 51/124 8/37 2.26
Tanaka et al.2006.12y —— 1.43 (1.11, 1.85) 84/182 65/202 12.23
Thein et al.2015.10y —_—— 1.53 (1.21, 1.94) 96/302 112/540 14.00
Tong et al.2017.5y —_— 2.71(1.76, 4.17) 66/175 22/158 4.87
Tong et al.2010.6y _— 2.50(1.12, 5.57) 10/26 8/52 1.50
Trevisani et al.2007.6y 2.21(1.20, 4.05) 25/252 16/356 2.57
Van et al.2015.5y — 1.68 (1.38, 2.05) 109/295 1711779 17.71
Chen et al.2017.8y 1.87 (1.18, 2.96) 721186 17/82 4.33
Pinero et al.2019.5y == 1.65(1.32, 1.81) 252/345 98/208 2419
Overall (I-squared = 14.0%, p = 0.308) O 1.62(1.47,1.79)  983/2886 600/3050 100.00
RCT
Chen et al.2003.5y 1.37(0.45, 4.15) 121257 41117 29.59
Zhang et al.2004.5y 4.87(1.78,13.32) 25/86 4/67 34.16
Lu et al.2001.5y ,g 2.86(1.09,7.561)  31/92 4/34 36.25
Overall (I-squared = 28.3%, p = 0.248) O 2.76 (1.37,5.54)  68/435 12/218 100.00
NOTE: Weights are from random effects analysis

I |

.0751 1

Fig. 5. Comparison of 5-year survival rates between the screening group and the non-screening. CI, confidence interval; RCT, random clinical trail; RR, risk ratio;

Y, years.

3.4. Benefits of HCC screening: proportion of early HCC

As presented in Fig. 6, four RCTs (492 vs. 322 HCC patients) and
50 cohort studies (9908 vs. 12,433 HCC patients) investigated the pro-
portion of early HCC in the screening versus the no-screening group. A
meta-analysis of the RCTs ((RR, 2.68 [95% CI, 1.77-4.06]; I? = 50.4%)
and cohort studies ((RR, 2.16 [95% CI, 2.00-2.34]; I> = 81.9%) indi-
cated that patients who underwent screening were significantly more
likely to have their HCC found in an early stage. The results of subgroup
analysis suggest that mean age of HCC may affect the association. No
significant differences were observed in the other subgroups, and the
details are shown in Supplementary Table 9.

3.5. Harms of HCC screening: proportion of physiological harm

No previous studies have reported or quantified the proportion of
psychological harm caused by HCC screening. Three case series stud-
ies?3.70:94 and one cohort study®® reported the proportion of physio-
logical harm. The cohort study compared the benefits outcomes of the
screening versus the non-screening group and reported the proportion of
physiological harm in the screening group. Therefore, four studies eval-
uated the physiological harm caused by HCC screening in 2578 cirrhosis
studies where participants underwent at least one AFP or US screening.
After 2 or 3 years of follow-up, the proportion of physiological harm in
the screening population was calculated.

The results of meta-analysis are shown in Fig. 7. The pooled pro-
portion of physiological harm was 16.30% (95% CI, 8.92%-23.67%).
However, there was significant heterogeneity among the included stud-
ies (I = 95.7%, P < 0.01). Because only study location and years of
follow-up differed among the included studies, we conducted subgroup
analyses based on study location and years of follow-up as grouping fac-
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tors. The heterogeneity was slightly reduced by the subgroup analysis
using years of follow-up while using location of study did not change.
This suggests that years of follow-up may influence the proportion of
physiological harm.

In addition, three of four included studies classified the sever-
ity of physiological harm, so we also pooled the proportion of mild
(10.88% [95% CI, 5.80%-15.95%]), moderate (6.32% [95% CI, 0.82%—
11.83%]), and severe physiological harm (0.31% [95% CI, 0.08%—
0.54%]) based on those three studies (Fig. 8).

3.6. Sensitivity analyses

As shown in Supplementary Table 10, no significant change was seen
in the results before and after the exclusion of studies with high risk of
bias.

3.7. Publication bias

As shown in Supplementary Fig. 1-4, the funnel plot analysis of pub-
lication bias suggests that there was potential publication bias in 1-year
survival rates and proportion of early HCC. No significant publication
bias was observed in 3- and 5-year survival rates.

3.8. Quality of evidence

As shown in Supplementary Table 11, the quality of evidence was
very low for each benefit outcome according to GRADE guidelines.
GRADE is only used to rate the quality of pooled evidence from com-
parative studies such as RCTs and cohort studies, while the proportion
of physiological harm was provided by non-comparative studies. There-
fore, the proportion was not evaluated using GRADE. However, there is
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Events, Events,
Study ID RR (95% ClI) Screen No screen Weight (%)
Cohort stud
Ando et al. 20 5 s 283 (2.19, 3.64) 286/392 471182 227
Caumes et al.2 )9 g 4.22 (168, 10.59) 10130 676 0.58
Cﬁalteeraku et al 201 1y —— 2.38 (2.00, 2.84) 83/103 116/343 2.59
Cheun, — — 221 (1.49, 3.28) 46/97 271126 1.69
Chin e?al 20 -_— 1.32 (1.08, 1.62) 48/54 39/58 248
El-Zayadi et al. 2CY1 0 5y —— 2.50 (1.67, 3.76) 31122 48/473 1,65
Farrel et al 2015 —— 2.99 (2.13, 4.20) 19/31 82/400 1.90
Gaba et al.2013.4) x — — 238 (1.69, 3.33) 79/97 24770 191
Garcia ef al.1995. --- 5.10 (1.45, 17.98) 8/34 3/65 0.34
Gellert et al.2007. 16y — — 2.26 (1.30, 3.93) 12127 24/122 1.19
Jeffrey et 12015 2y - 1.48 (1.30, 1.68) 116/126 101/162 276
ou et al.2010 (‘,{ —— 1.37 (1.09, 1.72) 57/98 94/221 2.38
halaf et al. 201 Ay ——— 1.81 (1.25, 2.62) 38/145 54/373 1.79
(uo etal.2010 al - 2.56 (2.27, 2.90) 218/318 29911118 2.78
Leykum et al.2007.6y ——— 2.92 (1.56, 5.47) 10/16 12/56 1.01
artanez ef al.1993.1y —_—— 3.06 (1.71, 5.45) 20/43 14192 1.13
| ueI et al 2012.7y ——— 1.48 (1.07, 2.05) 40/56 26/54 1.98
al.2016.2y.A — — 2.22 (1.48, 3.32) 71/94 17/50 1.66
mal et aI 2016.5y —p—— 2.35 (1.75, 3.15) 112/412 551475 2.09
Noda ef al.2010. 6 — — 2.95 (1.73, 5.05) 99/124 1037 1.24
Nusbaum et al. 20¥5 2y - 1.48 (1.30, 1.68) 116/126 101/162 276
Pascual et al. 2008 10y —— 1.62 (1.27, 2.07) 701117 64/173 231
Rich et al.2017 - 2.52 (2.15, 2.94) 238/359 151/573 267
Rodraguez et al !011 2y —— 2.29 (1.50, 3.50) 63/86 16/50 1.59
arkar ef a/.2012.11y — e 3.30 (1.65, 6.63) 1014 8/37 0.88
ingal ef al.2017. 1g —— 1.73 (1.40, 2.14) 99/157 791217 244
travitz ef al.2008.8y —— 2.60 (1.86, 3.63) 1171172 28/107 1.93
troffolini ef al.2011.1y —r— 1.37 (1.16, 1.62) 188/257 82/154 263
anaka et al.2006.12y - 1.71 (1.48, 1.99) 156/182 101/202 269
Tanaka et al.1990.1y — — 2.78 (1.68, 4.61) 14/22 19/83 1.32
Tong et al.2017.5y —— 2.42 (1.90, 3.09) 134/175 50/158 2.31
ong et al.2010. — — 3.20 (1.70, 6.04) 16/26 10/52 1.00
Toyoda et al.201t¥10y &> 1.70 (1.61, 1.81) 1570/2108 783/1791 294
Toyoda et al.2006.5y —— 2.88 (2.43, 3.41) 609/1050 119/591 262
révisani et al.2004.3y —— 1.80 (1.42, 2.26) 111/158 54/138 2.36
revisani ef al.2007.6y —— 2.33 (1.89, 2.87) 145/252 88/356 245
Van et al.2015. 5y -_—— 2.88 (2.45, 3.40) 179/295 164/779 264
Van et al.2005.1y. — — 1.92 (1.29, 2.86) 28/47 26/84 1.68
Wong et al.2000.5y —— 2.04 (1.06, 3.91) 12/16 719 0.96
Yang et al.2011 '3é — — 2.92 (2.24, 3.81) 79/136 61/307 222
Yerokun et al.2016.1y.A —_—— 1.76 (1.42, 2.17) 101/160 79/220 244
Youk et al.2003.6y — — 2.20 (1.63, 2.96) 40/64 52/183 2.08
Yu et al.2004.4; - 2.00 (1.72, 2.32) 127/164 157/405 270
Zapata et al.2010.2y ——— 2.63 (1.55, 4.44) 28/40 12/45 1.27
Dixon et al.2018.3y’ —p————— 2.25 (1.46, 3.47) 17125 2376 1.55
m et al. 2019 4 _—— 2.07 (1.73, 2.47) 102/117 81/192 2.58
Kim et al.2( - 2.35 (2.01, 2.76) 529/834 125/464 2,66
mhhnkhet ali{)15 5y —p— 3.08 (2.31, 4.09) 81/102 40/155 214
Piero ef al.2 5 —_—— 2.26 (1.84, 2.77) 255/345 68/208 248
C1|nnaratha et al 019.3y — 2.47 (153, 4.00) 14/24 25/106 1.40
Smgal e&_ 2y ———— 1.38 (0.68, 2.78) 1116 5110 0.87
squaled = 81.6%, p<<0.001) <O 2.15 (1.99, 2.33) 6662/10065 3776/12650 100.00
RCT
Chen et al.2003.5 ————e 4.94 (2.35, 10.39) 761257 7117 19.24
Zhang et al.2004.5y —— 3.12 (1.86, 5.23) 52/86 13/67 28.21
Lu et'al.2001 .5y — 2.31 (1.45, 3.68) 75192 12/34 30.77
Ji et al.2018.4y —— — 1.58 (0.81, 3.09) 13/57 15/104 2178
Subtotal (I-squared = 50.4%, p = 0.109) — 268 (1.77, 4.06) 2161492 471322 100.00
NOTE: Weights are from random effects analysis
T T

0556 1

Fig. 6. Comparison of proportion of early hepatocellular carcinoma between the screening group and the non-screening. CI, confidence interval; RCT, random

clinical trail; RR, risk ratio; Y, years.

Study ID Events  Total Proportion (95%Cl) Weight(%)
3 years of follow-up
Atiq et al. 2017.3y 187 680 i ———— 27.50(23.56, 31.44) 24.48
1
! <> 27.50(23.56, 31.44) 24.48
\
|
1
2 years of follow-up !
Singal et al.2021.2y 54 614 — ' 8.79 (6.45, 11.14) 25.64
Konerman et al.2019.2y 169 999 —— 16.92 (14.37, 19.47) 25.52
Frey et al.2015.2y 35 285 —_— 12.28 (8.21, 16.35) 24.37
Subgroup, DL (12=90.5%, p < 0.001) e 12.66 (7.25, 18.07) 75.52
.
|
Heterogeneity between groups: p = 0.000 '
Overall, DL (12=95.7%, p < 0.001) <> 16.30 (8.92, 23.67) 100.00
T T

-20%

0 20%

Fig. 7. Pooled proportion of physiological harm. CI, confidence interval; DL, discrete logarithm; RCT, random clinical trail; USA, the United States of America; Y,

years.

a great heterogeneity in pooled proportion of physiological harm. There-
fore it is necessary to be cautious in quoting it.

4. Discussion
4.1. Benefits of HCC screening versus non-screening

In this meta-analysis, evidence from RCTs indicated that HCC screen-
ing reduced HCC mortality by 47%, prolonged overall survival regard-
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less of length of follow-up, and increased the proportion of early HCC.
Similarly, meta-analyses of cohort studies have indicated that HCC
screening is more effective than non-screening. The strength of evidence
of all outcomes was very low. Subgroup analysis indicated that the ben-
efits of screening may differ according to screening intervals, adjusting
for lead time bias, location of study, and mean age.

One meta-analysis, published by Singal et al. in 2014, conducted a
systematic review to quantitatively evaluate the benefits of HCC screen-
ing.'” It included 47 observational studies that compared the proportion
of early HCC (odds ratio [OR], 2.08 [95% CI, 1.80-2.52]) and 3-year
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Study ID Events Total Proportion % (95%CI) Weight (%)
Mild
Atiq et al. 2017.3y 118 680 . ——— 17.35(14.22,20.48) 31.68
Singal et al.2021.2y 44 614 —=— | 7.33(5.19,9.47) 33.85
Konerman et al.2019.2y 84 999 — 8.41 (6.61, 10.21) 34.47
Group, DL (12 = 93.2%, p <0.001) O 10.88 (5.80, 15.95) 100.00
Moderate
Atiq et al. 2017.3y 66 680 , —&— 9.71 (7.36, 12.05) 32.49
Singal et al.2021.2y 9 614 - i 1.47 (0.51, 2.42) 34.16
Konerman et al.2019.2y 80 999 —— 8.01 (6.25, 9.76) 33.35
Group, DL (12=97.1%, p < 0.001) ‘0 6.32(0.82, 11.83) 100.00
Severe
Atiq et al. 2017.3y 3 680 i 0.44 (-0.06, 0.94) 21.09
Singal et al.2021.2y 1 614 » 0.16 (-0.16, 0.48) 51.59
Konerman et al.2019.2y 5 999 g 0.50 (0.06, 0.94) 27.32
Group, DL (12=0.0%, p = 0.406) o 0.31(0.08, 0.54) 100.00
T T
-20% 0 20%

Fig. 8. Pooled proportion of different levels of physiological harm. CI, confidence interval; DL, discrete logarithm.

survival rate ((OR, 1.90 [95% CI, 1.67-2.77]) between HCC screening
and no screening groups in cirrhosis patients. In addition, another meta-
analysis published by Singal et al. in 20222! was an update of the meta-
analysis published in 2014, which evaluated the benefits and harms of
HCC screening in patients with cirrhosis from cohort studies. In terms
of benefit outcomes, it reported similar results as the meta-analysis in
2014. The results of our meta-analysis are similar to the main results of
those two previous meta-analyses. However, the previous studies only
evaluated the benefits of HCC screening in patients with cirrhosis. Our
meta-analysis included 67 studies, including four RCTs and 63 cohort
studies. Our study also evaluated the screening benefits for all high-risk
populations (those with HBV, HCV, cirrhosis, and/or another chronic
liver disease). In addition, we pooled HCC mortality.

The personal and public health consequences of HCC are enormous,
and even a small benefit from screening could save many lives. The gen-
eral goal of cancer screening is to decrease cancer mortality or increase
survival in cancer patients by focusing on detecting cancer patients as
early as possible.® Prognosis for HCC patients depends on tumor stage,
with curative therapies only available for patients detected at an early
stage. Patients detected at an early stage can achieve higher 5-year sur-
vival rates with transplant or resection, whereas those with advanced
HCC are only eligible for palliative treatments and have a median sur-
vival of less than 1 year.'?® Our findings suggest that HCC screening
can reduce HCC mortality and prolong overall survival, which increases
the proportion of early HCC.

In practice, the 6-month screening interval is recommended by
guidelines.®® Our subgroup analysis supports this recommendation,
suggesting that this recommendation should be followed to realize the
benefits of screening. Our subgroup analyses also suggest that lead-time
bias may exaggerate the benefits of screening. Therefore, tumor volume
doubling time (TVDT) can be used to adjust the lead-time bias to the
real benefits of HCC screening.”® We also found substantial differences
according to study location. This may be related to the differences in
characteristics of screening population, medical level and cancer screen-
ing rate in different countries. Age of patients also affects the benefits of
HCC screening. Incidences of HCC and age are directly correlated until
approximately 75 years of age in most populations.? The incidence of
disease is closely related to the benefits of screening.

4.2. Harms of HCC screening

Three case series studies and one cohort study reported the propor-
tion of physiological harm. The meta-analysis indicated that the pooled
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proportion of physiological harm was 16.3%, and most harms were of a
mild to moderate severity, with few patients experiencing severe harm.
The results of subgroup analysis showed different proportions of physi-
ological harm in the 2- and 3-year follow-up subgroups. The results sug-
gest that the proportion of physiological harm increased with an exten-
sion of follow-up years. Although an increase in the number of follow-up
years can increase the proportion of early HCC, the resulting proportion
of physiological harm should not be ignored.

At present, only one meta-analysis, published by Singal et al. in
2022,%! has summarized the evidence on HCC screening-related harms.
However, it only describes proportions of screening-related physiologi-
cal harm reported by current articles. In addition, high-quality system-
atic reviews performed by the USPSTF on breast cancer, cervical can-
cer, colorectal cancer, lung cancer, and others have shown that can-
cer screening causes psychological harms such as psychological anxi-
ety.!*16 However, there were no studies have reported or quantified the
psychological harms caused by HCC screening. Only three studies have
reported the proportion of physiological harm. Screen-relevant physio-
logical harm can include direct complications of screening tests and sub-
sequent diagnostic testing, whether invasive or noninvasive.®” Although
most common screening modalities (e.g., US and AFP) cause minimal di-
rect physiological harm, they can lead to high rates of diagnostic imag-
ing for false-positive or indeterminate lesions. Imaging modalities such
as CT and MRI are associated with contrast injury, radiation exposure,
and high cost. Liver biopsy may be required for liver lesions not de-
tected by CT or MRI and can be associated with bleeding, tumor seeding,
and/or injury to nearby organs.’®:°° A review indicated that screening
in patients with liver function child Pugh C who are not transplant can-
didates may cause over diagnosis.”” The evidence of harms from HCC
screening is insufficient.

4.3. Strengths and limitations

A major strength of our study is that we comprehensively evaluated
the benefits and harms of HCC screening in all high-risk populations by
including both RCTs and observational studies. We also used the GRADE
approach to assess the quality of evidence.

Some limitations to our systematic review should be acknowledged.
First, most evidence came from retrospective studies in which all pa-
tients with diagnosed HCC were first identified and then the screen-
ing status was determined. These studies tended to suffer selection bias,
lead-time bias, and length bias. Second, the evidence on harms in HCC
screening is insufficient, with only four studies available. Finally, other
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factors including US operator experience and technique, patient body
habitus, and liver nodularity may have led to heterogeneity between
studies, which we were unable to explore given the lack of data.

In conclusion, the currently available, very low-quality evidence
shows that the benefits of HCC screening are better than non-screening.
Current evidence of the harms of HCC screening is insufficient. High-
quality trials that examine the balance of benefits and harms of HCC
screening in populations with chronic liver disease and other high-risk
population should be considered in the future.
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