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Hepatocellular Carcinoma Screening
Process Failures in Patients with Cirrhosis
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Professional society guidelines recommend semiannual screening for hepatocellular carcinoma (HCC) in patients
with cirrhosis; however, studies suggest underuse of screening in clinical practice. Our study’s aim was to character-
ize reasons for HCC screening underuse among patients with cirrhosis. We conducted a retrospective cohort study
of patients with cirrhosis diagnosed with HCC in two large health systems from 2011 to 2019. We classified screen-
ing receipt as consistent, inconsistent, or no screening in the year before HCC diagnosis. We categorized reasons for
screening underuse as a potential failure at each of the following steps required for HCC screening: receipt of regular
outpatient care, recognition of liver disease, recognition of cirrhosis, screening orders in patients with cirrhosis, and ad-
herence to screening ultrasound appointments. Among 1,014 patients with cirrhosis with HCC, only 377 (37.2%) had
regular outpatient care in the year before HCC presentation. Consistent screening was observed in 93 (24.7%) patients
under regular outpatient care, whereas 161 (42.7%) had inconsistent screening and 123 (32.6%) no screening. We found
screening underuse related to failures at each step in the screening process, although nearly half (49.6%) were due to
lack of screening orders in patients with known cirrhosis. Conclusion: The most common reasons for HCC screening
underuse in patients with cirrhosis are lack of regular outpatient care and lack of screening orders in those with known
cirrhosis, highlighting the need for interventions targeted at these steps to increase HCC screening use. (Hepatology

Communications 2021;5:1481-1489).

epatocellular carcinoma (HCC) is the fourth
most common cause of cancer death world-
wide and a leading cause of death in patients
with cirrhosis. Overall, HCC has a dismal prog-
nosis, with a 5-year survival of only 18% and min-
imal improvement in mortality rates over time."?
However, HCC prognosis varies significantly based
on tumor stage at diagnosis; for patients diagnosed
at an early stage, surgical resection and ablation can
afford 5-year survival rates exceeding 70%,(3) whereas
median survival is less than 1 year for those diagnosed
at an advanced stage.(4)
Given the association between tumor stage and
survival, professional societies recommend HCC

screening among patients at highest risk. The
American Association for the Study of Liver Diseases
(AASLD) recommends screening with semiannual
abdominal ultrasound, with or without serum alpha
tetoprotein, for patients with cirrhosis or chronic hep-
atitis B virus (HBV) infection.”) These recommenda-
tions are supported by a large, randomized, controlled
trial among patients with chronic HBV and by several
cohort studies among patients with cirrhosis showing
that screening is associated with early detection, cura-
tive treatment receipt, and improved survival.®”

For HCC screening to reduce mortality in clinical
practice, it must be effectively implemented. However,
a meta-analysis of cohort studies found that less than
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25% of patients with cirrhosis receive screening, with
lower use among patients followed outside of gas-
troenterology subspecialty practices.(8’9) The screen-
ing process can be broken down into the following
four discrete steps, with the potential for failure at
each step: providers must 1) recognize the presence
of underlying liver disease, 2) recognize cirrhosis in
those with chronic liver disease, and 3) order HCC
screening for patients with cirrhosis, while 4) patients
must adhere to provider recommendations for screen-
ing. Granular data examining reasons for screening
underuse are critical to informing interventions that
can increase HCC screening, but these data are unfor-
tunately less robust. In a study among 178 patients
with HCC, we demonstrated screening failures across
this continuum;'"” however, that study was conducted
in an older cohort at a single health system with most
HCC cases related to active hepatitis C infection and
tew due to nonviral etiologies.

To address these limitations, we performed a retro-
spective cohort study to characterize screening failures
among a large cohort of patients followed at two large
health systems comprising a safety-net health system
and an academic tertiary care referral center.

Patients and Methods
STUDY POPULATION

We identified consecutive patients diagnosed with
HCC from 2011 to 2019, using a prospectively main-
tained database at Parkland Health and Hospital System

View this article online at wileyonlinelibrary.com.
DOI 10.1002/hep4.1735
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(PHHS) and the University of Texas Southwestern
Medical Center (UTSW) - two sites of the North
American Liver Cancer (NALC) Consortium. Detailed
information regarding this cohort has been reported.
PHHS is a publicly funded safety-net hospital system
serving a large socioeconomically disadvantaged popu-
lation in Dallas County, which includes 12 community-
based primary care clinics and outpatient specialty
clinics. Uninsured patients receive access to primary and
specialty care at reduced cost through a sliding-scale
financial assistance program. UTSW is a large tertiary
care referral center with a liver transplant program
and a National Cancer Institute-designated compre-
hensive cancer center; it serves as a referral center for
patients with cirrhosis and HCC. Patients at both sites
are cared for by the same set of clinical providers, and
patients diagnosed with HCC at both sites have access
to multidisciplinary management."® All HCC diag-
noses were made using either radiologic or histologic
features per AASLD criteria.®) Patients were excluded
if they received HCC treatment before initial presenta-
tion at one of the study sites. The study protocols were
approved by the Institutional Review Board at UTSW.

DATA COLLECTION AND
DEFINITION

Patient characteristics, including demographics,
clinical characteristics, laboratory data, health care
use, and tumor characteristics, at HCC diagnosis were
collected from the electronic medical record (EMR).
Demographics included patient age, sex, and race/eth-
nicity. Race/ethnicity was classified as non-Hispanic
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white, black, Hispanic, or other.™” Clinical character-
istics of interest included insurance status, liver disease
etiology, and liver disease severity. Liver disease etiol-
ogy was classified as hepatitis C, hepatitis B, alcohol-
related, and nonalcoholic steatohepatitis (NASH), as
described.™® We captured presence of ascites and
encephalopathy and relevant laboratory data to cal-
culate Child-Pugh score for all patients. Health care
use variables included the number of outpatient, inpa-
tient, and emergency department visits in the 2 years
preceding HCC diagnosis. Among outpatient visits,
we specifically recorded primary care provider (PCP)
and gastroenterology (including hepatology) visits,
given the strong association with screening receipt.
Receipt of regular outpatient care was defined as hav-
ing at least one PCP or gastroenterology visit more
than 1 year before HCC diagnosis and another visit
within the year before HCC diagnosis. Tumor bur-
den at diagnosis was recorded, including the number
of HCC lesions, maximum diameter, and presence of
vascular invasion or distant metastases.

We recorded dates and indications for all abdom-
inal ultrasound, computed tomography, and mag-
netic resonance imaging studies in the year before
HCC diagnosis. We included images performed
for nonscreening indications as they would concur-
rently exclude the presence of HCC and preclude
the need for repeat screening imaging at that time.
Outside imaging studies were captured using the Care
Everywhere Network function in the EMR. Screening
receipt was classified as either consistent, inconsistent,
or no screening. Consistent screening was defined as
having semiannual imaging in the year before diag-
nosis, whereas inconsistent screening was defined as
having at least one imaging study during the study
period but less than consistent screening. Among
patients with no screening, we identified potential
failures at the following steps in the screening process,
as determined by review of clinic notes and imaging
records: receipt of regular outpatient care (as defined
above), recognition of chronic liver disease, recogni-
tion of cirrhosis among those with known liver dis-
ease, screening orders in those with known cirrhosis,
and adherence to screening ultrasound appointments
among those with orders. Recognition of chronic liver
disease was defined as documentation of liver disease
(e.g., hepatitis C, alcohol-related liver disease, NASH,

cirrhosis) in an outpatient clinic note. Recognition
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of cirrhosis was defined as documentation of sus-
pected cirrhosis (including liver nodularity) or hepatic
decompensation (ascites or hepatic encephalopathy)
in clinic notes.

STATISTICS

We used the Mann-Whitney U and Kruskal-Wallis
tests to compare continuous variables and the two-
tailed Fisher’s exact and % tests to compare categori-
cal data between patient groups. We used univariable
logistic regression to identify factors associated with
HCC screening receipt and potential failures in the
screening process. Factors significant in univariable
models were introduced into multivariable logistic
regression models with forward selection based on
likelihood ratios to determine the adjusted odds ratio
(OR) and 95% confidence intervals (CIs). Insurance
status was collinear with health system so was not
included A two-tailed
P < 0.05 was considered statistically significant. All
statistical analyses were conducted using SPSS version

23 (IBM, Armonk, NY).

in multivariable models.

Results

PATIENT CHARACTERISTICS

We identified 1,111 patients diagnosed with HCC
between 2011 and 2019. Of these patients, 97 (8.7%)
did not have cirrhosis and were excluded from fur-
ther analyses (Supporting Table S1). Characteristics
of the remaining 1,014 patients with cirrhosis are
detailed in Table 1. In brief, the median age of the
cohort was 59.9 years, and 76.1% of patients were
men. The cohort was racially/ethnically diverse, with
34.1% non-Hispanic white, 31.1% black, and 29.2%
Hispanic white. The most common liver disease eti-
ologies were hepatitis C (63.4%), alcohol-related
(14.0%), and NASH (10.7%). Most patients had
compensated cirrhosis, the median Child-Pugh score

was 7, and 47.9% had Child-Pugh A cirrhosis.

HEALTH CARE USE

Patterns of health care system use are described
in Fig. 1. Nearly one fourth (n = 232, 22.9%) of

patients did not have any contact with a health care
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TABLE 1. PATIENT CHARACTERISTICS

Characteristic Patients With Cirrhosis (n = 1,014)
Age (median, IQR) 59.9 (65.6-65.2)
Sex (% male) 772 (76.1%)
Hospital type (% public) 668 (65.9%)
Race
Non-Hispanic white 346 (34.1%)
Black 315 (31.1%)
Hispanic white 296 (29.2%)
Asian 41 (4.0%)
Other/unknown 16 (1.6%)
Etiology
Hepatitis C 643 (63.4%)
Hepatitis B 62 (6.1%)
Alcohol 142 (14.0%)
NASH 108 (10.7%)
Other 59 (5.8%)
Insurance
Medicare 298 (29.4%)
Medicaid 214 (21.1%)
Private insurance 163 (16.1%)
Other* 234 (23.1%)
None 105 (10.5%)
Severity of cirrhosis af HCC
diagnosis
Presence of hepatic 212 (20.9%)
encephalopathy
Presence of ascites 475 (46.8%)
Platelet count (mean + SD) 137 £92
Child-Pugh score (% Child A) 486 (47.9%)
Barcelona Clinic Liver Cancer
stage
Stage 0 75 (7.4%)
Stage A 379 (37.4%)
Stage B 120 (11.8%)
Stage C 276 (27.2%)
Stage D 146 (14.4%)

*Includes PHHS financial assistance.
Abbreviation: IQR, interquartile range.

system before HCC diagnosis, while another 12.5%
(n = 127) only had inpatient or emergency depart-
ment visits without any outpatient care. Only 612
(60.4%) patients were seen by a PCP or gastroenter-
ology provider before HCC diagnosis, and only 377
(37.2%) had regular outpatient care (Supporting Table
S2). Regular outpatient care was more likely among
older patients and those with thrombocytopenia but
less likely among men and those with higher Child-
Pugh scores (Table 2).
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FAILURES IN THE HCC
SCREENING PROCESS

Among the 377 patients receiving regular outpatient
care, consistent semiannual screening was completed
for only 93 (24.7%) patients. Inconsistent screening
was conducted for 161 (42.7%) patients, and 123
(32.6%) patients had no screening in the year before
HCC diagnosis (Table 3). A higher proportion of
patients with consistent screening had HCC detected
at an early stage compared to those with no screen-
ing (P < 0.001) or inconsistent screening (P = 0.04).
In multivariable models, gastroenterology subspecialty
care was the strongest correlate of consistent semian-
nual screening (Table 4) or receipt of any screening
(Supporting Table S3). Among patients who received
no screening, failures were observed at each step in
the screening process, including provider recognition
of liver disease (n = 22, 17.9%), provider recognition
of cirrhosis (n = 30, 24.4%), provider placement of
HCC screening orders (n = 61, 49.6%), and patient
adherence with a screening ultrasound appointment
(n = 10, 8.1%) (Fig. 2). Although provider failure to
recognize cirrhosis was more common among patients
with NASH than those with other etiologies, this dif-
ference did not reach statistical significance (19.1%
vs. 11.7%, P = 0.26). Correlates for screening orders
were consistent with those of screening use, with the
strongest correlate being receipt of gastroenterology
subspecialty care.

Discussion

We found that less than 1 in 4 patients with cir-
rhosis receive consistent semiannual HCC screening,
which is in line with prior data.”) However, our study
provides important insights into potential reasons for
HCC screening underuse. The most common bar-
rier to HCC screening was patients not having rou-
tine outpatient care before HCC presentation, with
only 37% of patients having regular care by a primary
care provider or gastroenterologist. Even among those
under routine outpatient care, we observed failures at
each subsequent step of the screening process, includ-
ing at both the patient and provider level, with the
most common being providers not ordering screening
for patients with documented cirrhosis.
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m Regular outpatient care

@ Prior PCP/GI visits but not regular outpatient care
ONo contact

© Inpatient and ED visits only

8 Outpatient visit but no PCP/GI

FIG. 1. Patterns of health care use. Abbreviations: ED, emergency department; GI, gastroenterologist.

TABLE 2. CORRELATES OF REGULAR OUTPATIENT
CARE (n=1,014)

Univariable OR Multivariable OR*

Variables

(95% Cl)

(95% Cl)

Age (in 10-year
increments)

Sex (male)

English

Race
Non-Hispanic white
Black
Hispanic white
Asian

Etiology
Hepatitis C
Hepatitis B
Alcohol related
NASH

Thrombocytopenia (<150)
Child-Pugh score (in incre-

ments of 1)

1.28 (1.10-1.49)

0.57 (0.42-0.76)
0.68 (0.49-0.94)

Reference
2.24 (1.63-3.09)
1.61 (1.16-2.24)
1.05(0.51-2.14)

Reference
1.12 (0.66-1.91)
0.77 (0.52-1.13)
1.28 (0.85-1.93)
1.13(0.87-1.49)
0.86 (0.81-0.93)

1.43 (1.21-1.70)

0.63 (0.46-0.87)

1.56 (1.09-2.24)
1.05 (0.73-1.52)
0.72 (0.34-1.53)

1.48 (1.10-2.00)
0.87 (0.81-0.94)

Of 612 patients, 377 had regular outpatient care and 235 had prior
primary or gastroenterology visits but not meeting the definition
for regular outpatient care.

*Adjusted for type of health care system.

One of the most noteworthy findings from our
study is that nearly two thirds of patients failed to
have regular outpatient care before HCC diagnosis,
with over one third not having any prior PCP or gas-
troenterology visits. This is particularly surprising in

our patient population given that PHHS serves as
a safety-net health system and offers medical care,
including HCC screening, to underinsured individu-
als in Dallas County. This suggests that this failure
extends beyond insurance issues. Lack of health care
engagement in this population may be related to issues
such as mistrust of health systems, poor health liter-
acy and awareness, or other barriers to medical care,
such as lack of transportation.(14_16) Some of these
barriers have been reported to be prevalent in racial/
ethnic minority communities and may also be com-
mon in patients with cirrhosis, who often have coex-
istent substance abuse and psychiatric comorbidity.!”
This finding is additive to the literature on screening
underuse that has primarily focused on patients who
are already engaged with health care and highlights
that interventions focused solely on patients within
health systems (i.e., inreach) will likely have limited
effectiveness.

Among those with regular outpatient care, the
most common failure in subsequent steps of the pro-
cess was providers not placing orders for screening in
patients with known cirrhosis. This finding is con-
sistent with the published literature, ' highlighting
this as a high-yield target for future interventions to
increase HCC screening. Failure at this step was par-
ticularly common among patients who were only fol-
lowed by PCPs without gastroenterology/hepatology
subspecialty care. A published survey suggests primary
care providers are knowledgeable about screening
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TABLE 3. CHARACTERISTICS OF PATIENTS WITH CONSISTENT, INCONSISTENT, AND NO SCREENING

Inconsistent Screening (n = 161) No Screening (n = 123)

Patient Characteristic Consistent Screening (n = 93)
Age (median, IQR) 60.8 (56.0-66.3)

Sex (% male) 64 (68.8%)

Hospital type (% safety net) 69 (74.2%)

Race (number, %)

Non-Hispanic white 31 (33.3%)

Black 25 (26.9%)
Hispanic white 33 (35.5%)
Asian 4 (4.3%)
Etiology (number, %)
Hepatitis C 56 (60.2%)
Hepatitis B 8 (8.6%)
Alcohol 14 (15.1%)
NASH 11 (11.8%)
Other 4 (4.3%)
Insurance (number, %)
Medicare 36 (38.7%)
Medicaid 20 (21.5%)
Private insurance 13 (14.0%)
Other 20 (21.5%)
None 4 (4.3%)

Severity of cirrhosis (number, %)
Presence of hepatic encephalopathy
Presence of ascites
Child-Pugh score (% Child A)

Health care use (median, IQR)

Number of any outpatient visits in
year prior
Had PCP visit in year prior (%)

22 (23.7%)
44 (47.3%)
49 (52.7%)

7 (4-10)

67 (72.0%)

Number of PCP visits in year prior 2 (0-4)
Had gastroenterology visit (%) 88 (94.6%)
Number of gastroenterology visits in 2 (1-4)

1 year

Barcelona Clinic Liver Cancer Stage
(number, %)

Stage 0 15 (16.1%)
Stage A 52 (55.9%)
Stage B 8 (8.6%)
Stage C 7 (7.5%)
Stage D 9(9.7%)

Abbreviation: IQR, interquartile range.

but reports other barriers, including limited time in
clinic and competing clinical concerns."® Although
screening is consistently higher when patients are
being followed by gastroenterologists, referring all
patients with cirrhosis to subspecialty care is not
a viable solution, particularly in areas with limited
subspecialty capacity, e.g., rural communities, safety-
net health systems, and other large integrated health
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60.7 (56.4-66.9) 60.8 (56.9-67.4)
117 (72.6%) 81 (65.9%)
131 (81.4%) 97 (78.9%)

40 (24.8%) 27 (22.0%)
65 (40.4%) 58 (47.2%)
49 (30.4%) 33 (26.8%)
6(3.7%) 2 (1.6%)
113 (70.2%) 73 (59.3%)
10 (6.2%) 7 (5.7%)
17 (10.6%) 14 (11.4%)
15 (9.3%) 21 (17.1%)
6(3.7%) 8 (6.5%)
65 (40.4%) 43 (35.0%)
30 (18.6%) 28 (22.8%)
11 (6.8%) 10 (8.1%)
41 (25.5%) 36 (29.3%)
14 (8.7%) 6 (4.9%)
37 (23.0%) 23 (18.7%)
61 (37.9%) 49 (39.8%)
91 (56.5%) 72 (58.5%)
5(3-9) 4.(2-6)
132 (82.0%) 105 (85.4%)
2(1-3) 2(1-3)
112 (69.6%) 52 (42.3%)
1(02) 1(0-1)
22 (13.7%) 7 (5.7%)
74 (46.0%) 44 (35.8%)
19.(11.8%) 16 (13.0%)
32 (19.9%) 41 (33.3%)
11 (6.8%) 15 (12.2%)

systems, such as the Department of Veterans Affairs
(VA). Further, the number of patients with cirrhosis
will likely increase in the future in parallel with an
increasing prevalence of nonalcoholic fatty liver dis-
ease (NAFLD).(lg) Interventions, including EMR
reminders and provider education, have been tested
with variable success, particularly if considering semi-
annual screening over extended periods of time.202V
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Therefore, novel system redesign solutions, such as
mailed outreach strategies, radiology recall systems, or
nurse-driven protocols, may need to be considered to
improve screening in the future.#*%)

Although failures were also observed at other
steps in the HCC screening process, it was surprising
that they were relatively uncommon. Failure to rec-
ognize liver disease and failure to recognize cirrho-
sis were both observed in less than 10% of patients
without screening. This contrasts to an earlier VA
study in which nearly 25% of patients had unrecog-
nized cirrhosis at HCC diagnosis, particularly among
those with NAFLD.?" We had hypothesized that

TABLE 4. CORRELATES OF CONSISTENT
SEMIANNUAL SCREENING WITHIN 1YEAR
BEFORE HCC DIAGNOSIS (n =377)

Univariable OR Multivariable OR*

Variables (95% Cl) (95% ClI)
Age (in 10-year 0.89 (0.67-1.18)

increments)
Sex (male) 0.92 (0.55-1.53)
Race

Non-Hispanic white Reference

Black 0.48 (0.26-0.89)

Hispanic white 0.96 (0.53-1.73)

Asian 1.19 (0.33-4.26)
Etiology

Hepatitis C Reference

Hepatitis B 1.64 (0.67-4.00)

Alcohol 1.57 (0.78-3.17)

NASH 1.06 (0.51-2.23)
Child-Pugh score (in 1.03 (0.91-1.17)

increments of 1)
PCP/gastroenterology visits

Only PCP visits Reference Reference

Only gastroenterology
visits
Both PCP and

gastroenterology visits

12.0 (4.74-30.6)

11.8 (4.89-28.5)

*Adjusted for type of health care system

12.0 (4.74-30.6)

11.8 (4.89-28.5)
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this would be more of an issue in our contemporary
cohort, especially given the increasing prevalence of
NAFLD in the U.S. population, but this was not
the case. It is possible that increased use of nonin-
vasive markers of fibrosis and increased awareness
by both PCPs and gastroenterologists may be help-
ing to address this issue. It is also noteworthy that
patient adherence to screening recommendations was
high, with less than 5% of patients failing to com-
plete screening once ordered. This is in contrast to
data demonstrating patient-reported barriers to HCC
screening, including costs, difficulties with schedul-
ing, and transportation.?> It is possible that providers
may not have ordered screening in patients with these
types of barriers, resulting in misclassification. While
further research is needed in this area, we believe that
improved patient navigation may help to increase
HCC screening in the future.

As has been reported in other studies,' receipt
of consistent HCC screening was associated with
statistical and clinically significant increases in early
HCC detection compared to both inconsistent and no
screening. However, nearly 40% of patients in the no-
screening group were found at an early stage, which
may reflect increasing incidental detection in paral-
lel with increasing use of cross-sectional imaging in
clinical practice.(zg) Overall, these data highlight the
continued importance of efforts to increase and opti-
mize HCC screening effectiveness in at-risk patients,
including efforts to increase screening as well as test
performance for early HCC detection.**9

Although our study has several strengths, includ-
ing its large sample size, diverse patient cohort and
granular data on health care use, and reasons for
screening process failures, it has a few limitations.
First, although we included patients from both a
safety-net health system and academic tertiary care
referral system, these data may not be generalizable
to all care settings. Second, there is the possibility of
measurement bias and residual confounding, given

6,26,27)

Consistent surveillance

Patients with regular
outpatient care

n =377

—>

[Patients with recognized liver|
disease

n =355 (94.2%)

Patients with recognized
cirrhosis

n =325 (91.5%)

Patients with surveillance

| orders present

n = 264 (81.2%)

Patients who completed HCC
surveillance

n =254 (96.2%)

n =93 (36.6%)

FIG. 2. Screening process failures in patients with cirrhosis.

surveillance
n =161 (63.4%)
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the retrospective nature of the study. For example, we
had limited data on comorbidity, which may impact
the likelihood of having clinic visits as well as appro-
priateness of screening. Similarly, alcohol use may
be underreported by patients and undercaptured in
EMRs. Third, there is the possibility of ascertainment
bias, particularly among patients who may have had
imaging studies completed outside our two health
systems. This was less likely to occur at the safety-
net health system given substantially higher out-of-
pocket costs for patients receiving imaging outside of
PHHS. Although this was possible at the tertiary care
referral system, we recorded outside imaging available
in the EMR to minimize this bias. Similarly, providers
may have recognized the presence of liver disease or
cirrhosis and simply not documented this clearly in
their notes.

In summary, we found that HCC screening con-
tinues to be underused in patients with cirrhosis, with
less than 1 in 4 patients receiving consistent semian-
nual screening before diagnosis. The most common
failures in the screening process were patients not
having routine outpatient care before presentation and
providers not ordering screening imaging for patients
with documented cirrhosis. These steps should serve
as preferred targets for intervention strategies to
increase HCC screening in the future.
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