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Tdisrupted healthcare use, including routine outpa-
tient care. Although many have postulated that major gaps in
cancer surveillance are occurring across the United States,
few studies have evaluated these changes objectively. This
issue is of special concern to patients with cirrhosis who
require frequent liver imaging to screen for hepatocellular
carcinoma (HCC), a disease with high morbidity, mortality,
and cost.1 As health centers begin to reexpand clinical oper-
ations, it is critical to understand ongoing trends in imaging
resurgence and risk factors for inadequate surveillance to
identify high-risk groups for extended lapses in care.We used
national Veterans Health Administration (VHA) data to study
pandemic-related changes in the volume of HCC surveillance
and to identify variables associated with surveillance
completion during the period of care resurgence.

Methods
Study Design and Ascertainment of Exposures
and Outcomes

We performed a retrospective cohort study using data from
the VHA comprising 127 health centers across the United
States. We used a longitudinal cohort of patients with cirrhosis
identified between 2008 and 2016 using prior methods2–4 and
excluded those with liver transplantation. This study received
Institutional Review Board approval from the Corporal Michael
J. Crescenz VA Medical Center, Philadelphia.

Completed HCC surveillance studies (ultrasound, contrast-
enhanced magnetic resonance imaging, or computed tomogra-
phy) were ascertained for each patient from September 1, 2018
to September 22, 2020 using previously published methods.5

Patient-level data (demographics, comorbidities, etiology of
liver disease, distance to center), center-level data (US region,
academic center, rurality), and completed outpatient appoint-
ments with primary care providers (PCPs) or gastroenterology/
hepatology (GI/Hep) providers in the 6 months before sur-
veillance due date were obtained. Visits were further classified
as in-person or telemedicine using designated VHA clinic codes.

The primary outcome was completion of HCC surveillance
imaging during the months of the pandemic, defined as March 1,
2020 through September 22, 2020 (date ofmaximum follow-up).
The “due month” for HCC surveillance was determined based on
a 6-month interval from the previously completed imaging study
(thus requiring imaging data beginning in September 1, 2018),
consistent with national guidelines.6 A grace period of 1 month
was allowed for classification of completed HCC surveillance.

Statistical Analysis
Weekly volumes of HCC imaging surveillancewere plotted for

2019 and 2020; plots stratified by imaging modality and setting
(outpatient/inpatient) were also provided in 2020. The propor-
tion of patients completing HCC surveillance for each due month
during the pandemic was compared between 2019 and 2020
using bar graphs, and state-level changes in 2020 completion
proportions were displayed geographically for the continental
United States. Standard descriptive statistics were then reported
for patients who di and did not complete HCC surveillance. Linear
regression was used to identify shifts in imaging volumes ac-
counting for secular trends, and multivariable logistic regression
was used to identify risk factors associated with completion of
HCC surveillance. The variables shown in Supplementary Table 1
were considered as potential predictors. Outpatient visits were
treated as a multilevel categorical variable (PCP in-person, PCP
telemedicine, GI/Hep in-person, GI/Hep telemedicine), where the
most recent visit beforeHCCsurveillanceduedatewas considered
in models. Further details are provided in the Supplementary
Methods. Data management and analyses were performed using
Stata 15.1/IC (StataCorp, College Station, TX).

Results
National Changes in HCC Surveillance

There was a significant decline in weekly HCC surveil-
lance during the early pandemic (–160.6 studies per week, P
< .001), with gradual but incomplete return to prepandemic
baseline through the date of maximum follow-up (þ25.1
studies a week, P < .001, Figure 1A). When stratified by due
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Figure 1. Changes in HCC imaging surveillance studies in the VHA during the coronavirus disease 2019 (COVID-19) pandemic.
(A) Changes in weekly volumes of HCC surveillance studies in 2019 and 2020. In 2020, there was a significant decline in
surveillance imaging from weeks 10–15 (early COVID-19 period) and a gradual increase in the later COVID-19 period (weeks 15
onward). (B) Proportion of HCC surveillance studies completed by month due in both 2019 and 2020. Calculations incorporate
a 1-month grace period for study completion. For example, if HCC surveillance was due in June, it was considered to be
completed if performed in July. Each comparison of proportions between 2020 and 2019 was statistically significant at the P <
.0001 level. (C) Changes in weekly volume of HCC surveillance studies as stratified by imaging modality in 2020. (D) Changes
in weekly volume of HCC surveillance studies as stratified by outpatient vs inpatient imaging location. (E) State-level changes
in the proportion of completed HCC surveillance studies during the pandemic months in 2020.
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month, the proportion of patients completing HCC surveil-
lance remained significantly lower in 2020 vs 2019 for each
month (each P < .0001, Figure 1B). In 2020, declines in each
surveillance imaging modality and setting were observed in
the early pandemic (each b < 0, P < .001; Figure 1C and D).
Declines and resurgence in surveillance completion were
observed in all US regions (Figure 1E).
Variables Associated With Surveillance
Completion

We identified 15,480 patients due for HCC surveillance
during the pandemic (Supplementary Table 1), of whom 5471
(35.3%) completed surveillance on time and 1392 (9.0%)
were late (median time from prior imaging, 8.5 months
[interquartile range, 7.8–9.7]). In multivariable analysis
(Supplementary Table 2), increased odds of surveillance
completion were associated with age � 60 years (odds ratio
[OR], 1.13 vs <60 years; 95% confidence interval [CI], 1.01–
1.27), cirrhosis decompensation (OR, 1.26; 95%CI 1.17–1.36),
and later 2020 month (eg, OR for August vs March, 2.85; 95%
CI, 2.51–3.23). Patients with a shorter interval from last
appointment to due date, in-person visits, and GI/Hep tele-
medicine visits also had increased odds of surveillance
completion, although themost strongly associatedwasGI/Hep
in-person visits (vs none: OR, 2.75; 95% CI, 2.30–3.29).
Discussion
In this nationwide VHA study of patients with cirrhosis,

we observed a significant decline in HCC surveillance during
the early pandemic. Although the proportion of patients
completing surveillance increased each month since April
2020, the rates through August 2020 have remained <50%,
far below rates in 2019. Finally, we identified several
important risk factors for incomplete surveillance during
the pandemic and found that in-person GI/Hep visits were
strongly associated with imaging completion.

There are significant clinical implications of our findings.
Delays in HCC surveillance are well known to increase the
risk of advanced HCC presentations, which may have limited
therapeutic options.7,8 Thus, it is critical to identify patients
for whom targeted outreach efforts may facilitate catch-up
surveillance. This may include patients aged < 60 years,
those with compensated cirrhosis, care at a nonacademic
institution, and those with long intervals from last
appointment to surveillance due date. In general, any
outpatient contact appeared to improve the odds of sur-
veillance completion, although this was especially true of
GI/Hep visits. Although in-person visits were more strongly
associated with surveillance completion, it is important to
highlight that GI/Hep telemedicine visits conferred a higher
odds of completion than in-person PCP visits, underscoring
the importance of specialty follow-up where available and
the potential role of telemedicine to extend access to care.

This study has limitations, including external validity of
findings outside the VHA cohort and possible misclassifica-
tion of exposures and outcomes (ie, imaging studies per-
formed outside the VHA). Notwithstanding, we observed a
significant lapse in HCC surveillance, trends that likely extend
to other quality metrics, and have identified patient and
practice characteristics that may be used to target surveil-
lance efforts relevant during the pandemic and beyond.

Supplementary Material
Note: To access the supplementary material accompanying
this article, visit the online version of Gastroenterology at
www.gastrojournal.org and at https://doi.org/10.1053/
j.gastro.2021.01.007.
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Supplementary Methods

Additional Cohort Details
The data used in this study were sourced from an estab-

lished cohort of patients with cirrhosis called the Veterans
Outcomes and Costs Associated with Liver Diseases cohort.1

Patients with cirrhosis were originally identified between
January 1, 2008 and December 31, 2016 based on a previously
validated algorithm.2 Granular, longitudinal data for patients in
the Veterans Outcomes and Costs Associated with Liver Dis-
eases cohort are continuously updated and can be queried in
near real-time.

Additional Details for Ascertainment of Exposure
Data

Decompensated cirrhosis. Decompensated cirrhosis
was classified using an algorithm previously validated in the
VHA dataset3 and included 1 inpatient or 2 outpatient Inter-
national Classification of Diseases, 9th or 10th revision codes
for hepatic encephalopathy, bleeding esophageal varices, or
ascites.

Academic center designation. Indicators in the VHA
dataset for affiliation with an academic medical center were
used to designate sites as academic vs nonacademic (binary).

Outpatient visits. For each patient we identified
completed outpatient visits with PCP or GI/Hep providers in
the 6 months before HCC image surveillance due date using
primary and secondary stop codes in the VHA outpatient visits
table. PCP stop codes included 323 and GI/Hep stop codes
included 307 and 337. Telemedicine visits were classified by
the presence of 1 of the following additional stop codes: 324
and 338. Regular expression searches for “tel” were also per-
formed to identify additional telemedicine stop codes used in
practice, each of which was manually reviewed and verified.
These included the following stop codes: 103, 147, 148, 178,
182, 224, 225, 424, 490, 491, 527, 528, 530, 686, and 708.

HCC surveillance imaging studies. To classify imag-
ing studies that would satisfy requirements for HCC surveil-
lance, we followed the American Association for the Study of
Liver Diseases guidelines.4 Therefore, we ascertained the
following from the VHA dataset for each patient: abdominal
ultrasound, right upper quadrant ultrasound, liver ultrasound,
contrast-enhanced computed tomography of the abdomen, and
contrast-enhanced magnetic resonance imaging of the
abdomen. This approach is consistent with previously pub-
lished work identifying HCC surveillance imaging studies in the
VHA dataset.5 For the purpose of descriptive analyses, we
categorized imaging modalities as ultrasound, computed to-
mography, or magnetic resonance imaging. We also classified
imaging study location as inpatient or outpatient. Of note, we
did not collect data on a-fetoprotein as an indicator of HCC
surveillance, because a-fetoprotein is optional per the most
recent American Association for the Study of Liver Diseases
guidelines4 and there is likely significant practice variability
with regard to this biomarker.

Additional Statistical Analysis Details
For analysis of significant shifts in national trends for HCC

surveillance imaging volumes in 2020, we used linear regression.
Modelswereadjusted for linear time trends in thepre–coronavirus
disease 2019 period (defined as before week 10), early coronavi-
rus disease 2019 period (weeks 10–15), and later coronavirus
disease 2019 period (week 15 onward). The b coefficient was
presented as changes in volume of imaging studies per week, and
an a threshold of 5% was used for statistical significance.

Descriptive statistics are presented as medians and inter-
quartile ranges for continuous variables and as percentages for
categorical variables. Exposure variables between patients who
completed HCC surveillance and those who did not complete
surveillance were compared using Wilcoxon rank-sum or c2

testing for categorical and continuous variables, respectively,
using an a threshold of 5% for statistical significance. Serial 2-
sample proportion tests were used to compare differences in
HCC surveillance proportions for each pandemic month in 2020
vs equivalent periods in 2019. Because this entailed 6 tests
(March through August), we used a Bonferroni-adjusted
threshold for statistical significance (a ¼ 0.83%). Finally, to
address possible differences in year-over-year surveillance
rates because of patient migration to other health systems, loss-
to-follow-up, and so on, we repeated the above analysis among
only patients who completed visits in the VHA system in both
2019 and 2020. The primary study findings were not sub-
stantively changed in this sensitivity analysis (data not shown).

In logistic regression analysis, we began with univariable
models testing individual exposures against the outcome of
completion of HCC surveillance during the pandemic months.
Age was treated as a categorical variable (<60 years vs �60
years) based on an apparent difference in outcomes near this
threshold on a locally weighted scatterplot smoothing curve.
Patient distance to center was computed as a shortest path
geographic distance based on zip codes. Variables meeting an a

threshold of 10% in univariable analysis were considered as
potential predictors in multivariable logistic regression. We
used backward stepwise selection using an entry/exit a

threshold of 5% to arrive at a candidate final model. We then
tested several modified clinician-driven models and selected a
final model that minimized the Bayesian information criterion.
Of note, the final model also contained a term for month to
account for temporal changes in outcomes during the evolution
of the pandemic. Odds ratios and 95% confidence intervals
were presented for each exposure variable.
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Supplementary Table 1.Patient and Center Characteristics From the Time of Index HCC Surveillance Image

Factor
HCC Surveillance Not
Complete (n ¼ 10,009)

HCC Surveillance
Complete (n ¼ 5471) P

Age, y 68 (63-71) 68 (64-71) .52

Male sex 9666 (96.6) 5299 (96.9) .35

Race .033
White 5674 (56.7) 3216 (58.8)
Black 2591 (25.9) 1339 (24.5)
Hispanic 779 (7.8) 394 (7.2)
Asian 154 (1.5) 103 (1.9)
Other 811 (8.1) 419 (7.7)

BMI, kg/m2 28.5 (25.1-32.6) 28.6 (25.2-32.6) .42

Smoking history .40
Never smoker 2397 (23.9) 1278 (23.4)
Former smoker 2489 (24.9) 1360 (24.9)
Current smoker 5038 (50.3) 2773 (50.7)
Unknown 85 (0.8) 60 (1.1)

Etiology of liver disease .77
Hepatitis C virus 2218 (22.2) 1249 (22.8)
Hepatitis B virus 333 (3.3) 193 (3.5)
Alcohol-related liver disease 2598 (26.0) 1366 (25.0)
Hepatitis C virus þ alcohol-related liver disease 3146 (31.4) 1731 (31.6)
Nonalcoholic fatty liver disease 1268 (12.7) 690 (12.6)
Other 446 (4.5) 242 (4.4)

Hypertension 8326 (83.2) 4603 (84.1) .13

Diabetes mellitus 4661 (46.6) 2532 (46.3) .73

Coronary artery disease 2192 (21.9) 1156 (21.1) .27

Cerebrovascular accident 1026 (10.3) 537 (9.8) .39

Prior decompensation 3005 (30.0) 1933 (35.3) <.001

Patient distance to center, miles 57.7 (14.8-219.7) 57.7 (14.7-207.6) .50

US region <.001
West 2027 (20.7) 1167 (21.6)
Midwest 1746 (17.8) 1087 (20.2)
Northeast 1451 (14.8) 734 (13.6)
South 4577 (46.7) 2405 (44.6)

Academic center 6250 (63.1) 3757 (69.1) <.001

Center setting .47
Rural 358 (3.7) 186 (3.4)
Urban 9445 (96.3) 5242 (96.6)

Outpatient visits 6 months before HCC surveillance due date in pandemic months (3/1/20–9/22/20)

Most recent visit type <.001
None 1287 (12.9) 314 (5.7)
PCP in-person 3600 (36.0) 1713 (31.3)
PCP telemedicine 1475 (14.7) 727 (13.3)
GI/Hep in-person 1556 (15.5) 1293 (23.6)
GI/Hep telemedicine 2091 (20.9) 1424 (26.0)

Time from last visit to surveillance due date, days 87 (30-178) 68 (24-136) <.001

Values are median (interquartile range) or n (%).
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Supplementary Table 2.Univariable and Multivariable Logistic Regression Models for Completion of HCC Surveillance Due
During Pandemic Monthsa,b

Univariable Analysis Multivariable Analysis

Odds Ratio
95% Confidence

Interval P Odds Ratio
95% Confidence

Interval P

Age (ref <60 y) (ref) (ref)
Age � 60 y 1.10 (0.99-1.23) .07 1.13 (1.01-1.27) .03

Prior decompensation 1.27 (1.19-1.37) <.001 1.26 (1.17-1.36) <.001

Month due (ref March) (ref) (ref)
April 0.64 (0.55-0.73) <.001 0.64 (0.56-0.74) <.001
May 1.13 (0.99-1.28) .07 1.16 (1.01-1.32) .03
June 1.65 (1.46-1.87) <.001 1.77 (1.56-2.01) <.001
July 2.09 (1.85-2.35) <.001 2.24 (1.98-2.54) <.001
August 2.60 (2.31-2.94) <.001 2.85 (2.51-3.23) <.001

US region (ref West)c (ref) (ref)
Midwest 1.08 (0.97-1.20) .14 1.06 (0.95-1.19) .29
Northeast 0.88 (0.78-0.99) .03 0.91 (0.81-1.03) .13
South 0.91 (0.84-1.00) .04 0.92 (0.84-1.01) .06

Academic center 1.31 (1.22-1.40) <.001 1.29 (1.20-1.39) <.001

Time from last appointment
to surveillance due date, mo

0.92 (0.91-0.93) <.001 0.94 (0.92-0.96) <.001

Most recent outpatient visit
(ref none)

(ref) (ref)

PCP in-person 1.95 (1.70-2.23) <.001 1.61 (1.35-1.92) <.001
PCP telemedicine 2.02 (1.74-2.35) .06 1.21 (0.99-1.49) .06
GI/Hep in-person 3.41 (2.95-3.93) <.001 2.75 (2.30-3.29) <.001

GI/Hep telemedicine 2.79 (2.43-3.21) <.001 1.73 (1.42-2.09) <.001

Race/ethnicity (ref white) (ref)
Black 0.91 (0.84-0.99) .02 ... ... ...
Hispanic 0.89 (0.78-1.01) .08 ... ... ...
Asian 1.18 (0.92-1.52) .20 ... ... ...
Other 0.91 (0.80 – 1.03) .15 ... ... ...

aFrom March 1, 2020 through September 22, 2020. Outpatient visits were categorized as the most recent completed
appointment type before HCC surveillance due date.
bVariables that did not meet the P < .10 threshold in univariable analysis were sex, smoking history, body mass index, etiology
of liver disease, hypertension, diabetes mellitus, coronary artery disease, cerebrovascular accident, patient distance to center,
and center setting (rural/urban).
cVariable retained on the basis of joint hypothesis test with P < .05.
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