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BACKGROUND AND AIMS: Hepatocellular

(HCC) surveillance is associated with early tumor detection

carcinoma

and improved survival; however, it is often underused in clini-
cal practice. We aimed to characterize surveillance use among
patients with cirrhosis and the efficacy of interventions to

increase surveillance.

APPROACH AND RESULTS: We performed a systematic
literature review using the MEDLINE database from January
2010 through August 2018 to identify cohort studies evalu-
ating HCC surveillance receipt or interventions to increase
surveillance in patients with cirrhosis. A pooled estimate for
surveillance receipt with 95% confidence intervals was calcu-
lated. Correlates of surveillance use were defined from each
study and prespecified subgroup analyses. Twenty-nine studies,
with a total of 118,799 patients, met inclusion criteria, with a
pooled estimate for surveillance use of 24.0% (95% confidence
interval, 18.4-30.1). In subgroup analyses, the highest surveil-
lance receipt was reported in studies with patients enrolled
from subspecialty gastroenterology/hepatology clinics and low-
est in studies characterizing surveillance in population-based
cohorts (73.7% versus 8.8%, P < 0.001). Commonly reported
correlates of surveillance included higher receipt among pa-
tients followed by subspecialists and lower receipt among
those with alcohol-associated or nonalcoholic steatohepati-
tis (NASH)-related cirrhosis. All eight studies (n = 5,229)

evaluating interventions including patient/provider education,

. Jorge A. Marrero,' Neehar D. Parikh

,>and Amit G. Singal'

inreach (e.g., reminder and recall systems), and population
health outreach strategies reported significant increases (range
9.4%-63.6%) in surveillance receipt.

CONCLUSIONS: HCC surveillance remains underused in
clinical practice, particularly among patients with alcohol-
associated or NASH-related cirrhosis and those not followed
in subspecialty gastroenterology clinics. Interventions such as
provider education, inreach including reminder systems, and
population health outreach efforts can significantly increase

HCC surveillance. (HepaToLoGcy 2021;73:713-725).

epatocellular carcinoma (HCC) is the fourth

leading cause of cancer-related death world-

wide and one of the fastest increasing causes
of cancer-related mortality in the United States.™
Patients with cirrhosis are the primary at-risk cohort
for HCC in the Western world, with an annual inci-
dence of 2%-4%; and HCC is a leading cause of
death in patients with compensated cirrhosis.®* The
primary driver of prognosis in patients with HCC
is tumor stage at diagnosis, with curative options
affording 5-year survival exceeding 70% if patients
are detected at an early stage. Despite improvements
over time, most patients with HCC continue to be

Abbreviations: AASLD, American Association for the Study of Liver Diseases; AFB, alpha~fetoprotein; EASL, European Association for the Study
of the Liver; EMR, electronic medical record; HCC, hepatocellular carcinoma; NASH, nonalcoholic steatohepatitis.
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detected beyond an early stage and are therefore only
eligible for palliative therapies.(3)

Professional societies including the American
Association for the Study of Liver Diseases (AASLD)
and the European Association for the Study of the
Liver (EASL) recommend HCC surveillance in
patients with cirrhosis to promote early HCC detec-
tion and curative treatment receipt.>® Several cohort
studies have demonstrated an association between
receipt of HCC surveillance and improved survival,
even after adjusting for lead time and length time
biases."”) However, the effectiveness of HCC surveil-
lance at reducing mortality in clinical practice relies
on test effectiveness and surveillance use. Current
surveillance tools, ultrasound and alpha-fetoprotein
(AFP), have a sensitivity of only ~63% for early HCC
detection, with additional imaging and blood-based
tests potentially years away from implementation in
clinical practice. These data highlight the need for
optimizing HCC surveillance use.

Implementation of HCC surveillance in clinical
practice can be affected by suboptimal patient and
provider adherence with surveillance recommenda-
tions. Prior studies have suggested that many primary
care providers have suboptimal knowledge about the
benefits of HCC surveillance, which can lead to pro-
viders not ordering surveillance in at-risk patients.®”
Patients also report barriers to surveillance completion,
such as difficulty with the scheduling process, costs of
surveillance testing, and concerns about transporta-
tion.1%) Accordingly, prior studies have demonstrated
that only a minority of patients with cirrhosis undergo
HCC surveillance, with even lower rates when consid-
ering consistent surveillance every 6 months. Studies
have also suggested racial/ethnic and socioeconomic
disparities, with lower surveillance rates among
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racial/ethnic minorities and patients of low socioeco-
nomic status.!?

Given increasing data highlighting the underuse of
surveillance in clinical practice, there is a clear need for
interventions to increase HCC surveillance. Interventions
have included those at the system level (e.g., mailed out-
reach), provider level (e.g., a best practice advisory), and
patient level (e.g., patient navigation); however, no study
has summarized this literature to inform which inter-
ventions may be most effective.121%)

The aims of our study were to (1) quantify use of
HCC surveillance among patients with cirrhosis, (2)
examine sociodemographic correlates of HCC sur-
veillance, and (3) summarize the efficacy of interven-
tion efforts to increase HCC surveillance receipt.

Materials and Methods
LITERATURE SEARCH

We conducted a computer-assisted search with
the Ovid interface to Medline to identify relevant
published articles. We searched the Medline data-
base from January 1, 2010, through August 7, 2018,
with the following keyword combinations: [screen$
or surveillance or detect$ or diagnosis] AND [liver
ca$ or hepatocellular ca$ or hee or hepatoma]. Given
our focus on current use of surveillance within the
United States, our search updated a prior systematic
review and was limited to human studies published in
English after 2010.%” Abstracts from the Digestive
Disease Week, AASLD, and EASL conferences from
2017 and 2018 were manually searched for relevant
studies. We performed manual searches of references
from relevant articles to identify studies that were
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missed by our computer-assisted search. Finally, we
consulted expert hepatologists to identify additional
references or unpublished data.

One investigator (E.W.) reviewed all publi-
cation titles of citations identified by the search
strategy. Potentially relevant studies were retrieved,
and selection criteria were applied. The articles
were independently checked for inclusion, and any
uncertainties were resolved through discussion with
another author (A.S.). Inclusion criteria included
(1) cohort studies that described receipt of HCC
surveillance in patients with cirrhosis and (2) stud-
ies published after 2010 so as to be representative of
current delivery of care. We excluded studies which
characterized receipt of one-time screening and sur-
vey studies describing self-reported surveillance use,
given a bias to overestimating surveillance receipt.
Additional exclusion criteria included non-English
language, nonhuman data, and lack of original data.
If publications used the same patient cohort, data
from the most recent article were included. The
study was conducted in accordance with PRISMA

guidelines.

DATA EXTRACTION

We independently extracted the required infor-
mation from eligible studies using standardized
torms. We collected data regarding the study period,
population of interest (patients with cirrhosis ver-
sus patients with HCC), surveillance definition and
interval, and duration of follow-up. Data were col-
lected on potential correlates of surveillance receipt
including patient age, gender, race/ethnicity, socio-
economic status, and receipt of hepatology care.
For the subset of studies assessing interventions to
increase surveillance receipt, we recorded a descrip-
tion of the intervention and surveillance receipt in
the intervention and control groups. Finally, data
were collected on study design, geographic loca-
tion and date of the study, and number of patients
in each study. We assessed the risk of bias for each
study using a modified Newcastle-Ottawa scale,
which assesses selection of the patient cohort, com-
parability of study groups, and adequacy of assess-
ing the outcome of interest. Specifically, we assessed
(1) selection of patients (population-based versus
recruited from academic centers), (2) exclusion of
patients for whom surveillance is not recommended
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(e.g., Child C cirrhosis), (3) methods for ascer-
tainment of surveillance receipt, (4) inclusion of
cross-sectional imaging toward satisfying need for
surveillance imaging, (5) length of follow-up, and
(6) reporting of loss to follow-up or death.

STATISTICAL ANALYSIS

Our primary study outcome was HCC surveil-
lance rates among patients with cirrhosis. Surveillance
receipt was defined as the proportion of patients who
underwent evaluation with repeated imaging and/or
AFP prior to HCC diagnosis. The proportion of
patients who received surveillance was derived for each
study, and 95% confidence intervals were calculated
using the adjusted Wald method. A weighed pooled
estimate of surveillance rates was computed by mul-
tiplying the surveillance rate point estimate for each
study by the proportion of individuals with cirrhosis
in that study relative to the number of individuals in
all included studies. Subset analyses were planned for
the following predefined subsets of studies: (1) study
location, (2) at-risk population, (3) definition of sur-
veillance, (4) duration of follow-up, and (5) clinical
setting including access to subspecialty care. All data

analysis was performed using Stata 11 (StataCorp,
College Station, TX).

Results

STUDY SELECTION
The computer-assisted search yielded 12,728

potentially relevant articles. After initial review,
855 titles were potentially appropriate, and these
abstracts were reviewed. Among 69 publications
that underwent full-text review, the most common
reasons for exclusion were evaluation of one-time
screening, duplicate patient cohorts, and nonorigi-
nal data. The remaining 24 studies met all inclusion
criteria (Supporting Fig. S1). Recursive literature
searches identified one additional article and four
conference abstracts that met inclusion criteria, pro-
ducing a total of 29 studies (n = 118,799 patients)

for inclusion in this meta-analysis (Table 1).(11,21-48)

We also identified eight studies (n = 5229) evalu-
ating interventions to increase HCC surveillance

(Table 2).1219
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TABLE 2. Implemented Interventions and Subsequent Outcomes

Relative
Difference (%)

Absolute
Difference (%)

Postintervention,

Preintervention,

n (%)

Outcome n (%)

Study Setting Study Period Intervention

Reference

253

331/355 (93.2) 18.8

119/160" (74.4)

One-time abdominal imaging

2008-2011 Nurse-based protocol

University of Michigan, USA
Flinders Medical Center,

12*
13

63.6

14/22 (63.6)

0/22 (0)

Semiannual US and AFP for 2

PCP and patient educa-

2007-2009

years
>2 abdominal imagings within

tion, system redesign’

EMR reminder

Australia
Northwest Veterans Affairs,

218/790 (27.6) 9.4

103/564 (18.2)

2011-2012

18 months
HCC diagnosed by surveillance

Semi-annual surveillance

USA
120 PCPs, ltaly

20.5 58.9

105/190 (55.3)

85/244 (34.8)

PCP education

1994-2013
2010-2015

15

40/76 (52.6)

Nurse-led clinic

Royal Perth Hospital,

Australia
Royal Liverpool Hospital, UK

368/804 (45.8)

Semiannual US

Radiology-led recall

2009-2013

18

258.3

183/224 (81.7) 58.9

51/224 (22.8)

3 abdominal imagings in

NR EMR identification and

KP Northern California, USA

2 years
Semiannual US over 18 months

physician extender

Mailed outreach

13.3 182.2

247/1,200 (20.6)

44/600 (7.3)

2014-2017

Parkland, Dallas, TX

19

* Sin.
;

gal™® provides the comparison cohort for the intervention.
System redesign, creation of hepatitis nurse for coordinating surveillance and a patient database with automated recall function.

Abbreviations: NR, not reported; PCP, primary care provider; US, ultrasound.
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STUDY CHARACTERISTICS

Characteristics of included studies are detailed
in Tables 1 and 2. Most studies were conducted in
the United States (n = 18), with fewer conducted in
Europe (n = 7), Asia (n = 2), Canada (n = 1), and
South America (n = 1). The majority were cohort stud-
ies examining HCC surveillance receipt prior to HCC
diagnosis, with 13 characterizing surveillance use in
patients with cirrhosis. Nearly half of studies evaluated
surveillance receipt in academic centers, whereas others
were conducted in community practices, the Veterans
Aftairs system, or using large administrative data sets.
Although many early studies used operational defini-
tions for surveillance receipt (e.g., annual ultrasound
completed in 2 of 3 years), most studies published after
2013 assessed semiannual surveillance consistent with

AASLD and EASL guideline recommendations.

SURVEILLANCE USE

Overall, the pooled proportion of patients who under-
went surveillance was 24.0% (95% confidence interval
18.4%-30.1%), although there was a wide range across
studies (1.1%-81.5%) (Fig. 1). In subgroup analyses,
there was no difference in surveillance receipt between
studies conducted among patients with cirrhosis and
those with HCC (21.8% versus 25.8%, P = 0.57), studies
with one-year duration and those with longer follow-up
(29.4% versus 22.0%, P = 0.38), or studies conducted
prior to and after 2014 (27.4% versus 24.0%, P = 0.29).
However, we found notable geographic variation in sur-
veillance receipt, with the lowest surveillance receipt
among studies from the United States compared to
those from Europe and Asia (17.8% versus 43.2% versus
34.6%, P < 0.001) (Supporting Fig. S2B). Similarly, sur-
veillance receipt differed by availability of subspecialty
care, with highest surveillance receipt among studies in
which patients were enrolled from subspecialty gastro-
enterology and hepatology clinics, intermediate among
studies from academic centers including both subspe-
cialty and primary care patients, and lowest among
studies reporting population-based cohorts (73.7% ver-
sus 29.5% versus 8.8%, P < 0.001) (Fig. 2).

CORRELATES OF SURVEILLANCE
USE

Table 3 describes correlates associated with HCC sur-
veillance use. Most studies did not find any significant
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Study Surveillance Receipt (95% Cl)
1
Davila 2010 * ! 9.2 (8.0-10.6)
Kuo 2010 g 22.1(20.0 -24.4)
Sanyal 2010 - 20.9 (19.1-22.8)
Davila 2011 * : 12.0 (11.3-12.7)
Patwardhan 2011 1 —_—— 51.3 (43.2-59.4)
Stroffolini 2011 ! — 49.4 (44.4 - 54.4)
Yang 2011 —(e— 22.0 (17.9 - 26.6)
Singal 2012 —— ; 6.0 (2.8-11.2)
Fenoglio 2013 —— 23.8 (18.7 - 29.5)
Palmer 2013 . 1 104 (9.5-11.2)
Singal 2013 : — 67.6 (62.9-72.2)
Hasani 2014 : —_—— 64.8 (52.5-75.8)
Edenvik 2015 - ] 8.0 (5.9-10.4)
Singal 2015 * ' 1.7 (0.9-2.8)
Thein 2015 * : 1.1(0.7-1.8)
Van Meer 2015 1 —— 37.8(34.4-41.4)
Mittal 2016 ! — 50.0 (45.8 - 54.2)
Signorelli 2016 -— : 6.3 (3.7-10.1)
Wang 2016 | —— 38.4 (30.9-46.3)
Aby 2017 —— i 6.9 (2.8-13.8)
Bucci 2017 | 50.8 (49.1-52.4)
Goldberg 2017 . ] 2.1(1.9-2.3)
Mancebo 2017 ' —o= 76.8 (73.6 - 79.7)
Nam 2017 ! —— 81.5(77.4-85.2)
Robinson 2017 | —— 35.7 (29.6 - 42.2)
Singal 2017 * ' 2.1(1.3- 3.1)
Tran 2018 -IO- 24.4 (22.7 - 26.2)
Yeo 2018 . 1 11.5 (11.2- 11.8)
I

Choi 2019 *

Overall Surveillance Receipt ¢
1
1

6.8 (6.4-7.3)
24.0 (18.4 - 30.1)

0 50%

100%

FIG. 1. Pooled surveillance use. Abbreviation: CI, confidence interval.

difference in surveillance receipt by age or sex; how-
ever, two studies reported an association between
older age with higher surveillance receipt. Similarly,
most studies did not report racial/ethnic disparities in
HCC surveillance receipt, although two large studies
found lower surveillance receipt in blacks compared to
whites.?**") Several studies noted differences by liver
disease etiology, with lower surveillance in patients
with nonalcoholic steatohepatitis (NASH) or alcohol-
associated cirrhosis than other etiologies. Surveillance
was less likely in patients with significant medical
comorbidities®**? and those with ongoing alcohol
abuse, #428:29333441:42) ik ely given perceived lower ben-
efit of HCC surveillance in these subgroups; however,
many studies found that surveillance is more likely in
patients with decompensated cirrhosis. ®#24°0 The
strongest and most consistent correlates of surveillance

718

receipt across studies were number of clinic visits and

receipt of hepatology subspecialty care.

QUALITY ASSESSMENT

The quality assessment of individual studies is
demonstrated in Table 4. Many of the studies (n = 16)
assessed surveillance receipt among patients followed
at academic centers, with only 13 using population-
based registries or cohorts from large integrated
health systems. Nearly all studies included patients in
whom HCC surveillance was not recommended, such
as those with Child-Pugh C cirrhosis or significant
medical comorbidity, which may have resulted in a
lower pooled point estimate for surveillance receipt.
Similarly, 14 studies used medical records to deter-
mine surveillance use, and 17 studies did not account
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Study Surveillance receipt (95% ClI)
Population-based studies :
Davila 2010 * I 9.2 (8.0-10.6)
Sanyal 2010 - 20.9 (19.1 - 22.8)
Davila 2011 * 1 12.0 (11.3-12.7)
Singal 2012 —— : 6.0 (2.8-11.2)
Palmer 2013 * 1 104 (9.5-11.2)
Edenvik 2015 &= ] 8.0 (5.9-10.4)
Singal 2015 & : 1.7 (0.9 - 2.8)
Thein 2015 & . 1.1(0.7-1.8)
Mittal 2016 1 — 50.0 (45.8 - 54.2)
Goldberg 2017 * I 2.1(1.9-2.3)
Singal 2017 * ; 2.1(1.9-3.1)
Yeo 2018 * 1 11.5(11.2-11.8)
Choi 2019 L 4 1 6.8 (6.4-7.3)
Pooled surveillance < : 9.8 (5.6 - 12.7)

1
Center-based studies 1
Kuo 2010 -oll 22.1(20.0 - 24.4)
Patwardhan 2011 I —_— 51.3 (43.2-59.4)
Stroffolini 2011 i —— 49.4 (44.4 - 54.4)
Yang 2011 —— 22.0 (17.9 - 26.6)
Fenoglio 2013 —— 23.8 (18.7 - 29.5)
Van Meer 2015 | —— 37.8(34.4-414)
Signorelli 2016 - 1 6.3 (3.7-10.1)
Wang 20216 : —— 38.4 (30.9 - 46.3)
Aby 2017 —— X 6.9 (2.8 - 13.8)
Bucci 2017 1 < 50.8 (49.1 - 52.4)
Robinson 2017 e 35.7 (29.6 - 42.2)
Tran 2018 + 24.4 (22.7-26.2)
Pooled surveillance o 29.5 (21.1 - 38.6)

1
Subspecialty care studies :
Singal 2013 1 —_— 67.6 (62.9-72.2)
Hasani 2014 1 —_—— 64.8 (52.5 - 75.8)
Mancebo 2017 ! - 76.8 (73.6 - 79.7)
Nam 2017 : —4— 81.5(77.4-85.2)
Pooled surveillance I <> 73.7 (66.6 - 80.3)

1

1
Overall surveillance receipt 0 24.0 (18.4.- 30.1)

:

| |
0 50% 100%

FIG. 2. Surveillance use, stratified by receipt of subspecialty care. Abbreviation: CI, confidence interval.

for nonultrasound imaging, both of which may have
resulted in ascertainment bias and an underestimation
of surveillance receipt. Finally, some studies had high
risk of bias related to short duration of follow-up,
< 1year (n = 7), or did not account for patients lost to

follow-up (n = 4).

INTERVENTIONS TO INCREASE
SURVEILLANCE USE

We identified eight studies that evaluated the effi-

cacy of interventions to increase HCC surveillance

(Table 2). In a study evaluating the efficacy of pri-
mary care provider education alone, Del Poggio and
colleagues found a significant increase in the propor-
tion of HCC detected by surveillance after the educa-
tion program in the intervention group (55.3% versus
34.8%), whereas the proportion of HCC detected
by surveillance did not significantly differ in others
(39.2% versus 25.9%)."> Five studies found sig-
nificant increases in surveillance use using inreach
efforts such as electronic medical record (EMR)
reminders or nurse-based protocols. Aberra and col-
leagues found that a nurse-based surveillance protocol
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TABLE 4. Quality Assessment of Studies

Population-Based  Exclusion Child C or Ascertainment of Accounting for Length of Accounting for
Reference Cohort Comorbidities Surveillance Receipt ~ Non-US Imaging ~ Follow-up  Loss fo Follow-up
22 High Low High Low High High
23 Low Low Low Low Low High
21 High Low High Low Low High
24 High Low High Low High High
25 Low Low Low High High High
26 Low Low High Low Low High
27 Low Low Low High Low High
28,29 High Low High Low High High
31 Low Low Low Low Low High
30 Low High High Low High High
32 High Low High High High Low
33 Low Low Low Low Low High
11 High Low High Low Low High
34 High Low High Low High Low
35 High Low High Low High High
36 Low Low Low High High High
37 Low Low Low High High High
38 Low Low Low High High High
39 Low Low Low Low High High
40 High Low High High High High
41 Low High Low High High High
42 Low Low Low High High High
43 Low Low Low Low High High
44,45 High Low High Low High High
46 Low Low Low High High High
47 High Low High High High Low
48 High Low High Low High High

increased one-time abdominal imaging, despite high
baseline surveillance use given that all patients were
tollowed by hepatology subspecialists at an academic
center (74.4% to 93.2%)."? Bui and colleagues sim-
ilarly reported that a dedicated pharmacist-led team
increased adequate HCC surveillance (three imaging
studies within 24 months) among patients with cir-
rhosis followed in a large community practice (22.8%
versus 81.7%), with the largest relative difference in
surveillance use among all studies.’” Nazareth et al.
found that a nurse-led clinic yielded semiannual ultra-
sound surveillance in 368 (52.6%) of 804 patients.(l(’)
Farrell et al. also evaluated a radiology-led recall pro-
tocol for patients enrolled in HCC surveillance and
found that 368 (45.8%) of 804 patients completed
semiannual surveillance imaging.’® Kennedy and
colleagues found that an automated reminder system,
paired with provider and patient education, increased

consistent semiannual HCC surveillance over 2 years
from 0% to 63.6% in a small cohort of 22 patients
with cirrhosis.®
inreach to date, Beste and colleagues found that an
EMR reminder alert in the Veterans Affairs system
increased adequate HCC surveillance (2 imaging
studies within 18 months) from 18.2% to 27.6%
among patients with cirrhosis, whereas control sites
without the intervention had no appreciable change in
surveillance use (16.1% versus 17.5%).(14) In this study,
many patients were followed by primary care providers,
and surveillance use remained low postintervention.
Finally, Singal and colleagues(19’51) conducted a large
randomized controlled trial evaluating a population
health outreach strategy in a safety-net health system
among 1,800 patients identified as having cirrhosis
using International Classification of Diseases, Ninth
Revision, codes. In this study, one-time screening

In the largest study evaluating
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within 6 months significantly increased from 24.3%
in the usual care visit-based screening arm to 44.5% in
the mailed outreach arm; the addition of patient nav-
igation did not significantly increase one-time screen-
ing completion (47.2%) compared to outreach alone.
In a follow-up study, the team found continued ben-
efits of outreach and navigation over longer periods
of time; semiannual surveillance over an 18-month
period was performed in 23.3% of outreach/navigation
patients, 17.8% of outreach-alone patients and 7.3%
of usual care patients (P < 0.001 for both versus usual
care and P = 0.02 for outreach * navigation).

Discussion
Despite the clinical practice guidelines developed

by multiple professional societies, our meta-analysis
reveals that HCC surveillance use continues to be
suboptimal in the clinical setting. Surveillance var-
ied widely depending on study setting, with use in
gastroenterology and hepatology clinics approaching
75% compared to as low as <10% in large population-
based cohorts. Consistently observed correlates of sur-
veillance across studies included higher receipt with
subspecialty gastroenterology care and lower receipt
in patients with alcohol-associated or NASH-related
cirrhosis—increasingly common etiologies of HCC.
There have been few studies evaluating interventions
to increase surveillance use; however, tested inter-
ventions appear promising, with relative increases of
60%-80%.

We found low receipt of HCC surveillance in
this meta-analysis, with a pooled estimate of only
24%. These data highlight minimal improvement
over time compared to the 18% pooled estimate
reported in a prior systematic review characteriz-
ing surveillance receipt in studies through 2010.%”
These data highlight that HCC surveillance use is
substantially lower than that of other cancer screen-
ing programs including colorectal, breast, and cer-
vical cancer, with screening rates of approximately
60%, 80%, and 90%, respectively in 2015.°% Lower
use of HCC surveillance has been attributed to
multiple factors including poor provider knowledge
of surveillance guidelines, underrecognition of cir-
rhosis or liver disease, and patient-reported barri-
ers. 19285359 Survey studies among primary care
providers in both safety-net and academic settings
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found multiple provider-reported barriers including
lack of knowledge about surveillance benefits and
limited time in clinic with competing clinical con-
cerns.1%°® Prior chart review studies also suggest
that providers may have difficulty recognizing the
at-risk population, with approximately one third of
patients with HCC having unrecognized cirrhosis
at the time of HCC presentation.*®**
unlike the poor patient adherence seen in colorec-
tal cancer screening ranging from 40%-50%,%>°¢)

adherence to HCC surveillance has not historically
(11,28

) In contrast,

been believed to be a major issue. ¥ However,
recent data have highlighted that patient-level bar-
riers such as cost of ultrasound and uncertainty over
where to get testing completed may result in lower
surveillance receipt.1”

One of the most consistent correlates of HCC
surveillance receipt across studies was receipt of sub-
specialty care. This association was reinforced by sub-
group analyses, with the highest surveillance receipt
among studies in which patients were enrolled from
subspecialty gastroenterology and hepatology clinics
and lowest among studies reporting a population-
based cohort, in which many patients were likely
followed by primary care providers. Although we
also noted variation by geographic location, this was
likely driven by type of study in each area, with most
population-based cohort studies from the United
States and most studies from Europe being conducted
in academic centers. This association may be related
to higher provider awareness of HCC surveillance
and its potential benefits. Whereas most gastroen-
terologists strongly believe that HCC surveillance is
associated with reduced mortality, many primary care
providers believe that HCC surveillance is associated
with early detection but express a desire for more data
showing reduced mortality and quantifying possible
screening-related harms.®”) Studies also noted lower
HCC surveillance in patients with alcohol-associated
or NASH-related cirrhosis, which is concerning given
that these etiologies account for an increasing propor-
tion of HCC cases. Studies have suggested increased
difficulty recognizing chronic liver disease or cirrhosis
in these patients prior to HCC presentation compared
to chronic hepatitis C cirrhosis; however, further stud-
ies should explore other potential barriers such as dif-
terential medical comorbidity or patient adherence.

Despite extensive literature highlighting underuse
of HCC surveillance, we identified only eight studies
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evaluating interventions to increase HCC surveil-
lance. Most evaluated inreach strategies with or with-
out provider education, such as EMR reminders or
nurse-led surveillance protocols. Each study reported
significant increases in HCC surveillance, although
this was only effective for patients who had a clinic
visit during the study period. One study evaluating
population health outreach reported significant differ-
ences in surveillance receipt—for both patients who
were actively seen in clinic as well as those without
clinic visits. Although each study including patients
followed by primary care providers reported improved
surveillance receipt, postintervention surveillance use
remained at ~50% or less, highlighting the need for
more intensive interventions, including potential
for multilevel interventions combining inreach and
outreach. It is possible that other advances in HCC
surveillance, including biomarker-based testing, may
also reduce barriers to completion and increase sur-
veillance use.

We noted that the current literature evaluating
HCC surveillance use has several limitations. First,
studies used varying definitions for HCC surveillance,
with some using a guideline-concordant definition of
semiannual surveillance but others using operational
definitions, e.g., receipt of two imaging studies over
a period of 18-24 months. Clear and standardized
surveillance definitions across studies should be used
to provide an accurate interpretation and analysis of
surveillance rates. Defining surveillance using a time
interval of every 6 months would only count patients
with perfect adherence toward surveillance rates. One
potential measure that incorporates frequency and
number of tests during a period of interest is the
proportion of time up to date with screening, which
gives a more continuous measure of screening adher-
ence. Second, there was wide variation of enrollment
periods and follow-up intervals between studies, and
studies have shown that adherence decreases dramat-
ically over time.* Although we attempted to reduce
the effect of short follow-up times by excluding stud-
ies that included one-time screening events, some
studies encompassed a follow-up time of > 10 years,
while others limited the follow-up period to 1 year.
Third, few studies described reasons for surveillance
underuse, which is an important step to inform eftec-
tive intervention strategies. It is possible that surveil-
lance “underuse” may have been appropriate in some
cases if patients had comorbid conditions or liver

WOLFET AL.

dysfunction and surveillance was not recommended.
Finally, most studies evaluating interventions have
been conducted in single-center settings with unclear
generalizability, have short durations of follow-up
with unclear long-term sustainability of intervention
effect, and have no comparative effectiveness data, so
optimal intervention strategies have not been defined.

In summary, this systematic review and meta-
analysis highlights that HCC surveillance continues
to be underused, with only 1 in 4 patients with cirrho-
sis receiving surveillance. HCC surveillance underuse
appears particularly problematic among patients with
nonviral liver disease and those followed by primary
care providers or outside academic centers. It is clear
that interventions are needed to increase HCC sur-
veillance. The current literature evaluating such inter-
vention strategies is limited, although each strategy
significantly improved surveillance use and provides a
blueprint to improve early tumor detection and reduce

HCC-related mortality.
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