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Abstract

Suboptimal adherence to guidelines for hepatocellular carcinoma (HCC) sur-
veillance among high-risk patients is a persistent problem with substantial
detriment to patient outcomes. While patients cite cost as a barrier to sur-
veillance receipt, the financial burden they experience due to surveillance
has not been examined. We conducted a retrospective administrative claims
study to assess HCC surveillance use and associated costs in a US cohort
of insured patients without cirrhosis but with hepatitis B virus (HBV) infection,
monitored in routine clinical practice. Of 6831 patients (1122 on antiviral treat-
ment, 5709 untreated), only 39.3% and 51.3% had received any abdominal
imaging after 6 and 12 months, respectively, and patients were up to date with
HCC surveillance guidelines for only 28% of the follow-up time. Completion
of surveillance was substantially higher at 6 and 12months among treated
patients (51.7% and 69.6%, respectively) compared with untreated patients
(36.9% and 47.6%, respectively) (p <0.001). In adjusted models, treated pa-
tients were more likely than untreated patients to receive surveillance (hazard
ratio [HR] 1.75, 95% confidence interval [CI] 1.53-2.01, p <0.001), and the
proportion of those up to date with surveillance was 9.7% higher (95% CI
6.26—13.07, p <0.001). Mean total and patient-paid daily surveillance-related
costs ranged from $99 (ultrasound) to $334 (magnetic resonance imaging),
and mean annual patient costs due to lost productivity for surveillance-related
outpatient visits ranged from $93 (using the federal minimum wage) to $321
(using the Bureau of Labor Statistics wage). Conclusion: Use of current HCC
surveillance strategies was low across patients with HBV infection, and sur-
veillance was associated with substantial patient financial burden. These data
highlight an urgent need for accessible and easy-to-implement surveillance
strategies with sufficient sensitivity and specificity for early HCC detection.
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GAPS IN HEPATOCELLULAR CARCINOMA SURVEILLANCE AMONG INSURED PATIENTS

INTRODUCTION

Hepatocellular carcinoma (HCC) accounts for approx-
imately 75% of primary liver cancer, and is the third
leading cause of cancer deaths worldwide.["? The most
common risk factor for HCC globally is chronic hepatitis
B virus (HBV) infection,'? which can increase HCC risk
even in the absence of cirrhosis.>3 A large randomized
controlled trial among patients with HBV demonstrated
that HCC surveillance significantly increased early
HCC detection and reduced HCC-related mortality.*
These data have informed practice guidelines such as
those issued by the American Association for the Study
of Liver Diseases (AASLD), which recommends HCC
surveillance using abdominal ultrasound with or with-
out alpha-fetoprotein (AFP) every 6 months for patients
with HBV infection with cirrhosis as well as those with-
out cirrhosis at higher risk for HCC—including Asian
or Black men over 40years of age, Asian women over
50years of age, and patients with hepatitis delta virus
coinfection or a first-degree family history of HCC.[>®!
Although HCC has an overall 5-year survival rate of
only 19.6%),!"! patients who are diagnosed at an early
stage may be eligible for curative treatment such as
resection, ablation, or liver transplantation, which in-
creases 5-year survival to 50%—80%.% Unfortunately,
HCC surveillance is widely underused,®='® despite
evidence that it can promote early detection and po-
tentially improve survival among patients with chronic
HBV.A1-201 |n a recent systematic review and meta-
analysis of 22 studies including 19,511 patients with
cirrhosis or chronic viral hepatitis, the adherence rate
to AASLD surveillance guidelines was only 52% overall
and was 39% when limited to retrospective analyses,
which may be a better reflection of real-world practice.[zﬂ
Due in part to such low surveillance rates, most indi-
viduals with HCC are diagnosed at an intermediate or
advanced stage, when the prognosis is much poorer.[22]
Given that suboptimal adherence to HCC surveil-
lance guidelines is a persistent problem with substantial
detriment to patient outcomes, the elucidation of po-
tential barriers to HCC surveillance in routine practice

is an important research goal. Previous assessments
conducted among US patients with HBV infection have
indicated that those who were not under specialist care
were less likely to receive guideline-based HCC surveil-
lance.[3152324 However, the patient-side financial burden
of surveillance—which many patients cite as a significant
barrier to surveillance receipt[25'26]—has not been previ-
ously examined. The present study was conducted to as-
sess HCC surveillance use and associated costs in a US
cohort of insured patients without cirrhosis but with HBV
infection, monitored in routine clinical practice.

METHODS
Study design and data source

This was a retrospective observational study con-
ducted using administrative claims data from the Optum
Research Database (ORD) from January 1, 2013, through
December 31, 2018 (study period; Figure 1). The ORD
is geographically diverse across the United States and
contains deidentified medical and pharmacy claims data
and linked enrollment information for individuals enrolled
in US health plans. Medical claims include diagnosis and
procedure codes from the International Classification of
Diseases, 9th and 10th Revisions, Clinical Modification;
Current Procedural Terminology or Healthcare Common
Procedure Coding System codes; site of service codes;
paid amounts; and other information. Pharmacy claims
include drug name, national drug code, dosage form,
drug strength, fill date, and financial information for health
plan—provided outpatient pharmacy services. Because
no identifiable protected health information was ac-
cessed in the conduct of this study, institutional review
board approval or waiver of approval was not required.

Patient selection

The study included commercial insurance enroll-
ees and Medicare Advantage with Part D (MAPD)

Patient identification period

|

[

)

Index date
01 Jan 01 Jan (first HBV claim) 31 Dec 30 Jun
2013 2014 2018 2019
I Yy l I rya I
1 7/ 1 !, — T = 1 T | v/ T

12-month
baseline period

FIGURE 1

26-month
follow-up period

Study design schematic. The 12-month baseline period was designed to capture previous hepatocellular carcinoma (HCC)

screening. A minimum 6-month follow-up period was chosen to allow sufficient opportunity for guideline-recommended HCC screening to

occur. HBV, hepatitis B virus
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beneficiaries with two or more claims for HBV and no
claims for cirrhosis (Table S1) from January 1, 2014,
through December 31, 2018 (patient identification pe-
riod; Figure 1). The date of the first qualifying claim for
HBV was designated as the index date. The 12months
before the index date were designated as the base-
line period. Included patients were also required to
be 40years old or older for men, or50years or older
for women, on the index date; and to have continuous
health plan enrollment with medical and pharmacy ben-
efits during the baseline and follow-up periods. Those
with claims evidence of liver cancer (two or more non-
diagnostic claims with diagnosis codes for liver can-
cer=30days apart within a 365-day period) or liver
transplantation during the baseline period or on the
index date were excluded from the study (Table S1).

Patients were observed for at least 6 months, be-
ginning on the index date and ending at the earlier
of disenroliment from the health plan or the end of
the study period. Patients with medical or pharmacy
claims for HBV treatments (adefovir dipivoxil, ente-
cavir, interferon alfa-2b, lamivudine, peginterferon
alfa-2a, telbivudine, tenofovir disoproxil, or tenofovir
alafenamide fumarate) any time between the start
of the baseline period and the end of the follow-up
period were categorized as treated, whereas others
were categorized as untreated. Follow-up for study
outcomes was truncated at liver cancer diagnosis or
liver transplantation.

Study variables

Patient demographic and clinical characteristics meas-
ured during the baseline period included age, sex,
US census region, insurance type, baseline Quan-
Charlson comorbidity score,?’! paseline comorbidities
identified using Clinical Classifications Software from
the Agency for Healthcare Research and Quality,?®
and prior HCC surveillance. Health care provider spe-
cialty was captured from claims with diagnosis codes
for HBV during the follow-up period.

HCC surveillance events

HCC surveillance events (abdominal ultrasounds,
magnetic resonance imaging [MRI] scans, computed
tomography [CT] scans, and AFP tests) were identified
from claims data. AFP tests occurring within 14 days
of an ultrasound were considered to accompany the
ultrasound. As a sensitivity analysis, AFP tests occur-
ring within 60 days of an ultrasound were also captured.
Surveillance events that included any abdominal imag-
ing were considered to be complete, while events that
included only AFP were considered incomplete.

Proportion of days covered

The proportion of follow-up time during which patients
were up to date with recommended HCC surveillance
was assessed using proportion of days covered (PDC),
which was calculated as (days covered)/(days of follow-
up). Any abdominal imaging was considered to provide
6 months of days covered. PDC was analyzed sepa-
rately for all patients and for patients with evidence of
any surveillance during the follow-up period.

Cost outcomes

Cost outcomes were analyzed during the first surveil-
lance episode among patients with no inpatient admis-
sion or emergency room visit during the follow-up period.
The first surveillance episode was defined as the first
outpatient surveillance event during follow-up plus out-
patient surveillance events within the following 60days.
For each surveillance mechanism, the mean and me-
dian daily costs during the first surveillance episode
were calculated as health plan—paid and patient-paid
amounts. For patients with ultrasound plus AFP test-
ing, costs on the day of the AFP test were added to the
costs on the day of the ultrasound if the tests occurred
on different days. All combinations of surveillance types
that occurred on the same day were assessed; however,
data are shown only for ultrasound plus AFP, as very
few surveillance days included any other combinations
(nine other combinations totaling only 1.1% of surveil-
lance days, with no single combination exceeding 0.3%).
Yearly patient productivity costs due to surveillance-
related outpatient health care encounters were esti-
mated by assuming 4 working hours lost per outpatient
visit, multiplied by the patient's estimated average wage
derived from the US Bureau of Labor Statistics (BLS)
datal®® and the federal minimum wage.2® Costs were
adjusted to 2018 USD using the annual medical care
component of the Consumer Price Index."!

Statistical analysis

Study variables were analyzed descriptively. Numbers
and percentages were provided for categorical variables;
means, medians, and SDs were provided for continu-
ous variables. Time to follow-up surveillance events and
the censoring-adjusted proportion of patients receiving
surveillance during the follow-up period were evaluated
using Kaplan—Meier analysis. Proportional hazards mod-
els were used to evaluate the effect of baseline provider
specialty on receipt of surveillance. An ordinary least
squares model was used to evaluate the effect of baseline
provider specialty on PDC among patients with at least
one follow-up surveillance event. All multivariable models
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n=16,091

Commercial and MAPD enrollees with medical and
pharmacy benefits and evidence of HBV? from 01 Jan
2014 through 31 Dec 2018 (identification period)
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FIGURE 2 Patient identification and attrition. ?At least two nondiagnostic claims for HBV in any position on different dates during the
identification period and age=40years on the claim if male or age=50years on the claim if female (only required on the second of the two
claims; the first claim that meets the age criteria is the index date). PAt least two nondiagnostic claims 230days apart in positions 1 or 2 on
the claim. °At least one claim in any position. “Medical or pharmacy claims for HBV treatments (adefovir dipivoxil, entecavir, interferon alfa-
2b, lamivudine, peginterferon alfa-2a, telbivudine, tenofovir disoproxil, or alafenamide fumarate) any time between the start of the baseline
period and the end of the follow-up period. MAPD, Medicare Advantage with Part D

were adjusted for treatment status, age group, sex, geo-
graphic region, presence of high-deductible health plan,
baseline Charlson comorbidity score category, and select
comorbidities; the ordinary least squares model was also
adjusted for follow-up length. To examine follow-up sur-
veillance from a similar starting point, Kaplan—Meier and
multivariable analyses were performed among patients
without surveillance during the baseline period. All re-
sults were stratified by treated versus untreated patients.
Statistical analyses were performed using SAS software
version 9.4 (SAS Institute). Statistical significance was
defined as p <0.05.

RESULTS
Study population
Of 16,091 potential patients with HBV infection, 6831

met the study inclusion criteria (Figure 2). There were
1122 patients in the treated cohort (16.4%) and 5709 in

the untreated cohort (83.6%) (Table 1). In the total pa-
tient population, mean (SD) age was 60.1 (11.7) years,
64.1% were male, and 43.1% had MAPD insurance. A
higher proportion of treated versus untreated patients
was from the Northeast (30.2% vs. 25.0%; p <0.001),
whereas a higher proportion of untreated patients was
seen in the South (40.7% of untreated patients vs.
36.9% of treated patients; p = 0.016). Although mean
(SD) baseline Charlson comorbidity scores were higher
for treated patients (2.4 [1.9] compared with 1.9 [2.1]
for untreated; p <0.001), the prevalence of several
common comorbidities was significantly higher among
untreated patients, including hypertension (51.6% vs.
46.4%; p = 0.002), connective tissue disease (34.5%
vs. 27.1%; p <0.001), and back disorders (30.7% vs.
24.9%; p <0.001).

Only 43.3% of patients had evidence of HCC surveil-
lance during the baseline period, with ultrasound being
the most common modality (33.2%) followed by AFP
(29.4%). The proportion of patients with prior surveil-
lance was almost twice as high among treated versus
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TABLE 1 Patient demographic and clinical characteristics
Total Treated Untreated Treated vs.
Characteristics (n =6831; 100.0%) (n =1122; 16.4%) (n =5709; 83.6%) untreated p value
Age, years (mean [SD]) 60.1 (11.7) 58.8 (11.9) 60.3 (11.7) <0.001
Male sex (n [%]) 4375 (64.1) 762 (67.9) 3613 (63.3) 0.003
Geographic region (n [%])
Northeast 1767 (25.9) 339 (30.2) 1428 (25.0) <0.001
Midwest 947 (13.9) 125 (11.1) 822 (14.4) 0.004
South 2740 (40.1) 414 (36.9) 2326 (40.7) 0.016
West 1375 (20.1) 244 (21.8) 1131 (19.8) 0.139
Other 2(0.0) 0 (0.0) 2(0.0) 0.531
MAPD insurance (n [%])? 2944 (43.1) 401 (35.7) 2543 (44.5) <0.001
Baseline Quan-Charlson comorbidity 2.0(2.1) 4(1.9) 9(2.1) <0.001
score (mean [SD])
Top 10 baseline AHRQ comorbidities
(n [%])°
Hypertension 3464 (50.7) 521 (46.4) 2943 (51.6) 0.002
Dyslipidemia 3272 (47.9) 510 (45.5) 2762 (48.4) 0.073
Diseases of the heart® 2424 (35.5) 367 (32.7) 2057 (36.0) 0.457
Diseases of the urinary system® 2453 (35.9) 399 (35.6) 2054 (36.0) 0.034
Nontraumatic joint disorders 2393 (35.0) 313 (27.9) 2080 (36.4) 0.790
Diabetes mellitus 2313 (33.9) 361 (32.2) 1952 (34.2) <0.001
Eye disorders 2294 (33.6) 378 (33.7) 1916 (33.6) 0.933
Connective tissue disease other 2272 (33.3) 304 (271) 1968 (34.5) <0.001
than SLE
Lower respiratory disease® 2154 (31.5) 330 (29.4) 1824 (32.0) 0.094
Spondylosis, intervertebral disc 2029 (29.7) 279 (24.9) 1750 (30.7) <0.001
disorders, and other back
problems
Baseline surveillance (n [%])f
Any 2957 (43.3) 755 (67.3) 2202 (38.6) <0.001
Ultrasound 2270 (33.2) 585 (52.1) 1685 (29.5) <0.001
AFP 2010 (29.4) 600 (53.5) 1410 (24.7) <0.001
MRI 189 (2.8) (4 9) 134 (2.4) <0.001
CT 122 (1.8) 8 (2.5) 4 (1.7) 0.050
Gastroenterologist visit (n [%])°
Baseline 2284 (33.4) 627 (55.9) 1657 (29.0) <0.001
Follow-up 2454 (35.9) 706 (62.9) 1748 (30.6) <0.001

Abbreviations: AHRQ, Agency for Healthcare Research and Quality; MAPD, Medicare Advantage with Part D, NAFLD, nonalcoholic fatty liver disease; SLE,

systemic lupus erythematosus.

@Patients without MAPD insurance were covered by commercial plans.

Top 10 most prevalent AHRQ comorbidities in the total population are shown, excluding liver disease and viral infection.
°Includes valve disorders, cardiomyopathy, myocarditis, angina, myocardial infarction, coronary atherosclerosis, pulmonary heart disease, conduction
disorders, dysrhythmias, ventricular fibrillation, and heart failure.
9Includes renal failure; chronic kidney disease; urinary tract infections and kidney infections; and other diseases of the kidneys, bladder, and urethra.

°Does not include lung disease due to external agents (e.g., environmental lung disease or lung conditions due to fumes or chemicals).
Not mutually exclusive; patients may have received more than one type of baseline surveillance.

9Provider specialty was captured from claims with diagnosis codes for cirrhosis during the baseline and follow-up periods. Patients could have received
baseline or follow-up care from more than one type of provider.

untreated patients (67.3% vs. 38.6%; p <0.001). Overall,
33.4% of patients received health care from a gastro-
enterologist (Gl) during the baseline period, and 35.9%
received Gl care during follow-up. The proportion of

patients with a Gl visit was also almost twice as high
for treated versus untreated patients (55.9% vs. 29.0%
during baseline; 62.9% vs. 30.6% during follow-up;
p <0.001 for both).
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FIGURE 3 Completed follow-up surveillance events. Surveillance events that included any abdominal imaging were considered to be

complete. p<0.001 for difference among survival curves.

Study outcomes
HCC surveillance events

The proportions of patients who received any ab-
dominal imaging (ultrasound, CT, or MRI regardless
of AFP) during follow-up were 39.3% and 51.3% at
6 and 12months, respectively (Figure 3), with com-
pletion of abdominal imaging being substantially
higher at 6 and 12months among treated patients
(51.7% and 69.6%, respectively) compared with un-
treated patients (36.9% and 47.6%, respectively)
(p <0.001). Results were similar when considering
only ultrasound + AFP, with 36.0% and 48.1% of pa-
tients overall completing any abdominal ultrasound
at 6 and 12months, respectively, and higher receipt
among treated patients (45.7% and 65.2%, respec-
tively) compared with untreated patients (34.1% and
44.7%, respectively) (p <0.001) (Figure 4A). The
proportions of patients who received ultrasound with
AFP were even lower overall (13.9% and 19.6% at 6
and 12months, respectively), although receipt was
still higher among treated versus untreated patients
at both time points (p <0.001) (Figure 4B).

Notably, a relatively large proportion of patients re-
ceived AFP alone: 24.2% at 6 months and 32.5% at
12months (Figure 4C). In a sensitivity analysis that
increased the time permitted between ultrasounds
and AFP tests from 14 days to 60days, the overall
proportion of patients receiving AFP alone remained
substantial: 22.0% and 29.3% at 6 and 12months,
respectively.

Proportion of days covered

Overall, patients’ PDC with imaging-based HCC sur-
veillance was only 0.28 (SD 0.30) during the follow-up
period (Figure 5A). PDC was higher for treated versus
untreated patients (0.43 vs. 0.25; p <0.001). In the sub-
set of individuals with at least one surveillance event
during follow-up (n = 4250), PDC was 0.45 (SD 0.26)
and was higher for treated versus untreated patients
(PDC 0.53 vs. 0.43; p <0.001) (Figure 5B).

Factors associated with HCC surveillance

In a proportional hazards model adjusted for treat-
ment status, patient demographics, presence of high-
deductible health plan, baseline Charlson comorbidity
score category, and select comorbidities, patients with
treated HBV were more likely to receive HCC surveil-
lance during follow-up compared with untreated pa-
tients (hazard ratio [HR] 1.75, 95% confidence interval
[CI] 1.53-2.01, p <0.001) (Table 2). Younger age
and Northeast or West/Other geographic region (vs.
South) were associated with increased follow-up sur-
veillance, whereas higher baseline comorbidity bur-
den was associated with lower surveillance receipt.
The effect of baseline gastroenterology care was not
significant (95% CI 0.99-1.24; p = 0.068) (Table 2).

In an ordinary least squares model adjusted for treat-
ment status, patient demographics, presence of high-
deductible health plan, baseline Charlson comorbidity
score category, select comorbidities, and follow-up
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FIGURE 4 Follow-up ultrasound and AFP testing surveillance events. (A) Any abdominal ultrasound (talpha-fetoprotein [AFP]).
(B) Abdominal ultrasound + AFP. (C) AFP only. In each panel, p<0.001 for difference among survival curves.

length, PDC during follow-up was 9.7% higher for = 40-50years versus those aged=65 (95% CI 1.25-
treated versus untreated patients (95% CI 6.26—13.07; 7.21; p = 0.005) (Table 3). In contrast, PDC was 3.2%
p <0.001) and was 4.2% higher for patients aged lower for patients with baseline Charlson comorbidity
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FIGURE 5 Follow-up proportion of days covered (PDC). (A) PDC among all patients (n = 6831). (B) PDC among patients with follow-up

surveillance (n = 4250). Error bars represent 1 SD. *p<0.001

scores =3 compared with scores of 0 (95% CI| -6.26
to —0.07; p = 0.045). Longer follow-up length was also
associated with lower PDC, but this decrease was likely
too small to be clinically relevant (-0.03%, 95% CI
—-0.03 to -0.03; p <0.001). The effect of baseline gas-
troenterology care on PDC was not significant (1.08%
increase, 95% CI -1.36 to 3.53; p = 0.386) (Table 3).

Cost outcomes

Total and patient-paid mean daily costs of outpatient
surveillance were highest for MRI only ($1717 and
$334, respectively) and lowest for ultrasound only
($415 and $99, respectively) (Figure 6A). Total median
daily costs were lower than mean daily costs due to
a skewed distribution, but remained highest for MRI
only ($1261) and lowest for US only ($234) (Figure 6A).
Daily surveillance costs were not appreciably different
between treated and untreated patients (Table S2).

Overall, the estimated mean (SD) yearly patient
productivity costs of outpatient surveillance using
BLS wage data and the federal minimum wage were
$321 ($609) and $93 ($176), respectively (Figure 6B).
Productivity costs were higher for treated versus un-
treated patients: $409 ($811) versus $297 ($538) using
BLS wage data, and $119 ($235) versus $86 ($156)
using the federal minimum wage (p = 0.002 for both)
(Figure 6B).

DISCUSSION

Routine surveillance is essential for patients with
chronic HBV infection—including those without cir-
rhosis, who generally have well-preserved hepatic

function and are therefore more likely to be eligible for
curative treatments if diagnosed with HCC at an early
stage.[5'6*32] However, in this study we found that after
6 months of follow-up, only 36% of individuals without
cirrhosis but with HBV infection had received an ab-
dominal ultrasound (the primary recommended HCC
surveillance modality), and close to half of patients had
received no abdominal imaging at all. Although surveil-
lance was significantly higher among those with evi-
dence of HBV treatment versus untreated individuals
(45.7% vs. 341% at 6 months and 65.2% vs. 44.7%
at 12months), it was still notably underused even in
the former group, which would presumably include the
highest-risk patients. Moreover, patients who under-
went surveillance experienced a substantial financial
burden, with mean out-of-pocket costs ranging from
$99 to $334 on the day of surveillance, depending on
modality, and sizeable annual productivity costs.

Survey data indicate that many patients perceive
cost as a significant barrier to HCC surveillance re-
ceipt.[25'26] The present study quantitatively assesses
the patient financial burden associated with HCC sur-
veillance among individuals with HBV without cirrhosis
in the United States.®¥ As in our previous analysis con-
ducted among patients with cirrhosis,®¥ health plans
paid the majority of costs for surveillance-related visits
but patients' out-of-pocket expenses remained high,
particularly for MRI and CT surveillance. The estimated
yearly patient productivity costs of $321 (using BLS
wage data) were markedly lower than the $1471 we ob-
served previously for patients with cirrhosis and HBV
infection[s‘”—likely attributable to patients with versus
without cirrhosis being sicker and requiring more test-
ing, higher-intensity care, and more frequent outpatient
visits®®*'—but would nevertheless constitute a substan-
tial burden for many Americans.
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TABLE 2 Proportional hazards model of surveillance receipt
Univariable unadjusted model Multivariable adjusted model
HR of surveillance receipt HR of surveillance receipt

Independent variable (95% Cl) p value (95% ClI) p value
Baseline gastroenterologist® 1.05 (0.94-1.17) 0.376 1.11 (0.99-1.24) 0.068
HBV

Untreated Reference Reference

Treated 1.76 (1.54-2.00) <0.001 1.75 (1.53-2.01) <0.001
Age group, years

65+ Reference Reference

51-64 1.33 (1.2-1.48) <0.001 1.34 (1.2-1.49) <0.001

40-50 1.79 (1.59-2.01) <0.001 1.65 (1.45-1.89) <0.001
Sex

Female Reference Reference

Male 1.13 (1.03-1.24) 0.009 1.03 (0.93-1.14) 0.550
Geographic region

South Reference Reference

Northeast 1.2 (1.07-1.35) 0.002 1.27 (1.13-1.43) <0.001

Midwest 0.94 (0.82-1.07) 0.36 0.96 (0.84-1.09) 0.498

West or Other 1.31 (1.16-1.48) <0.001 1.17 (1.03-1.32) 0.013
High-deductible health plan

No or missing info Reference Reference

Yes 1.27 (1.14-1.43) <0.001 1.02 (0.9-1.15) 0.799
Baseline Charlson comorbidity score

category

0 Reference Reference

1-2 0.74 (0.66-0.82) <0.001 0.78 (0.69-0.87) <0.001

3+ 0.52 (0.46-0.58) <0.001 0.55 (0.48-0.63) <0.001
Baseline viral infection® 0.76 (0.69-0.84) <0.001 0.87 (0.78-0.97) 0.014
Baseline liver disease” 1.24 (1.1-1.41) 0.001 1.46 (1.28-1.66) <0.001

Abbreviations: Cl, confidence interval; HR, hazard ratio.
2Gastroenterologist visit during the baseline period.

Pldentified using Clinical Classifications Software from the Agency for Healthcare Research and Quality.

We also found that a substantial proportion of patients
with HBV infection received only AFP testing during fol-
low-up. AFP testing in the absence of abdominal im-
aging is not a guideline-recommended mechanism for
HCC surveillance; however, its frequent use may sug-
gest broad acceptance of blood-based screening tests
on the part of providers and patients alike. Taken to-
gether with our cost findings, these results point to the
development of blood-based biomarkers as a poten-
tial avenue for improving HCC surveillance underuse
and increasing test effectiveness in this population.ml
Compared with imaging, blood tests are generally more
accessible and require minimal time commitment.B7!
Furthermore, as they are a familiar feature of routine
primary care visits for many patients, inclusion of an-
other test on the panel would require no additional ef-
fort or productivity loss, potentially decreasing barriers
to surveillance. This may be particularly relevant for

[27]

patients with HBV infection, who typically undergo reg-
ular blood-based assessments to monitor HBV status.
The development of novel biomarkers may also rep-
resent a cost-effective way to expand HCC screening
to other groups that are not included in current HCC
surveillance recommendations but have been found
to have increased risk, such as men under age 40 or
women under age 50 with chronic HBV infection but
not cirrhosis.®

The findings of this study also augment a large body
of existing evidence that surveillance is underused
among multiple subgroups of patients at high risk
for HCC.[®1214.21.33] |nterestingly, adherence to sur-
veillance guidelines in the present study was similar
to that observed in our previous analysis conducted
among patients with cirrhosis, in which 34% had re-
ceived an abdominal ultrasound at 6 months.!3%34
This outcome was somewhat surprising, as patients
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TABLE 3 Ordinary least squares model of PDC

PDC? for follow-up

Independent variable imaging (95% CI) p value
Baseline 1.08 (-1.36 to 3.53) 0.386
gastroenterologistb
HBV
Untreated Reference -
Treated 9.66 (6.26—13.07) <0.001
Age group, years
65+ Reference -
51-64 1.96 (-0.52 to 4.45) 0.005
40-50 4.23 (1.25-7.21) 0.005
Sex
Female Reference -
Male 1.51 (-0.66 to 3.68) 0172
Geographic region
South Reference -
Northeast 1.29 (-1.26 to 3.84) 0.321
Midwest -0.25 (-3.31 t0 2.80) 0.871
West or Other 2.25(-0.551t0 5.04) 0.116
High-deductible health
plan
No or missing info Reference -
Yes -2.39 (-5.06 to 0.29) 0.081
Baseline Charlson
comorbidity score
category
0 Reference -
1-2 1.11 (-1.43 to 3.64) 0.393
3+ -3.17 (-6.26 to -0.07)  0.045
Baseline viral infection® -1.40 (-3.89 to 1.10) 0.272
Follow-up length -0.03 (-0.03t0 -0.03)  <0.001

®PDC is presented on a 0—100 scale and calculated among patients with at
least one follow-up surveillance event.

bGastroenterologist visit during the baseline period.

‘Identified using Clinical Classifications Software from the Agency for
Healthcare Research and Quality.?”) Includes alcohol-related liver disease,
liver cirrhosis without mention of alcohol, liver abscess and sequelae of
chronic liver disease, ascites, and other/unspecified liver disorders.

with HBV infection without cirrhosis have previously
been reported to have lower adherence to HCC
surveillance guidelines, despite having high HCC
risk.'21% As these earlier studies were conducted in
2009 and 2014, respectively, this could suggest that
some progress has been made in reducing surveil-
lance underuse among patients with HBV in the past
decade.

We found that receipt of Gl care during the baseline
period did not have a significant effect on adherence
to recommended surveillance in the present analysis.
This was in contrast to our previous study and others,
which have found specialist care to be associated
with improved adherence.['21319:3439] Gjyen that HBV

is often managed by Gls and we found that treated pa-
tients had significantly higher follow-up surveillance
than untreated patients, we hypothesize that HBV
treatment status may essentially have functioned as a
surrogate for guideline-concordant provider behavior
due to collinearity between HBV treatment status and
provider specialty. Our findings may also reflect pro-
viders' assessment of patient risk, as providers may
have been more likely to recommend surveillance for
patients perceived to be at high risk for liver-related
outcomes (such as those whose HBV was sufficiently
progressed to warrant antiviral treatment). However,
it should be noted that substantial underuse of sur-
veillance was observed even among HBV-treated pa-
tients, who are presumably at high risk for HCC.

Geographic region also had a significant effect on
HCC surveillance adherence in the present study,
with patients located in the Northeast or West being
more likely to have surveillance during follow-up than
those in the South. We speculate that these findings
are due to regional differences in distribution of both
patients and providers. Although information on pa-
tient race and ethnicity was not available in this anal-
ysis, the burden of HBV in the United States is known
to fall disproportionately on foreign-born individuals,
who constitute an estimated 60%—-70% of those liv-
ing with HBV and are primarily of Asian or African
origin.[4°‘44] As these high-risk populations are con-
centrated in the northeastern and western United
States,*% it is plausible that HBV awareness and/or
availability of care providers with knowledge of HBV
management and HCC surveillance guidelines would
be higher in these regions than in the South. In addi-
tion, localities with sizeable foreign-born populations
have been targeted for community-based HBV out-
reach programs that have been shown to increase
awareness of HBV and facilitate linkage to care for
infected individuals. ¢~

Notably, older age and higher baseline comorbidity
burden were significantly associated with lower HCC
surveillance. These findings suggest that the chal-
lenges involved in managing multiple conditions for
patients who are in poorer health may increase the like-
lihood that surveillance recommendations will be over-
looked—a concerning possibility, given that increased
age is a risk factor for HCC.®! Conversely, this finding
may reflect appropriate provider decisions regarding
the lower value of HCC surveillance in patients with a
high competing risk of mortality.[50]

Study limitations

The results of this study should be considered in light
of several limitations. First, surveillance estimates were
modeled in a population that was screening-naive dur-
ing the baseline period; however, surveillance receipt
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FIGURE 6 HCC surveillance costs. Cost outcomes were calculated among patients with no inpatient stay or emergency room visit
during the follow-up period (n = 2570). (A) Daily costs for completed outpatient surveillance. (B) Yearly patient productivity costs for
completed outpatient surveillance. For both wage calculations, p = 0.002 for difference between treated and untreated patients. CT,
computed tomography; MRI, magnetic resonance imaging; US, ultrasound

may be higher among patients with prior surveillance
before the index date. Second, the presence of a diag-
nosis code on a claim is not proof of disease, as codes
may have been entered incorrectly or included as rule-
out diagnoses. Patient misidentification was minimized
by requiring at least two nondiagnostic claims for HBV
during the identification period; however, this may have
caused surveillance to be overestimated, as patients
with only one HBV code were excluded. Third, informa-
tion on factors that contribute to HCC risk and may af-
fect screening recommendations for patients with HBV
infection (e.g., patient racel/ethnicity, hepatitis delta
virus infection) were not available for this study, and
while diagnosis codes for family history of HCC exist,
they were not included in this analysis as it is unclear to
what extent they would have been captured in the 12-
month baseline period. Without these data, itis possible
that some patients who did not meet HCC surveillance
criteria were inadvertently included in the study popula-
tion. This may be particularly true of untreated patients,
which may have contributed to the lower estimates of
surveillance receipt observed for this group. Fourth,

while blood tests may generally require less time than
imaging-based surveillance, a standard estimate of 4
work hours lost per encounter was used for all surveil-
lance methods in the patient productivity cost calcula-
tions to help account for factors such as travel time and
work hours lost by individuals providing transportation
assistance; this may underestimate the cost differential
between imaging-based and blood test—based surveil-
lance. In addition, it was not possible for this study to
distinguish the ancillary costs of services that occurred
on the same day as the AFP laboratory test, includ-
ing phlebotomy and other charges related to testing
or office visits. Together, these factors may have led
to overestimation of costs for AFP testing. Finally, be-
cause this analysis was conducted in a US population
with commercial or MAPD insurance, study results may
not be generalizable to populations such as patients
who are uninsured, enrolled in Medicaid, or outside
the United States. However, uninsured or underinsured
populations may have more barriers to medical care
overall, potentially resulting in even poorer adherence
to HCC surveillance.
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CONCLUSIONS

Patients with HBV infection experienced substantial
economic burden due to health care encounters related
to HCC surveillance. Furthermore, HCC surveillance
was low in this patient population, potentially mitigat-
ing surveillance effectiveness in clinical practice. The
development of accessible and easy-to-implement
biomarkers with sufficient accuracy for effective early-
stage HCC detection could help reduce barriers to pa-
tient adherence and thereby improve implementation of
surveillance programs.
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