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Providers and risk-based HCC surveillance

Nicole J. Kim1, Karine Rozenberg-Ben-Dror?, David A. Jacob?3, Nicole E. Rich*, Amit G.
Singal4, Elizabeth S. Aby®, Ju Dong Yang®, Veronica Nguyen’, Anjana Pillai®, Michael
Fuchs®, Andrew M. Moon10, Hersh Shroffll, Parul D. Agarwall?, Ponni Perumalswami?l3,
Shaun Chandnal4, Kali Zzhoul®, Yuval A. Patel'®, Nyan L. Latt!?, Robert Wong!8, Andres
Duarte-Rojol9, Christina C. Lindenmeyer?0, Catherine Frenette?!, Jin Ge?2, Neil Mehta?2,
Francis Yao?2, Jihane N. Benhammou?23, Patricia P. Bloom?24, Michael Leise2®, Hyunseok
Kim26, Cynthia Levy?’, Abbey Barnard?®, Mandana Khalili?2, George N. loannou?l2°

1.Division of Gastroenterology, University of Washington, Seattle, WA

2\/eteran Affairs Great Lakes Health Care System, VISN 12 PBM, Westchester, IL
3\eteran Affairs Heart of Texas Health Care Network, VISN 17 PBM, Temple, TX
4Division of Digestive and Liver Disease, UT Southwestern Medical Center, Dallas, TX
5Division of Gastroenterology, University of Minnesota, Minneapolis, MN

6-Division of Digestive and Liver Diseases, Comprehensive Transplant Center and Samuel Oschin
Comprehensive Cancer Institute, Cedars Sinai Medical Center, Los Angeles, CA

"Division of Gastroenterology, University of Arizona, Tucson, AZ
8.Division of Gastroenterology, Hepatology and Nutrition, University of Chicago, Chicago, IL

9-Division of Gastroenterology, Hepatology and Nutrition, Virginia Commonwealth University and
Hepatology Section, Central Virginia Veteran Affairs Health Care System, Richmond, VA

10-Division of Gastroenterology and Hepatology, University of North Carolina, Chapel Hill, NC
11.Division of Gastroenterology and Hepatology, Northwestern University, Chicago, IL

12.Division of Gastroenterology and Hepatology, University of Wisconsin School of Medicine and
Public Health, Madison, WI

13.Division of Liver Diseases, Icahn School of Medicine at Mount Sinai, New York, NY

14.Division of Gastroenterology, Hepatology, and Nutrition, University of Utah, Salt Lake City, UT

Correspondence: Nicole J. Kim MD, MPH, Division of Gastroenterology, University of Washington, 1959 NE Pacific Street, Box
356424, Seattle, WA 98195, Tel 206-221-9202 / Fax 206-685-8684, nkim8@medicine.washington.edu.

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review
of the resulting proof before it is published in its final form. Please note that during the production process errors may be discovered
which could affect the content, and all legal disclaimers that apply to the journal pertain.

Preprint Server: Not applicable.
Writing Assistance: None.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Kim et al.

15.Division of Gastroenterology and Liver Diseases, University of Southern California, Los
Angeles, CA

16.Division of Gastroenterology, Duke University, Durham, NC

17.0Ochsner Multi-Organ Transplant Institute, Division of Gastroenterology, Ochsner Health, New
Orleans, LA

18.Djvision of Gastroenterology and Hepatology, Alameda Health System, Oakland, CA
19-Division of Gastroenterology, University of Pittsburgh, Pittsburgh, PA

20.pepartment of Gastroenterology, Hepatology and Nutrition, Cleveland Clinic, Cleveland, OH
21.Division of Organ Transplantation, Scripps Green Hospital, La Jolla, CA

22Division of Gastroenterology and Hepatology, University of California San Francisco, San
Francisco, CA

23.Division of Gastroenterology, University of California Los Angeles, Los Angeles, CA
24.Division of Gastroenterology, Massachusetts General Hospital, Boston, MA

25.Division of Gastroenterology and Hepatology, Mayo Clinic, Rochester, MN

26.Section of Gastroenterology and Hepatology, Baylor College of Medicine, Houston, TX
27-Division of Gastroenterology and Hepatology, University of Miami, Miami, FL
28.Division of Gastroenterology, University of California San Diego, La Jolla, CA

29-Division of Gastroenterology, Veteran Affairs Puget Sound Health Care System, Seattle, WA

Abstract

Background & Aims: Hepatocellular carcinoma (HCC) surveillance rates are suboptimal

in clinical practice. We aimed to elicit providers’ opinions on the following aspects of HCC
surveillance: preferred strategies, barriers and facilitators, and the impact of a patient’s HCC risk
on the choice of surveillance modality.

Methods: We conducted a web-based survey among gastroenterology and hepatology providers
(40% faculty physicians, 21% advanced practice providers, 39% fellow-trainees) from 26 U.S.
medical centers in 17 states.

Results: Of 654 eligible providers, 305 (47%) completed the survey. Nearly all (98.4%) of

the providers endorsed semi-annual HCC surveillance in patients with cirrhosis, with 84.2%
recommending ultrasound + alpha fetoprotein (AFP) and 15.4% recommending computed
tomography (CT) or magnetic resonance imaging (MRI). Barriers to surveillance included limited
HCC treatment options, screening test effectiveness to reduce mortality, access to transportation,
and high out-of-pocket costs. Facilitators of surveillance included professional society guidelines.
Most providers (72.1%) would perform surveillance even if HCC risk was low (<0.5% per year),
while 98.7% would perform surveillance if HCC risk was >1% per year. As a patient’s HCC risk
increased from 1% to 3% to 5% per year, providers reported they would be less likely to order
ultrasound + AFP (83.6% to 68.9% to 57.4%; p<0.001) and more likely to order CT or MRI £
AFP (3.9% to 26.2% to 36.1%; p<0.001).
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Conclusion: Providers recommend HCC surveillance even when HCC risk is much lower than
the threshold suggested by professional societies. Many appear receptive to risk-based HCC
surveillance strategies that depend on patients’ estimated HCC risk, instead of our current “one-
size-fits all” strategy.

Graphical Abstract
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Introduction

Professional societies recommend hepatocellular carcinoma (HCC) surveillance in patients
with cirrhosis using semi-annual abdominal ultrasound with or without serum alpha
fetoprotein (AFP).1=3 Successful implementation of HCC surveillance programs, however,
has been challenging with only 24% of eligible patients receiving timely HCC surveillance.*
Various healthcare system, provider,® and patient-level factors,5 as well as the perceived
effectiveness of existing HCC surveillance strategies, have been identified as potential
barriers to improving HCC surveillance rates.

Guidelines currently recommend a “one-size-fits-all” HCC surveillance strategy, whereby
the same tests (ultrasound = AFP) are recommended for all patients with cirrhosis
irrespective of their underlying HCC risk, so long as the annual risk exceeds 1.5%.” Many
studies, however, demonstrated that HCC risk in individual patients varies widely from <1%
to >5% per year. Though various risk scores and prediction models have been developed to
estimate HCC risk in patients with cirrhosis, there has yet to be a single model incorporated
into societal guidelines or routine clinical practice.8-11 It is possible that improvements

in HCC surveillance rates could be achieved if patients are first stratified according to

HCC risk, then offered individualized risk-appropriate surveillance. For example, more
effective but expensive surveillance strategies using computed tomography (CT) or magnetic
resonance imaging (MRI) could be cost-effective if utilized in higher risk groups.12

Although surveillance rates are higher in subspecialty clinics than in primary care
practices,* 13 few studies have focused on gastroenterology and hepatology providers’
approach to HCC surveillance. Thus, our aim was to assess existing HCC surveillance
practices, and investigate whether gastroenterology and hepatology providers’ decisions

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 January 01.
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to screen patients for HCC and their choice of surveillance test are influenced by patient-
specific HCC risk.

Data source and provider population

We conducted an anonymous web-based survey (Supplemental Table 1) using a convenience
sample of self-identified gastroenterology and hepatology providers at 26 academic
institutions, safety-net health systems, private hospitals, and Veteran Affairs medical centers
from 17 states in the U.S. The survey was designed using a conceptual model (Supplemental
Figure 1) based on the Theory of Reasoned Action and Theory of Planned Behavior, which
have been used to study healthcare providers’ behaviors.> 14 15 Questions were adapted
from prior surveys!®: 17 and pre-tested by 10 providers including gastroenterology fellows,
primary care providers, gastroenterologists, and hepatologists via cognitive interviewing
until saturation of feedback was achieved. The final survey had 29 questions, took 10
minutes to complete, and was organized into 4 sections:

1. Hepatocellular carcinoma surveillance practices (3 questions)

2. Factors that may influence hepatocellular carcinoma surveillance practices (4
questions)

3. Clinical scenarios designed to assess how hepatocellular carcinoma risk might

affect the choice of surveillance strategy (9 questions)
4. Provider and institutional information (13 questions)

The survey was executed on the REDCap platform. A web link to the survey was distributed
via email to eligible providers between October 28 and December 8, 2019. A single
provider at each site distributed the survey to all eligible providers (faculty physicians,
advanced practice providers (APP), and gastroenterology or hepatology fellow-trainees
caring for patients with cirrhosis over the age of 18) at his or her institution. A reminder
email to complete the survey was sent 2 weeks after the initial request. There was no
incentive to participate in this study. Incomplete surveys (n=80) and surveys completed by
non-gastroenterology and hepatology providers (n=2) were excluded from the final analysis.
This study was approved by the Institutional Review Board at the University of Washington.

Outcome measures

The survey first assessed provider and institution characteristics, and providers’ current
HCC surveillance practices. It then asked providers to rank the importance of patient-,
provider-, and system-level factors on ordering HCC surveillance using a 5-point Likert
scale ranging from “not at all important” to “extremely important”. Finally, the survey
presented case scenarios to evaluate whether the availability of patient-specific annual risk
of HCC influences providers’ decisions to order HCC surveillance. Specifically, providers
were asked about case scenarios where the annual risk of HCC for each patient varied
from “low risk” (<1.5% per year) to “high risk” (=1.5% per year). A subgroup analysis

by provider type (faculty vs. APP vs. trainee) was performed to assess for variations in
surveillance-related practices and attitudes toward risk-based stratification.

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 January 01.
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Statistical analysis

Results

Descriptive analysis including frequency (%) for categorical variables and mean (SD)

for continuous variables was used to summarize provider and institution characteristics,
HCC surveillance practices, and the perceived importance of factors on ordering HCC
surveillance. Chi-square test was used for categorical variables when comparing outcomes
by provider type. Statistical significance was defined as p<0.05 (two-sided). Analyses were
done using Stata version 15 (Stata Corp LP, College Station, TX).

Provider characteristics

Among 654 eligible providers, 305 providers completed the survey for a response rate of
47%. Provider characteristics are summarized in Table 1. Approximately 51% of providers
were female and 53% were non-Hispanic white; there was good representation of all
provider types, including 40% faculty physicians, 21% APPs, and 39% trainees. Most
providers (53%) saw >100 unique patients with cirrhosis annually and >80% worked in an
academic setting.

Current HCC surveillance practices

Nearly all providers (98.4%) endorsed semi-annual HCC surveillance, most commonly with
abdominal ultrasound + AFP (84.2%; 71.8% ultrasound with AFP, 12.4% ultrasound only)
(Table 2). However, 15.4% of providers endorsed CT or MRI-based HCC surveillance.
Nearly half of the providers (51%) thought HCC surveillance was the responsibility of both
the primary care provider and subspecialist. Trainees were more likely than faculty or APPs
to order ultrasound alone (20% vs. 10% vs. 3%, respectively) whereas faculty (75%) and
APPs (75%) were more likely to order ultrasound with AFP (vs. 67% trainees). APPs were
more likely to order CT or MRI with AFP than trainees or faculty (16% vs. 10% vs. 8.4%,
respectively, p=0.024, Table 2).

Provider attitudes on barriers and facilitators of HCC surveillance

Providers rated several factors as being very or extremely important to ordering HCC
surveillance, including society guideline recommendations (96.1%), test effectiveness for
early detection of HCC (88.2%), and patient’s individual risk for developing HCC (85.3%)
(Supplemental Table 2). They also rated several factors as being very or extremely important
to not ordering HCC surveillance, including limited treatment options if diagnosed with
HCC (28.5%), limited test effectiveness to reduce mortality (24.3%), and insufficient time
during a clinic visit (22.6%). Additional factors, including system and patient-level factors,
are listed in Supplemental Table 2 by order of importance.

HCC risk influences provider surveillance practice patterns

We presented providers with several different patient scenarios. First, when providers were
asked to consider a scenario comparing patients with HCC risk of 0.1% and 0.5% per year,
61% reported they would order HCC surveillance for both patients, while 10.5% reported
they would order surveillance only for the patient with a risk of 0.5% per year (Figure

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 January 01.
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1). APPs were the most likely to order HCC surveillance for both patients (89% vs. 57%
trainees vs. 49% faculty) while faculty were the least likely to order HCC surveillance

for either patient (39% vs. 8% APPs vs. 27% trainees) (p<0.001, Figure 2A). When given

a scenario comparing patients with HCC risk of 1% and 3% per year, 86% of providers
reported they would order HCC surveillance for both patients, while 13% reported they
would order surveillance only for the patient with a risk of 3% per year. There was no
significant difference in response by provider type (p=0.203, Figure 2B). Lastly, when given
a scenario comparing patients with HCC risk of 3% and 5% per year, 99.7% of providers
reported they would order HCC surveillance for both patients. There was no significant
difference in response by provider type (p=0.457, Figure 2C).

Next, when providers were presented with a scenario where surveillance capacity was
unlimited (i.e. all eligible patients can receive surveillance), providers chose a median
annual HCC risk of >0.5% per year (range >0%-3%) as the threshold above which they
would begin surveillance (Figure 3A), consistent with the prior scenario comparing patients
with HCC risk of 0.1% and 0.5% per year (Figure 1). When surveillance capacity was
limited (i.e. not all eligible patients can receive surveillance), providers chose a median
annual HCC risk of >1% per year (range >0%-4%) as the threshold above which they would
begin surveillance (Figure 3B).

As HCC risk incrementally increased from 1% to 3% to 5% per year, providers were
increasingly less likely to select ultrasound + AFP (83.6% to 68.9% to 57.4%) and more
likely to select CT or MRI £ AFP (3.9% to 26.2% to 36.1%) as the surveillance strategy
(p<0.001, Figure 4A). There was a statistically significant difference in the choice of
surveillance test between 1% and 3% per year across all provider types (Figure 4B-D).

Discussion

Despite the many benefits of HCC surveillance in patients with cirrhosis including

early detection of HCC and possible reduction in mortality, HCC surveillance remains
underutilized in clinical practice.* 18 We found that nearly all surveyed gastroenterology
and hepatology providers endorsed semi-annual HCC surveillance using ultrasound + AFP,
but a substantial proportion of providers also recommended CT or MRI-based surveillance.
Most providers endorsed screening even when the patients’ risk of HCC was much lower
than the threshold recommended by professional societies. We also showed that the higher
the patients’ HCC risk, the more likely providers were to order CT or MRI over ultrasound
for surveillance. This suggests that providers are receptive to the concept of personalizing
HCC surveillance based on a patient’s category of HCC risk. Implementation of a risk-based
surveillance strategy rather than the current “one-size-fits-all” strategy may improve overall
HCC surveillance rates and outcomes.

Most providers recommend ultrasound with AFP for HCC surveillance

Nearly all (84%) of our surveyed providers recommended abdominal ultrasound + AFP for
HCC surveillance, in accordance with professional society guidelines. However, a much
larger proportion recommended ultrasound with AFP (72%) over ultrasound alone (12%).
Compared to a prior survey of gastroenterology and hepatology providers, which reported

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 January 01.
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that 36% and 25% of providers ordered ultrasound only and ultrasound with AFP for
surveillance, respectively9, the rates of using ultrasound with AFP has increased. This may
be explained by the multiple studies that have since shown that ultrasound with AFP is more
effective than either alone for detecting HCC. A retrospective cohort study showed that the
sensitivity and specificity for detecting HCC using AFP alone (threshold of 20 ng/mL) was
52.9% and 93.3%, but improved to 99.2% and 68.3% when combined with ultrasound.2°

A subsequent meta-analysis also found that ultrasound alone detected fewer cases of HCC
than ultrasound with AFP (relative risk 0.88).21 However, surveillance using ultrasound with
AFP still has its limitations (Supplemental Figure 2); its pooled sensitivity and specificity
for detecting early-stage HCC is only 63% and 45% respectively2! and test characteristics
can be further limited by a patient’s body habitus and steatosis, which remain concerns in
patients at higher risk of developing HCC.

More providers are using cross-sectional imaging for HCC surveillance

Studies focused on using CT, MRI, or abbreviated MRI for HCC surveillance have been on
the rise.22: 23 |n two prior studies, 2% of gastroenterology and hepatology providers'® and
12% of primary care providersi® reported using CT or MRI-based HCC surveillance, with
cross-sectional imaging more common at liver transplant centers.1® We found that 15% of
our surveyed providers recommended using CT or MRI for surveillance. While this may be
related to the proportion of our surveyed providers practicing at liver transplant centers, it
also suggests that providers are adopting cross-sectional imaging in clinical practice despite
the lack of endorsement in guidelines, and the absence of high-quality data to support its
use for surveillance. A prior randomized controlled trial among U.S. veterans with cirrhosis
found that semi-annual ultrasound was more sensitive (71.4% vs. 66.7%) than annual CT
for HCC surveillance.23 However, more recent data suggests that in select patient groups,
such as patients with obesity,24 nonalcoholic steatohepatitis cirrhosis,?4 an annual HCC risk
>5%,2° and HBV cirrhosis, 26 CT or MRI may perform better than ultrasound in detecting
HCC. Similarly, in the PRIUS study, contrast-MRI had greater sensitivity (84.8% vs. 27.3%)
for detecting very early-stage HCC than ultrasound?’ and semi-annual MRI was considered
cost-effective when the annual HCC risk exceeded 1.81%.28 Only the PRIUS study was
prospective in design, but providers appear to be increasingly receptive to the use of cross-
sectional imaging for surveillance.

Providers recommend HCC surveillance even when annual risk of HCC is low

We also found that the majority of our surveyed providers recommended HCC surveillance
even for patients at low risk of developing HCC. Nearly 62%, 71%, and 86% of our
surveyed providers recommended surveillance in patients with a 0.1%, 0.5%, and 1% per
year risk of developing HCC, respectively. Providers also reported that their threshold

to start HCC surveillance would begin at 0.5% per year and increase to 1% per year if
they faced a scenario with limited resources. These findings are especially interesting as

it suggests that gastroenterology and hepatology providers are unlikely to forego HCC
surveillance for patients even when annual HCC risk is <1.5% per year, contrary to current
recommendations.”

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 January 01.
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Providers would vary HCC surveillance strategies based on patients’ risk of developing

HCC

Our most novel finding was that our surveyed providers’ choice of HCC surveillance
strategy varied based on patients’ category of annual risk of HCC. As the annual risk

of HCC increased, providers were more likely to order CT or MRI over ultrasound for
surveillance. The proportion of providers who would order an ultrasound + AFP decreased
from 84% to 57%, while those who would order CT or MRI £ AFP increased from

4% to 36%, as the patients’ annual HCC risk increased from 1% to 5% per year. This

trend persisted across provider types. We believe these findings illustrate the importance of
considering implementation of risk-based HCC surveillance to not only improve, but also
standardize HCC surveillance practices. Multiple studies have already described risk scores
and prediction models to estimate HCC risk in patients with cirrhosis.8-1! Though further
studies are needed to validate these existing tools in additional patient populations, risk-
based surveillance may present an exciting opportunity to improve HCC-related outcomes in
patients with cirrhosis and rationalize resource utilization.

HCC surveillance strategies vary by provider type

We also found significant differences in HCC surveillance recommendations by provider
type. Trainees were most likely to order ultrasound alone, while APPs were most likely to
order cross-sectional imaging and screening for patients with annual HCC risks of 0.1% and
0.5%. Reasons for these findings may include incomplete awareness of guidelines, trainees
modeling after the practices of their faculty physicians, and APPs being more concerned
about missing HCC, prompting more aggressive screening. In fact, a recent study also
found that while patients under the care of APPs received more consistent HCC screening,
they also had higher healthcare expenditures, partly driven by cross-sectional imaging.2°
Additional studies are needed to explore the reasons behind specific preferences for HCC
surveillance and how providers understand HCC risk, but these findings suggest that better
education for trainees and APPs may also help standardize screening strategies.

Various factors influence HCC surveillance completion

Similar to prior studies, we also found that barriers to ordering and obtaining HCC
surveillance included limited clinical time and patients’ difficulties with cost of care,
transportation, and scheduling, whereas the presence of HCC-related guidelines was an
important facilitator of surveillance.5 ¢ 16 Several studies have already shown that tailored
interventions such as electronic reminders for providers and mailed invitations to patients
can improve HCC surveillance rates.3% 31 Our findings support the ongoing need to

address health system and patient-level challenges to improve access and adherence to HCC
surveillance even after the order is placed.

Strengths and limitations

Our study has several strengths. We evaluated the attitudes of a nationwide sample of
gastroenterology and hepatology providers on risk-based HCC surveillance, and assessed for
variations in HCC surveillance practices by provider type. Our findings may help inform
future HCC surveillance practices and guidelines. Despite these strengths, we acknowledge

Clin Gastroenterol Hepatol. Author manuscript; available in PMC 2023 January 01.
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several limitations. First, the generalizability of our findings may be limited as a large
proportion of our providers were affiliated with academic institutions and liver transplant
centers. Second, our findings are representative of a convenience sample of U.S. providers;
it is possible that providers more involved in HCC-related care selectively completed the
survey resulting in non-response bias. Response bias inherent to survey design also cannot
be excluded. Lastly, we assessed providers’ attitudes about risk-based surveillance using
clinical scenarios, which may or may not correlate with real-life practices should providers
have access to their patients’ estimated annual risk of HCC. To the best of our knowledge,
we attempted to gather insight into providers’ potential behaviors, but additional studies
assessing the impact of a risk-based surveillance strategy in the real-world, especially in
non-academic and primary care settings, would be helpful in confirming our findings.

In summary, in a national survey of U.S. gastroenterology and hepatology providers,

most recommended semi-annual HCC surveillance in accordance with societal guidelines;
however, when presented with individual patient scenarios, the perceived annual risk

of HCC impacted provider recommendations for surveillance and choice of modality.
Many providers recommended continuing surveillance for patients even when the risk

of developing HCC was <1.5% per year, and the use of CT or MRI-based surveillance

was more likely when providers perceived patients to have a higher annual risk of HCC.
HCC surveillance strategies also varied by provider type, highlighting the importance of
educating providers about existing guidelines to standardize practices. Overall, providers
appear receptive to utilizing a risk-based HCC surveillance strategy, rather than the current
“one-size-fits-all” approach, to personalize HCC surveillance based on patients’ category
of HCC risk. This approach, which may require more objective risk stratification measures
such as biomarker testing, in addition to minimizing multilevel barriers, may improve HCC
surveillance rates in clinical practice.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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What You Need to Know
Background:

Rates of hepatocellular carcinoma (HCC) surveillance in patients with cirrhosis continue
to be suboptimal. Gastroenterology and hepatology providers’ attitudes on risk-based
HCC surveillance are unknown.

Findings:

Providers would recommend HCC surveillance even when annual risk of HCC is low.
Providers are more likely to order cross-sectional imaging over ultrasound as a patient’s
risk of HCC increases.

Implications for patient care:

Many providers appear receptive to implementing a risk-based HCC surveillance strategy
over our current “one-size-fits all” strategy for HCC surveillance.
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You are seeing Patient A and Patient B in clinic.
Neither patient has had any imaging or
laboratory testing in the last 6 months. Which
patient(s) would you order HCC surveillance for?

OPatient A (0.1%l/year) vs Patient B (0.5%/year)
OPatient A (1%lyear) vs Patient B (3%/year)
OPatient A (3%l/year) vs Patient B (5%/year)

99.7
85.9
60.7
27.9
1.0 00 0.0 10.5(|12.8| 0.3 1.3 0.0
Ony Patient A Only Patient B Both Patient Aand B Neither Patient A nor B

Figure 1. Proportion of providers recommending HCC surveillance based on a patient’s

estimated annual risk of HCC
HCC: Hepatocellular carcinoma.
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Figure 2. The impact of patients’ estimated annual HCC risk on providers’ decision to perform

or not perform HCC surveillance

(A) Scenario 1: HCC risk of 0.1%/year vs. 0.5%/year.

(B) Scenario 2: HCC risk of 1%/year vs. 3%/year.
(C) Scenario 3: HCC risk of 3%/year vs. 5%/year.
APP: Advanced practice provider. HCC: Hepatocellular carcinoma.
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Figure 3. Providers’ attitude on estimated annual HCC risk above which surveillance would be
recommended by provider type

(A) Scenario when surveillance capacity is unlimited.
(B) Scenario when surveillance capacity is limited.
APP: Advanced practice provider. HCC: Hepatocellular carcinoma.
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Figure 4. The impact of patients’ estimated annual HCC risk on providers’ choice of HCC
surveillance strategy

(A) All providers. (B) Trainee. (C) Advanced practice provider. (D) Faculty.
AFP: Alpha fetoprotein. CT: Computed tomography. HCC: Hepatocellular carcinoma. MRI:
Magnetic resonance imaging. US: Ultrasound.
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Table 1.

Characteristics of 305 gastroenterology and hepatology providers who completed a web-based survey
regarding their attitudes toward HCC surveillance

Characteristics | N (%) | Characteristics | N (%)
Provider | | Institution |
Male | 150 (49.2) | |
Race/ethnicity Region of U.S.
White, non-Hispanic 160 (52.5) Northeast 44 (14.3)
Black, non-Hispanic 9 (2.95) Midwest 89 (29.0)
Hispanic 18 (5.90) South 60 (19.5)
American Indian/Alaska 1(0.33) West 86 (28.0)
Native 99 (32.5) Unknown 28 (9.12)
Asian/Pacific Islander 18 (5.90)
Other
Provider type Type of clinical practice
Faculty physician 122 (40.0) Academic 252 (82.6)
Advanced practice provider 64 (21.0) Veteran Affairs 25 (8.20)
Trainee 119 (39.0) Safety-net/public 14 (4.59)
Gastroenterology 104 (34.1) Private 14 (4.59)
Advanced/Transplant 15 (4.92)
Hepatology
Provider specialty Liver transplant center 266 (87.2)
Gastroenterology 124 (40.7)
Hepatology 181 (59.3)

Years at current clinical site

<5 years 181 (59.3)
5-10 years 71 (23.3)
11-15 years 24 (7.87)
16-20 years 13 (4.26)
>20 years 16 (5.25)

Years total in practice

<5 years 158 (51.8)
5-10 years 61 (20.0)
11-15 years 30 (9.84)
16-20 years 17 (5.57)
>20 years 39 (12.8)

Time spent on patient care

<25% 16 (5.25)
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Characteristics | N (%) | Characteristics | N (%)
Provider | | Institution |
25-50% 28 (9.18)
51-75% 63 (20.7)
>75% 198 (64.9)
Number of unique patients with cirrhosis seen in clinic in 1 year
None 2 (0.66)
1-25 31(10.2)
26-50 37(12.1)
51-75 38 (12.5)
76-100 36 (11.8)
>100 161 (52.8)
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Current HCC surveillance practices reported by gastroenterology and hepatology providers, stratified by

provider type

Gastroenterologist or Hepatologist

Overall (N=305) | Faculty physician | Advanced practice | Trainee (N=119) P-
(N=122) provider (N=64) value®
Recommended interval for HCC
surveillance
Never 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00) 0.068
Annually 3(0.98) 2 (1.64) 0 (0.00) 1(0.84)
Every 6 months 300 (98.4) 120 (98.4) 62 (96.9) 118
Every 3 months 2 (0.66) 0 (0.00) 2(3.12) (99.2)
Other 0 (0.00) 0 (0.00) 0 (0.00) 0 (0.00)
0 (0.00)
Most commonly recommended test for
HCC surveillance
AFP only 1(0.33) 0 (0.00) 1 (1.56) 0 (0.00) 0.024
Ultrasound only 38 (12.4) 12 (9.84) 2(3.12) 24 (20.2)
Ultrasound + AFP 219 (71.8) 91 (74.6) 48 (75.0) 80 (67.2)
CT or MRI + AFP 32 (10.5) 12 (9.84) 10 (15.6) 10 (8.40)
Other 15 (4.92) 7 (5.74) 3 (4.69) 5 (4.20)
Alternate (Ultrasound vs. CT) + AFP 4(26.7) 1(14.3) 2(66.7) 1(20.0) 0.166
Alternate Ultrasound vs. MRI 5(33.3) 1(14.3) 0 (0.00) 4 (80.0)
Alternate (Ultrasound vs. MRI) + 4(26.7) 3(42.9) 1(33.3) 0 (0.00)
AFP
Alternate Ultrasound vs. CT or MRI 1(6.67) 1(14.3) 0 (0.00) 0 (0.00)
Alternate (Ultrasound vs. CT or MRI) 1(6.67) 1(14.3) 0 (0.00) 0 (0.00)
+ AFP
Provider who should be responsible for
HCC surveillance
Primary care provider 10 (3.28) 5 (4.10) 0 (0.00) 5 (4.20) 0.115
Gastroenterologist or Hepatologist 139 (45.6) 59 (48.4) 35 (54.7) 45 (37.8)
Both primary care and 156 (51.2) 58 (47.5) 29 (45.3) 69 (58.0)

*
P-value considered significant if <0.05

AFP: Alpha fetoprotein. CT: Computed tomography. HCC: Hepatocellular carcinoma. MRI: Magnetic resonance imaging.
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