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Abstract

Background: Hepatocellular carcinoma (HCC) incidence and mortality vary by
race/ethnicity and both are higher in Black patients than in Whites. For HCC sur-
veillance, all cirrhotic patients are advised to undergo lifelong twice-annual ab-
dominal imaging. We investigated factors associated with surveillance and HCC
incidence in a diverse HCC risk group, cirrhotic patients recently cured of hepa-
titis C virus (HCV) infection.

Methods: In this observational cohort study, all participants (n = 357) had ad-
vanced fibrosis/cirrhosis and were cured of HCV with antiviral treatment. None
had Liver Imaging Reporting and Data System (LI-RADS) 2-5 lesions prior to
HCV cure. Ultrasound, computed tomography, and/or magnetic resonance imag-
ing were used for surveillance.

Results: At a median follow-up of 40 months [interquartile range (IQR) = 28-
48], the median percentage of time up-to-date with surveillance was 49%
(IQR) = 30%-71%. The likelihood of receiving a first surveillance examination
was not significantly associated with race/ethnicity, but was higher for patients
with more advanced cirrhosis, for example, bilirubin [odds ratio (OR) = 3.8/mg/
dL, p = 0.002], private insurance (OR = 3.4, p = 0.006), and women (OR = 2.3,
p = 0.008). The likelihood of receiving two or three examinations was signifi-
cantly lower for non-Hispanic Blacks and Hispanics versus non-Hispanic Whites
(OR = 0.39, and OR = 0.40, respectively, p < 0.005 for both) and for patients
with higher platelet counts (OR = 0.99/10,000 cells/ul, p = 0.01), but higher for
patients with private insurance (OR = 2.8, p < 0.001). Incident HCC was associ-
ated with higher bilirubin (OR = 1.7, p = 0.02) and lower lymphocyte counts
(OR = 0.16, p = 0.01).

Conclusions: Contrary to best practices, HCC surveillance was associated with
sociodemographic factors (insurance status and race/ethnicity) among patients
cured of HCV. Guideline-concordant surveillance is needed to address healthcare

disparities.
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1 | INTRODUCTION

In the United States, hepatocellular carcinoma (HCC)
incidence and mortality vary by sociodemographic fac-
tors and disproportionally affect racial/ethnic minority
populations. Incidence and mortality are over twofold
higher among non-Hispanic Black patients than among
non-Hispanic Whites."” The overall 5-year survival rate of
HCC is very low, with rates of <12% reported,’ but sur-
vival can reach 80% if HCCs are diagnosed when they are
<2 cm in diameter.*

To increase early detection, the American Association
for the Study of Liver Disease (AASLD) recommends life-
long twice-annual HCC surveillance with abdominal ul-
trasound (US) for patients whose estimated annual HCC
incidence exceeds 1%-2%,”° which includes patients
with cirrhosis. A recent French study showed improved
survival for patients whose imaging tests were less than
7 months apart’ and a study from the United States had
similar results,® emphasizing the importance of testing at
closely spaced intervals. However, only a small percentage
of cirrhotic patients undergo twice-annual imaging in the
United States. In a cohort of 541 cirrhotic patients, 34%
did not undergo any surveillance.’ In a second cohort of
904 patients, less than 2% had imaging every 6 months."
Uninsured patients and Black patients are less likely to
receive HCC surveillance.'®! Hepatitis C virus (HCV)-
infected patients have especially low rates of retention in
surveillance.'

While the AASLD recommends US for HCC surveil-
lance, computed tomography (CT) or magnetic resonance
imaging (MRI) is used for diagnosis. The Liver Reporting
and Data System (LI-RADS) classifies observable findings
based on their likelihood of representing an HCC or an-
other liver malignancy. Because they are more sensitive
than US, many providers use contrast-enhanced MRI and/
or CT for surveillance.”® In a head-to-head prospective
study, US detected only 28% of HCCs, while MRI detected
86%."* Despite superior sensitivity and specificity com-
pared to US, MRI and CT are often unable to discern early
HCCs."™® Thus, serial imaging is often required to reach
a diagnosis.

The recommendation for twice-annual surveillance
applies to cirrhotic patients who achieve a sustained viro-
logic response (SVR) to HCV treatment and are cured of
the infection. These patients are one of the most rapidly

growing HCC risk groups. Most data indicate that HCV
cure reduces HCC incidence, but details about post-SVR
risk remain uncertain.'®2 In a retrospective study that did
not require protocol-specified surveillance, Black patients
had a lower observed incidence of de novo post-SVR HCC
than Whites, with a hazard ratio (HR) of 0.52*; whereas,
in a prospective study of patients with chronic HCV infec-
tion who received protocol-specified surveillance, Black
patients had a twofold higher incidence of HCC.?” These
conflicting findings highlight the need to include informa-
tion about surveillance rates in studies of HCC incidence
to ensure that lower surveillance is not mistaken for lower
risk.

Because the timely diagnosis of HCC requires serial
abdominal imaging, but little is known about surveillance
patterns in patients cured of HCV, we investigated socio-
demographic and biological factors associated with sur-
veillance in a rigorously characterized group of patients
who did not have any LI-RADS 2-5 lesions in pre-SVR
images. We used this design because recent data revealed
that indeterminate lesions frequently acquire the features
required for LI-RADS 5 classification during HCV treat-
ment.”* We aimed to study factors associated with initi-
ating and continuing HCC surveillance in patients who
were not receiving heightened monitoring due to worri-
some pre-existing indeterminate lesions. We also investi-
gated HCC incidence and tumor doubling time (TDT).

2 | PATIENTS AND METHODS

2.1 | Study outcomes

The primary outcomes were the variables associated with
HCC surveillance. Secondary and tertiary outcomes in-
cluded the percentage of HCCs (LI-RADS 5 observations)
that were initially classified as CT/MRI LI-RADS 2-4,
the percentage of time “up-to-date-with-surveillance”
(PTUDS),”®*° the annual incidence of de novo post-SVR
HCC, and HCC TDT.

2.2 | Study design and groups

This observational study was approved by the Mount
Sinai Institutional Review Board. Medical records were
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reviewed and patients with HCV infection and advanced
fibrosis/cirrhosis (stage F3 or F4) who were treated with
a direct acting antiviral (DAA)-containing regimen and
achieved an SVR between 03/01/2012 and 01/01/2018
were identified. Patients monitored for surveillance
(n = 357) who met AASLD criteria for HCC surveillance
in their providers’ clinical judgment.’ All had a fibrosis-
4 (FIB-4) score >3.25%! and clinical evidence of F3 or F4
fibrosis (determined by vibration-controlled transient
elastography, liver biopsy, imaging, laboratory tests,
endoscopy, and/or provider assessment based on these
factors) and they did not have any LI-RADS 2-5 obser-
vations in the last pre-SVR imaging test. Monitoring
included primary care and/or specialty practice visits,
laboratory testing, and imaging. Twenty-four patients
were excluded from the surveillance group because they
had LI-RADS 2-5 lesions on pre-SVR MRI and/or CT im-
ages; these patients were included in an analysis of TDT.
An additional 29 patients were excluded from the entire
study because they lacked liver imaging prior to SVR or
had a history of or presented with HCC prior to DAA
treatment, liver transplantation, HIV infection, or any
additional liver disease.

2.3 | HCC surveillance and tumor
doubling time (TDT)

Selection of the imaging modality used for surveillance
was at the discretion of the provider in the clinical set-
ting and included any combination of US, contrast-
enhanced MRI, and CT. All images were reviewed by a
single expert abdominal radiologist (SL, with 10 years
of experience) using the LI-RADS system for classifica-
tion.** All patients had >8 months of follow-up after V,
(the last date images were obtained prior to SVR12).
V, dates ranged from 09/10/2020 to 09/07/2017.
Follow-up ended 06/01/2018. Supplementary Methods
present the variables collected, LI-RADS categories,
and methods for calculating PTUDS,**° HCC inci-
dence, and TDT.>?

2.4 | Statistical analysis

Logistic regressions were used to assess factors associ-
ated with participation in HCC surveillance and incident
HCC. Factors with p-values <0.05 were included in mul-
tivariable logistic regression (MVL) models. Factors with
co-linearity were analyzed in separate MVLs. Unpaired
student'’s ¢ tests were used to compare doubling time in
months by HCV treatment stage. All analyses were per-
formed using IBM SPSS Statistics 22.

.. 1997
Cancer Medicine -WI LEYJ—

Open Access,

3 | RESULTS

3.1 | HCC surveillance

The cohort of 357 post-SVR patients was 22% non-
Hispanic Black and 28% Hispanic; the majority was
male; and the mean FIB-4 score was 7.1 + 4.6 (Figure 1;
Table 1). Surveillance was monitored from V, (the last
date images were obtained prior to SVR) onward. The
median follow-up was 40 months [interquartile range
(IQR) = 28-48] (Figures 2 and 3). Eighty-two percent
of the cohort (292 patients) had >1 post-SVR imaging
test. Initial post-SVR imaging was US in 38%, MRI in
37%, and CT in 23% (Table 1). The median interval be-
tween V,and V; was 9 months (IQR = 6-14), which was
slightly longer than subsequent intervals (Figure 3).
The median PTUDS was 49% (IQR = 30-72). Only 24%
of the cohort received >75% of the recommended tests
(Figure 3).

Factors associated with initiating and continuing sur-
veillance post-SVR are shown in Tables 2-4. Three MVL
models were needed to identify factors independently as-
sociated with receiving at least one post-SVR test due to
co-linearity among bilirubin, platelets, and FIB-4 scores.
Initiating surveillance was independently associated with
female sex, higher bilirubin, lower platelets, and higher
FIB-4 scores. Private insurance was a significant inde-
pendent factor in models that adjusted for platelets and
FIB-4 scores (Table 3). In a separate MVL of baseline
factors associated with having private insurance, odds ra-
tios (ORs) were lower for Black patients [OR = 0.18, 95%
confidence interval (CI): 0.1-0.4, p < 0.001] and other/
Hispanic patients (OR = 0.14, CI: 0.1-0.3, p < 0.001) than
for Whites.

As determined by bivariate logistic regression, the
ORs for receiving a second or third imaging test were
also higher for patients with private insurance (OR = 2.8,
95% CI: 1.60-4.84) and lower for patients with higher
platelets (OR = 0.99 per 10%/pl, CI: 0.988-0.998), and for
Black (OR = 0.39, CI: 0.20-0.74) and Hispanic patients
(OR = 0.40, CI: 0.22-0.74) compared to non-Hispanic
White patients (Table 4). In an MVL model, only private
insurance (p = 0.01) and platelet counts (p = 0.04) were
significantly associated with receiving a second or third
test (Table 4).

3.2 | HCC arising de novo post-SVR12

Ten (2.8%) of the 357 patients developed a total of 11
HCCs (Table S1A-B). The HCC incidence rate was 1.6
per 100 person-years. After confirming no significant
difference by disease severity (FIB-4), a survival analysis
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FIGURE 1 Diagram of the study groups. Records of 410 patients who were treated with regimens that contained direct acting antiviral

(DAA) drugs, achieved SVR, had a FIB-4 score >3.25, and whose provider recommended HCC surveillance were reviewed. Surveillance was

monitored in 357 patients

(Kaplan-Meier—log-rank test) assessing differences in
HCC incidence determined that those with PTUDS >75%
had significantly higher likelihood of developing HCC
(x* = 25.32, p < 0.001). Blacks were more likely to de-
velop HCC (OR = 1.53, p = 0.61), but the difference was
not statistically significant. Eight HCCs (73%) detected
in scans obtained within 6 months of the previous scan
were <2.5 cm at diagnosis; the others were 3.1, 11.4, and
11.9 cm. The largest was diagnosed by CT (Figure 4). The
previous test was an US performed 14 months earlier. The
relationship between the time between scans and tumor
diameter is presented in Figure 5. Baseline and post-SVR
factors associated with de novo HCC are presented in
Table S2.

3.3 | LI-RADS 5 lesions initially classified
as LI-RADS 3 or 4 and HCC doubling times

To determine the percentage of HCCs initially classified
as CT/MRI LI-RADS 3-4, we combined data on the 11
HCCs that developed in 10 patients in the surveillance
cohort with data on 14 HCCs that developed in 11 of the
24 patients who had indeterminate/suspicious lesions in
V, images and thus were excluded from the surveillance
cohort (see Figure 1). Eighteen of the 25 HCCs (72%) were
initially classified as LI-RADS 3 or 4.

TDT was calculated on 18 HCCs present in two or
more serial images. Three arose in patients in the surveil-
lance cohort and 11 in patients who had LI-RADS 2-5
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observations in pre-SVR (V) images (Figure 1). The aver-
age TDT of HCC lesions detected prior to or during DAA
treatment was 9.5 + 5.5 months, significantly longer than
the TDT of HCCs detected post-SVR (3.4 + 2.6 months;
p < 0.008; Figure 6).

4 | DISCUSSION

HCC surveillance has the potential to save lives but is a
demanding process that involves serial abdominal imaging
at 6-month intervals for life. Ideally, the patients who are
most likely to benefit are the ones most likely to undergo
surveillance. We found that HCC surveillance was related
to both a patient's liver disease status, as indicated by low
platelet counts, and to sociodemographic factors, such as
insurance coverage. The latter reveals a disconnection be-
tween HCC risk and HCC surveillance that is especially
relevant to US populations. Patients with private insurance
and White patients were more likely to receive two or three

TABLE 1 Characteristics of the surveillance cohort (n = 357)

Age, years, mean + SD 62 + 8.9
Male, n (%) 216 (61%)
Race/ethnicity

White, Non-Hispanic 121 (33.9%)

Black, Non-Hispanic 80 (22.4%)

Other, Hispanic 101 (28.3%)

Other, Non-Hispanic 55 (15.4%)
Mean FIB—4 score 7.1 £4.58
Platelets (150-450 x 10° platelets/ul)* 10.7 + 4.04
Albumin (3.5-5.5 g/dl)* 3.73 +£0.56
Total bilirubin (0.1-1.2 mg/dl)* 1.05 + 0.83
BMI (18.5-24.9 kg/m?)? 28.39 + 5.04
Seen by liver specialist at baseline 292 (82%)
Initial post-SVR visit imaging type

CT 69 (23%)

MRI 110 (37%)

UsS 114 (38%)

Abbreviations: BMI, body mass index; CT, computed tomography; MRI,
magnetic resonance imaging; US, ultrasound.

*Normal range.

FIGURE 2 Design of surveillance
monitoring, denoting the pre-SVR (V)
and the post-SVR (V;-V,) periods. V,,, was
the last HCC imaging test performed prior
to SVR

Pre SVR |
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surveillance tests than Black patients, even though Black
patients are more likely to present with advanced HCC
and to die from it.>**” Unlike a prior study, which showed
a greatly reduced risk of post-SVR HCC in Black patients
(HR = 0.52),*! we found an increased risk (OR = 1.53). This
finding suggests that the HCC risk in Black patients cured
of HCV may be higher than reported, although our find-
ings were not statistically significant and warrant further
investigation. Black patients present with more advanced
HCC than Whites, but are younger, have better liver func-
tion, and are less likely to have cirrhosis.**’ Additional
studies are needed to determine whether surveillance
guidelines should be adjusted to account for the tendency
of HCC to arise in African American patients with rela-
tively well-preserved liver function.*®

Our findings confirmed data showing that insurance
status (private vs. others), race, and socioeconomic status
are associated with HCC surveillance.”'%?*3? After adjust-
ing for gender and liver status, private insurance had ORs
ranging from 2.5 to 2.7 in our study. Black and Hispanic
patients were less likely to have private insurance than
Whites. To our knowledge, our study is the first to exam-
ine gender in post-SVR HCC surveillance; our findings ac-
cord with the higher participation of women reported in
other settings.®*

Nationally, as few as 18.4% of cirrhotic patients receive
surveillance in the United States,*" with variable rates re-
ported for HCV-infected patients.'>*° Over 80% of patients
in our surveillance cohort received at least one post-SVR
imaging test. Our PTUDS was 49%; however, only 24% re-
ceived >75% of the recommended tests. Our findings un-
derscore the need to identify barriers that keep patients,
especially men and members of racial and ethnic minority
populations, from undergoing surveillance, as noted be-
fore.*? Simple interventions, such as sending patients re-
minders, can improve testing.43

Our study reveals the likely benefits of HCC surveillance
in cirrhotic patients cured of HCV. The annual incidence
was about 1.6%, consistent with other studies,**** and
above the AASLD threshold for twice-annual imaging. Most
HCC was detected at an early and potentially curable stage.
Patients who developed de novo HCC had higher bilirubin
and lower lymphocytes both at baseline and after cure; these
variables might help predict post-SVR HCC risk.

Post SVR
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IGR (6,14) (5,10) (4,10) (5,10) (5.7) (3.6) (5.6)
Patients with < 7 months between imaging 122 (34%) 126 (43%) 94 (45%) 68 (48%) 56 (53%) 34 (49%) 12 (29%)
Never received imaging of those eligible 65 (18%) 79 (27%) 63 (31%) 36 (25%) 31 (30%) 28 (40%) 28 (68%)
Median follow-up time post-SVR 33 months (IQR 20 — 43)
Median PTUDS 49% (1QR 30% — 72%)
Mean PTUDS 52%+ 26
Over 75% of the recommended tests completed 24%

FIGURE 3 Timing of serial HCC surveillance testing. The top graph

shows the time (in months) tests were performed and gives the

number of patients completing each test. Serial tests are distinguished from each other by the shading of the bar, indicated in the key. V-V,

is the interval between the last imaging test performed prior to SVR and the first post-SVR imaging test (black bars). Summary data are

reported below. PTUDS, percent time up-to-date surveillance; IQR, interquartile range

We confirmed the findings of Marino et al.”* and demon-
strated that a high percentage of indeterminate lesions are
later re-classified as LI-RADS 5. Eleven of 24 patients (46%)
with suspicious lesions prior to HCV cure subsequently
received a diagnosis of HCC compared to only 10 of 357
patients (3%) who did not have suspicious lesions. This dif-
ference underscores the importance of reviewing pre-SVR
scans (and excluding patients with existing lesions) when
attempting to determine the impact of HCV cure on HCC
incidence. Our observed HCC incidence rate would have
been about twofold higher had we included patients with
pre-existing (but undiagnosed) HCCs. Nearly three-quarters
of HCCs were visible before they met diagnostic LI-RADS 5
criteria, somewhat higher than previously reported.” Many
HCCs could be detected by imaging more than a year before
they acquired the features needed for a definitive diagnosis,
delaying treatment, and allowing time to spread.

The doubling time of lesions first observed post-SVR
was shorter than the doubling time of lesions detected be-
fore or during antiviral treatment. This finding contrasts
with data from Toyoda et al., who found HCV cure did not
impact HCC growth.* However, 72.1% of their patients
did not have cirrhosis, all patients underwent gadoxetic-
enhanced MRI, and only lesions which would constitute
LI-RADS 4 lesions (had LI-RADS criteria been applied)
were assessed.

In this study, the number of HCCs included in the cal-
culation of TDT was small and imaging modalities were not
uniform, which can introduce bias. Large multicenter studies
are needed to rigorously test the hypothesis that HCCs grow
more rapidly in the immediate aftermath of HCV eradication.

The strengths of our study include our monitoring of sur-
veillance in patients in the clinical setting whose pre-SVR
liver images were reviewed rigorously to exclude patients
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TABLE 2 Binary logistic regression analysis of factors related to receiving at least one post-SVR surveillance test

Mean (SD)/n (%) Logistic regression
Yes, attended No, did not attend Odds 95% confidence
n =292 n =65 ratio interval P
Gender (females) 125 (42.8%) 16 (24.6%) 2.29 (1.25, 4.22) 0.008
Age (years) 62 (8.8) 62(9.1) 1.00 0.76
Diabetes (present) 70 (26.2%) 10 (20.4%) 1.42 0.36
BMI (18.5-24.9 kg/m?) 28.4 (5.0) 27.7(5.5) 1.03 0.50
Insurance (private) 75 (25.7%) 6(9.2%) 3.40 (1.41, 8.19) 0.006
Race
White, Non-Hispanic (ref) 106 (55.2%) 15(23.1%) 0.151
Black, Non-Hispanic 63 (21.6%) 17 (26.2%) 0.52 0.10
Other, Hispanic 77 (26.4%) 24 (36.9%) 0.45 0.03
Other, Non-Hispanic 46 (15.8%) 9 (13.8%) 0.72 0.50
Post-SVR labs
Total bilirubin (0.1-1.2 mg/dl)*  0.95 (0.83) 0.58 (0.53) 3.78 (1.63, 8.76) 0.002
Platelets (150-450 X 10° 11.5(4.9) 13.8 (4.8) 0.99 (0.98, 0.997) 0.003
platelets/pL)*
AST (10-40 U/L)* 34.5(24.2) 32.7(15.9) 1.01 0.61
ALT (7-56 U/L)* 28.1(25.8) 24.4 (18.0) 1.01 0.33
Albumin (3.5-5.5 g/dl)* 3.9(0.56) 3.8(0.53) 1.38 0.23
AFP (0.0-9.0 ng/ml)?* 5.81 (10.6) 4.57 (2.54) 1.05 0.50
Creatinine (0.70-1.30 mg/dl)* 1.4 (6.81) 1.0 (0.38) 1.03 0.78
FIB-4 5.2(8.76) 3.5(1.93) 1.18 (1.02,1.38) 0.03

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FIB-4, fibrosis-4 index for liver
fibrosis.

*Normal range.

TABLE 3 Multivariable logistic regression analysis of factors related to receiving at least one post-SVR surveillance test

Model 1 Model 2 Model 3
OR  95% CI p OR  95%CI p OR 95%CI p
Gender (females) 28 (136, 0.004 26  (1.3,54)  0.008 24 (1.2,48) 0.02
5.60)
Insurance (private) 2.5 0.05 2.55  (1.03, 0.04 2.7 (1.09, 0.03
6.35) 6.73)
Post-SVR labs
Total bilirubin (0.1-1.2 mg/dl)* 4.4 (1.83, 0.001
10.72)
Platelets (150-450 x 10° platelets/pl)? 0.99  (0.98, 0.004
0.997)
FIB-4 1.19 (1.02, 0.02
1.39)
“Normal range.
with LI-RAD 2-5 observations, which was not performed The limitations include the single-site design, which
in most studies.***® Additional strengths included the ex- might reduce generalizability; however, the cohort was ra-

tended follow-up time and the use of PTUDS for reporting cially and ethnically diverse. Our estimate of HCC incidence
surveillance.*° isinexact because imaging can miss early HCCs and because
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TABLE 4 Multivariable logistic regression analysis of factors related to completing two or three post-SVR surveillance tests

b

Mean (SD)/n (%) Logistic regression Multivariable
No, did not
Yes, attended attend
n =145 n =147 OR 95% CI P OR 95% CI P
Gender (females) 89 (61%) 81 (54%) 0.75 0.23
Age 61 (8.6) 63 (8.9) 1.02 0.10
Diabetes (present) 34 (24.1%) 36(28.6%) 0.78 0.36
BMI (18.5-24.9 kg/m?) 28.9 (4.8) 27.6 (5.1) 1.05 0.08
Insurance (private) 51 (35.2%) 24(16.3%) 278  (1.60, 4.84) <0.001 214 (118, 0.01
3.90)
Race
White, Non-Hispanic (ref) 65 (44.5%) 42 (28.0%) 0.004 0.15
Black, Non-Hispanic 25(17.1%) 39(26.0%) 039  (0.20,0.74) 0.004 0.55 0.09
Other, Hispanic 30 (20.5%) 48 (32.0%)  0.40 (0.22,0.74) 0.003 0.51 0.03
Other, Non-Hispanic 26 (17.8%) 21 (14.0%)  0.82 0.58 0.78 0.51
Post-SVR labs
Total bilirubin (0.1-1.2 mg/  1.02 (0.76) 0.89 (0.89) 1.21 0.21
dn?
Platelets (150-450 x 10° 10.7 (4.8) 12.3 (4.8) 0.99  (0.988,0.998)  0.01 099  (0.989,1) 0.04
platelets/pl)*
AST (10-40 U/L)* 34.5(14.17) 34.6(30.94) 1.0 0.97
ALT (7-56 U/L)? 26.7 (14.48) 29.6 (33.2) 0.99 0.37
Albumin (3.5-5.5 g/dl)* 3.9 (0.54) 3.9 (0.58) 0.95 0.80
AFP (0.0-9.0 ng/ml)?* 5.3(2.9) 5.6(10.88)  1.01 0.76
Creatinine (0.70-1.30 mg/  0.97 (0.34) 1.77 (9.51) 0.95 0.71
dn?
FIB-4 4.96 (3.12) 4.74(8.67) 0.99 0.64

Abbreviations: AFP, alpha fetoprotein; ALT, alanine aminotransferase; AST, aspartate aminotransferase; BMI, body mass index; FIB-4, fibrosis-4 index for liver
fibrosis.

“Normal range.

"Patients who completed two or three post-SVR imaging tests were compared to patients who were eligible for these tests but did not complete them.

FIGURE 4 Image ofalarge HCC. Images from a contrast-enhanced CT scan showing an HCC in a 66-year-old female cured of HCV
using DAAs (Case 10). On CT in the coronal plane, an 11.4 cm ill-defined HCC is present in the right lobe (arrows) on arterial (A) and portal
venous phase (B). Enhancing portal vein tumor thrombus is also noted (dashed arrows). These findings were consistent with infiltrative
HCC (LI-RADS tumor-in-vein). Sequelae of portal hypertension, including splenomegaly and small volume abdominal ascites are also
present; white dots are from cholecystectomy clips
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FIGURE 5 Tumor size plotted

with time between the last scan that did
not contain a LI-RADS 5 lesion and the
diagnostic scan. Tumor diameter (scaled
to size) at HCC diagnosis related to the
time between the previous (HCC free)
imaging and HCC diagnosis, in months.
The asterisk identifies lesions in a patient
who had two de novo LI-RADS 5 lesions
post-SVR
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FIGURE 6 Scatterplot of HCC doubling times in tumors
detected before and after the end of treatment. Using serial images,
the doubling time of LI-RADS 3-4 lesions that were later classified
as LI-RADS 5 observations before or during DAA treatment were
compared to those detected after the end of treatment. Data were
analyzed using an unpaired ¢ test

some HCCs might have gone undetected as a result of in-
complete surveillance. Our ~50% PTUDS could be an under-
estimate if patients had imaging at other institutions. Our
relatively small number of cases limits our ability to identify
factors independently associated with HCC development.
Conclusions: A high percentage of HCCs diagnosed
in patients recently cured of HCC were pre-existing, but
undiagnosed, HCCs. Future studies of post-SVR HCC
incidence should exclude patients with pre-existing le-
sions and should adjust for differences in surveillance
testing among racial, ethnic, and socioeconomic groups.
This will allow lower rates of HCC incidence to be distin-
guished from lower rates of HCC detection. Interventions
are needed to increase surveillance in men, members
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Time from last HCC-free imaging to HCC diagnosis in months
*O Open circle represents a single patient with 2 tumors identified post SVR

of minority populations, and patients without private
insurance.
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