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Abstract

Background Disparities in receipt of hepatocellular carci-
noma (HCC) surveillance contribute to disparities in
overall survival outcomes.

Aim We aim to evaluate disparities in receipt of routine
HCC surveillance among patients with cirrhosis in a large
urban safety-net hospital.

Methods Consecutive adults (age > 18) with cirrhosis
from July 1, 2014, to December 31, 2015, were retro-
spectively evaluated to determine rates of receiving
appropriate HCC surveillance within 6 months and 1 year
after diagnosis of cirrhosis. Rates of HCC surveillance
were stratified by sex, race/ethnicity, and liver disease
etiology. Multivariate Cox proportional hazards models
were utilized to evaluate for predictors of receiving
appropriate HCC surveillance.
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Results Among 157 cirrhosis patients enrolled [hepatitis C
virus (HCV): 29.9%, hepatitis B virus: 13.4%, alcoholic
cirrhosis: 44.6%, nonalcoholic steatohepatitis (NASH):
8.9%], mean age of cirrhosis diagnosis was
53.8 &+ 9.0 years. Among these patients, 49% received
(n = 77) HCC surveillance within 6 months and 78%
(n = 123) were surveyed within 1 year of cirrhosis diag-
nosis. On multivariate analyses, patients with NASH cir-
rhosis were significantly less likely to receive HCC
surveillance compared with chronic HCV cirrhosis patients
(HR 0.44, 95% CI 0.19-0.99, p < 0.05). No significant
sex-specific or race/ethnicity-specific disparities in receipt
of HCC surveillance were observed.

Conclusion Among a diverse safety-net hospital popula-
tion, sub-optimal HCC surveillance rates were observed:
Only 49% of cirrhosis patients received HCC surveillance
within 6 months, and 78% of cirrhosis patients received
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HCC surveillance within 1 year. Differences in rates of
HCC screening by liver disease etiology were observed.

Keywords NASH - Safety-net - Disparities - Hepatoma -
Ultrasound

Abbreviations
AASLD American association for the study of liver
disease

AFP Alpha-fetoprotein

EASL European association for the study of the liver
HBV Hepatitis B virus

HCC Hepatocellular carcinoma

HCV Hepatitis C virus

MELD  Model for end stage liver disease

NAFLD Nonalcoholic fatty liver disease

NASH  Nonalcoholic steatohepatitis

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
cancer and the second leading cause of cancer mortality
worldwide [1]. HCC accounts for roughly 85-90% of all
primary liver cancers. Each year, approximately half a mil-
lion people worldwide are newly diagnosed with HCC. In the
USA, HCC is currently the fastest growing cause of cancer-
related deaths [2]. HCC has a very poor prognosis with
5-year overall survival rate of less than 30% [3, 4]. However,
prognosis depends on tumor stage, with curative therapies
available for patients who are detected at an early stage [S]. A
2014 meta-analysis by Singal et al. evaluated 15,158 patients
with cirrhosis, of whom 6284 (41.4%) had HCC detected by
surveillance. The study demonstrated that HCC surveillance
was associated with improved early stage detection [odds
ratio (OR) 2.08, 95% CI 1.80-2.37] and curative treatment
rates (OR 2.24, 95% CI 1.99-2.52) as well as significantly
prolonged survival (OR 1.90, 95% CI 1.67-2.17) even after
adjusting for lead-time bias [6]. AASLD guidelines recom-
mend HCC surveillance for cirrhotic patients and high-risk
chronic HBV patients. Patients at high risk for developing
HCC should be entered into surveillance programs.
Surveillance for HCC should be performed using ultra-
sonography. The recommended interval between HCC
surveillance tests is 6—12 months [7, 8]. The interval is based
on the median doubling time of HCC, which is estimated to
range between 80 and 117 days [9, 10]. Despite these rec-
ommendations, surveillance rates still remain low, with rates
varying from 50% to less than 20% [11-13].

Early detection through routine HCC surveillance
affords greater treatment options, thereby improving sur-
vival outcomes. Variations in receipt of HCC surveillance
contribute to disparities in overall HCC survival. In this

study, we aim to evaluate disparities in receipt of routine
HCC screening among patients with cirrhosis in a large
urban safety-net hospital system.

Methods

We retrospectively evaluated all consecutive adults
(age > 18) with cirrhosis from July 1, 2014, to December
31, 2015, seen in gastroenterology/hepatology clinics to
determine the rates of receiving appropriate HCC surveil-
lance within 6 months and 1 year after the diagnosis of
cirrhosis at a large urban safety-net hospital. Our cohort is
particularly unique in that the majority of this underserved
population lives at or below the national poverty level and
the majority are non-White minorities. The diagnosis of
cirrhosis was determined through a thorough review of the
electronic medical records and incorporated data from the
clinical history from inpatient and outpatient chart notes,
laboratory data, radiographic data, and liver biopsy data if
available. Our diagnosis was not based on diagnosis coding
or billing coding, but rather based on thorough chart review
by a clinician to interpret and identify the diagnosis of
cirrhosis. Based on this compilation of data, we estimated
the earliest date at which cirrhosis was diagnosed for each
patient. In a similar fashion, we identified the age at first
gastroenterology/hepatology clinical encounter, and time
from cirrhosis diagnosis to first receipt of HCC screening.
Child-Pugh score and MELD score were calculated based
on available clinical and laboratory data. Appropriate HCC
surveillance was defined as undergoing imaging for eval-
uation of liver mass via ultrasound, computed tomography
(CT), or magnet resonance imaging (MRI) as indicated in
the clinical notes and radiography reports.

Overall rates of appropriate HCC surveillance were
presented as proportions and frequencies, and additional
comparisons between groups were performed using Chi-
square testing and stratified by sex, race/ethnicity, and liver
disease etiology. Continuous variables were presented as
mean and standard deviation. Multivariate logistic regres-
sion models were utilized to evaluate for predictors of
receiving appropriate HCC surveillance. Statistical analy-
ses were performed using Stata statistical software package
(version 13.0), and statistical significance was met with
p value <0.05. This study was approved by Alameda
Health System Institutional Review Board.

Results

Among 157 cirrhosis patients enrolled in the study, the
mean (£SD) age of cirrhosis diagnosis was
53.8 & 9.0 years (Table 1). The study consisted of 65%
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Table 1 Characteristics of the patient population

Variable
Age at diagnosis (years, mean £+ SD) 54 +9
Male, n (%) 102 (65%)
Race, n (%)
Non-Hispanic White 29 (18%)
Black/African-American 35 (22%)
Asian 32 (20%)
Hispanic 53 (34%)
Other 8 (5%)
Diagnosis, n (%)
Hepatitis C 47 (30%)
Hepatitis B 21 (13%)
Alcohol 70 (45%)
NASH 14 (9%)
Other 5 (3%)
Cirrhosis complications, n (%)
Ascites 68 (47%)
Hepatic encephalopathy 63 (45%)
Varices 72 (54%)
Medical comorbidities, n (%)
Hepatocellular carcinoma 23 (17%)
Diabetes mellitus 43 (30%)
Hypertension 57 (40%)
Child-Pugh score, n (%)
A 76 (50%)
B 53 (35%)
C 22 (15%)
MELD score (mean + SD) 9+ 5

Data are reported as mean =+ standard deviation, and number (%) for
categorical variables

NASH nonalcoholic steatohepatitis, MELD model for end stage liver
disease

males (n = 102). When stratified by race/ethnicity, 18% of
the population consisted of non-Hispanic White, 22%
African-American/Black, 20% Asian, 34% Hispanic, and
5% other race/ethnicity. The etiology of cirrhosis was
hepatitis C virus (HCV): 29.9%, hepatitis B virus (HBV):
13.4%, alcoholic cirrhosis: 44.6%, nonalcoholic steato-
hepatitis (NASH): 8.9%, and other etiologies 3%. Ascites
was present in 47% (n = 68) of patients at time of first
gastroenterology ~ encounter,  history = of  hepatic
encephalopathy was present in 45% (n = 63), and eso-
phageal varices were present in 54% (n = 72). HCC was
present in 17% (n = 23) of the patients at time of pre-
sentation. 30% (n = 43) had diabetes mellitus, and 40%
(n = 57) had hypertension. Among all cirrhosis patients,
liver disease severity breakdown included Child—Pugh A:
50% (n = 76), Child—Pugh B: 35% (n = 53), and Child—
Pugh C: 15% (n = 22). Mean MELD score was 9.4 £ 5.2
(Table 1).
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Among these patients, 49% received HCC surveillance
within 6 months and 78% were surveyed within 1 year of
cirrhosis diagnosis. No significant difference in receipt of
HCC surveillance within 1 year was observed when strat-
ified by sex (females: 76% vs. males: 79%, p = 0.66) or
race/ethnicity (White non-Hispanic: 72%, African-Ameri-
can/Black: 83%, Asian: 81%, and Hispanic: 74%,
p = 0.39). However, when stratified by etiology of liver
disease, significant disparities were observed. Patients with
NASH cirrhosis were significantly less likely to receive
HCC surveillance when compared to patients with HCV,
HBYV, and alcoholic cirrhosis (HCC screening rates strati-
fied by diagnosis: HCV 77%, HBV 86%, alcoholic cir-
rhosis 84%, and NASH 50%, p < 0.05) (Fig. 1). However,
this difference observed was based on a small sample size
of NASH patients.

The mean time from cirrhosis diagnosis to first HCC
surveillance was 255 £ 411 days for the combined cohort.
There was no statistically significant difference in the time
from cirrhosis diagnosis to receipt of HCC surveillance
when stratified by sex, race/ethnicity, or etiology of cir-
rhosis diagnosis (Table 2). No significant differences were
observed when stratified by presence of ascites, hepatic
encephalopathy, or esophageal varices (Table 2).

On multivariate analyses (Fig. 2), patients with NASH
cirrhosis were significantly less likely to receive HCC
surveillance compared to chronic HCV cirrhosis patients
(HR 0.445, 95% CI 0.19-0.99, p < 0.05), whereas patients
with ascites were significantly more likely to be surveyed
compared to patients without ascites (HR 1.55, 95% CI
1.04-2.31, p < 0.05). No significant sex-specific or race/
ethnicity-specific disparities in receipt of HCC surveillance
were observed.

Discussion

Hepatocellular carcinoma is a leading cause of cancer-re-
lated death worldwide, and the burden of this devastating
disease is expected to continue rising [14]. Despite AASLD
recommendations for routine HCC surveillance as well as
data supporting improved survival with routine surveil-
lance [6], overall HCC screening rates throughout the USA
remain sub-optimal.

In our study, among a diverse safety-net hospital pop-
ulation, sub-optimal HCC surveillance rates were observed.
This study observed that 49% (n = 77) of cirrhotic patients
received HCC surveillance within 6 months and 78%
(n = 123) received surveillance within 1 year of cirrhosis
diagnosis. Our findings are in line with previous reports
that HCC surveillance in cirrhotic patients is sub-optimal
[11, 12, 15, 16]. In 2011, AASLD and EASL established
guidelines recommending ultrasound imaging of cirrhotic
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Fig. 1 Hepatocellular 100% -
carcinoma screening within

1 year of cirrhosis diagnosis

stratified by sex, race/ethnicity, 90% -
and liver disease diagnosis

80% A

1-Year HCC Screening

70%

60%

50% -

40% -

30% I |

.
-

Total Female Male White Black Asian Hispanic HCV  HBV Alcohol NASH
‘1-Year HCC Screening (%) 95% Cl P-Value

Total 78.3% 72-84%

Sex 0.66
Female 76.4% 65-87%
Male 79.4% 71-87%

Race 0.39
Non-Hispanic White 72.4% 56-88%
BIack/A.frlcan 22.8% 71-95%

American

Asian 81.3% 67-95%
Hispanic 73.6% 62-86%

Diagnosis 0.04
76.6% 65-89%
85.7% 71-101%
Alcohol 84.3% 75-93%
NASH 50.0% 24-76%

patients every 6—12 months [7, 8, 17]. Our study cohort is at
particular high risk of not receiving appropriate surveillance
as per these guidelines given the safety-net population,
including higher proportion of non-English speaking
minorities and lower socioeconomic status, both of which
contribute to barriers in timely access to appropriate medical
care. However, all of these patients made contact with sub-
specialty gastroenterology/hepatology clinics in our system,
and this may have selected for a more engaged population.
Furthermore, we have 4 full time clinic providers in our
gastroenterology clinics which have very similar practice
patterns, ensuring consistency of HCC surveillance recom-
mendations for our patients. An informal survey of our
providers demonstrates strict adherence to AASLD guide-
lines for HCC surveillance. However, it should also be noted
that actual HCC surveillance rates may be significantly lower
than our observations. As previously stated, the study cohort
included patients that were linked to GI clinic and thus may
be more engaged into care. It is possible that cirrhosis is
under diagnosed among our safety-net population, and these
undiagnosed cirrhosis patients are also missing much needed

HCC surveillance. While our chart review attempted to best
identify imaging exams that were specifically ordered for
HCC surveillance, it is also possible that some tests were
ordered for other reasons (e.g., evaluation of ascites) and if
not for these other reasons, HCC surveillance may not have
been performed.

Our study also demonstrates that patients with NASH
cirrhosis were significantly less likely to receive HCC
surveillance compared with chronic HCV cirrhosis patients
(HR 0.445, 95% CI 0.19-0.99, p < 0.05). However, these
observations among the NASH patients were based on rel-
atively small sample size and need to be interpreted in this
context. Our cohort included 14 patients with NASH cir-
rhosis with only 50% (n = 7) receiving appropriate HCC
surveillance. Of the 7 patients who did not receive timely
surveillance, 3 patients had surveillance imaging ordered but
did not complete the study, 2 patients did not follow-up in GI
clinic after the initial GI consult, 1 patient had multiple
admissions for variceal bleed and HCC surveillance was
never ordered, and 1 patient did not have surveillance
imaging ordered until 1.5 years after cirrhosis diagnosis. A
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Table 2 Time from cirrhosis

diagnosis to first HCC screening N Mean £ SD 93% Cl p value
exam (days) Time from cirrhosis to first imaging (or last follow-up)

Combined 141 255.31 + 411.48 [186.80-323.82]

Sex 0.3919
Female 45 211.80 £ 199.36 [151.90-271.70]
Male 96 275.71 £+ 479.38 [178.58-372.84]

Race 0.9253
White 24 217.25 £+ 254.47
Black/African-American 33 250.81 £ 474.38
Asian 29 313.58 £ 655.11
Hispanic 47 250.29 £ 246.99
Other 8 206.25 £+ 72.51

Diagnosis 0.7209
HCV 43 269.35 £ 574.59
HBV 19 193.95 £ 92.70
Alcohol 65 245.24 £+ 361.80
NASH 11 398.91 £ 306.99
Other 3 134.33 £+ 57.07

HCV 0.7895
(=) 98 249.15 4+ 318.28 [185.34-312.96]
(+) 43 269.35 £+ 574.59 [92.51-446.18]

Ascites 0.4095
(=) 68 285.11 £ 461.00 [173.53-396.70]
+) 62 224.02 £+ 370.89 [129.82-318.20]

Encephalopathy 0.5743
(=) 67 269.06 £ 467.18 [155.10-383.01]
(+) 58 225.86 £+ 351.82 [134.35-319.36]

Varices 0.853
(=) 52 276.67 £ 519.72 [131.98-421.36]
+) 69 261.85 £ 357.54 [175.96-347.74]

2015 study by Mittal et al. [18] showed that a significantly
higher proportion of patients with nonalcoholic fatty liver
disease (NAFLD)-related HCC did not receive HCC
surveillance in the 3 years before their HCC diagnosis,
compared to patients with alcohol or HCV-associated HCC.
These observations were noted among a cohort of 1500
patients who developed HCC from 2005 to 2010 within the
Veterans Affairs Healthcare System. NAFLD diagnosis was
based on histological evidence or presence of metabolic
syndrome in the absence of HCV, HBV, or alcoholic liver
disease. Patwardhan, et al. analyzed patients with cirrhosis in
outpatient gastroenterology and primary care settings and
found that patients with NASH cirrhosis were less likely to
receive surveillance recommendations compared with cir-
rhosis from viral hepatitis, alcoholic cirrhosis, or nonviral,
nonalcoholic, non-NASH cirrhosis. They also observed that
NASH patients were less likely to receive gastroenterology
clinic referrals [15].

While we demonstrated similar findings, observing these
disparities among our specific population distinguishes it
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from prior studies. Specifically, while our cirrhosis cohort
was in some ways more engaged into care given that all
were seen and evaluated by gastroenterology/hepatology
providers, our cohort consisted of a diverse group of
patients with a high percentage of non-English speaking
minorities and patients living at or below the poverty line.
Furthermore, there are inherent barriers in timely access to
medical care among our safety-net population that result
from patient-specific factors (e.g., lack of education and
awareness of the importance of cirrhosis follow-up, diffi-
cult with public transportation to make it to appointments),
provider-specific factors (e.g., inadequate clinic time to
address all medical issues requiring need to prioritize some
items or others), and system-level factors (e.g., patient’s
difficulty in reaching clinic staff and providers, hospital-
centered localization of specialty care such that patients
need to travel significant distances from their home and
from their primary care providers to access specialty care
and/or diagnostic imaging (e.g., HCC surveillance). A
recent study by Goldberg et al. retrospectively looked at
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Fig. 2 Predictors of receiving Predictors of Receiving HCC Screening
HCC screening within 1 year of Hazard Ratio
cirrhosis diagnosis using 0 0.5 1 2 2.5
multivariate regression analysis '
Male (vs. Female) —l—f—
Age
o
White
Black/African America
Asian : l
Hispanic I ;
HCV .
HBV +
ALD
NASH —I—
Ascites ! I
Hepatic Encephalopathy I
Varices —l—
Diabetes Mellitus I
Hypertension —l—%—
Child-Pugh A
Child-Pugh B ]
Child-Pugh C j
Meld Score :
HR 95% CI P-value HR 95% CI P-value
Male (vs. Female) 0.77 0.50-1.17 0.221 Ascites 155 1.04-2.31 0.03
Age 0.99 0.97-1.02 0.716 Hepatic Encephalopathy 1.24 0.87-1.77 0.234

White 1.00 Reference -

0.54-1.81 0.979
0.58-2.22 0.711
0.50-1.56 0.661
0.31-1.81 0.517

Black 0.99
Asian 1.13
Hispanic 0.88
Other 0.75

HCV  1.00 Reference -
0.42-1.67 0.62
0.52-1.36 0.48
0.20-0.99 0.048
0.14-1.63  0.242

HBV 0.84
ALD 0.84
NASH 045
Other 0.48

identifying barriers to HCC surveillance using the Veterans
Health Administration with a primary outcome of a con-
tinuous measure of the percentage of time up-to-date with
HCC surveillance based on abdominal ultrasound. They
concluded the strongest predictor of HCC surveillance was
the number of specialist visits within the first year of cir-
rhosis diagnosis as well as lead time of appointments and
surveillance tests. They also observed patients with alcohol
and NAFLD cirrhosis to have lower rates of surveillance
compared to HCV cirrhosis [19]. In a large behavioral
survey, Farvardin et al. explored the patient’s perspective
regarding factors that pose barriers to HCC surveillance in
a socioeconomically disadvantaged cohort of patients who
are at risk for HCC. Nearly half of the patients reported
barriers to receiving HCC surveillance including difficul-
ties in scheduling, cost of tests, as well as transportation
[20].

Varices 1.04 0.72-1.50 0.824

Diabetes Mellitus  1.13
Hypertension 0.86

0.78-1.65 0.518
0.60-1.23 0.411

Child-Pugh A 1.00 Reference -
Child-Pugh B 0.99 0.68-1.42 0.937
Child-PughC 1.01 0.60-1.71 0.973

MELD Score 1.01 0.97-1.06 0.615

This observed trend of lower rates of HCC surveillance
among NASH cirrhosis patients is concerning given the
rising prevalence of NAFLD along with the growing obe-
sity epidemic [21]. It is estimated that between 75 and 100
million individuals in the USA have NAFLD, and this large
disease burden may translate into major consequences for
the future HCC burden in the USA [22-24]. Furthermore,
Younossi, et al. demonstrated that patients with NAFLD-
related HCC have a worse prognosis compared to patients
with HCC secondary to HCV, HBV, and alcoholic liver
disease. NAFLD-HCC was associated with shorter survival
time, more advanced tumor stage, and lower probability of
receiving liver transplant [25]. However, as previously
stated, our observations were based on a small sample size
of NASH patients and thus must be interpreted with
caution.
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The absence of reliable serologic biomarkers to diag-
nose NASH combined with the perception that NAFLD is a
benign and indolent disease may contribute to the low rates
of awareness and implementation of timely HCC surveil-
lance in NASH cirrhotic patients. Another factor that may
challenge the success of HCC surveillance for early
detection and treatment in patients with NASH cirrhosis
relates to the underlying risk factors that contribute to
NASH. Obesity and metabolic syndrome while increasing
the risk of developing NASH may also limit the sensitivity
of current imaging modalities for accurate HCC detection.
A study in 2014 by Del Poggio et al. [26] observed that a
body mass index (BMI) >25 kg/m” was associated with a
high degree of surveillance failure when using ultrasound.
This may be particularly concerning for the subset of
patients with central obesity. Although highly sensitive and
specific biomarkers for NASH are lacking, alpha-fetopro-
tein (AFP) may be useful in conjugation with ultrasound
for HCC surveillance in patients with NASH cirrhosis. In
2013, Gopal et al. [27] demonstrated the AFP better sen-
sitivity and specificity for HCC detection in NAFLD
patients with cirrhosis compared to HCV patients with
cirrhosis (sensitivity 89.7% and specificity 85.1%). How-
ever, current AASLD guidelines do not recommend routine
evaluation of AFP for HCC surveillance in all patients.

While our study distinguishes itself with the inclusion of
an underserved safety-net cohort with a large proportion of
non-English speaking ethnic minorities, we also specifi-
cally evaluated patients that were seen and established in
gastroenterology and hepatology clinics. This attempted to
identify the most engaged patients such that we could
evaluate a “best case” scenario among our patient popu-
lation that already faces multiple systems-level and
socioeconomic barriers in timely access to medical care.
Even so, our low rates of successful completion of HCC
surveillance are alarming. There are certain limitations to
our study that need to be acknowledged. Our small sample
size, specifically among NASH patients should be noted,
and thus, our NASH-related observations regarding HCC
surveillance need to be interpreted with caution. Our cal-
culation of appropriate HCC surveillance was based on
review of medical records, including radiology reports
within our hospital system. It is possible that patients
received HCC surveillance at other facilities that were not
reported in our medical records, which could have con-
tributed to lower than actual rates of HCC surveillance.
However, this scenario is less likely, given that if patients
were to receive HCC surveillance at other facilities, this
would have been noted in the clinical encounter notes,
which were reviewed. Furthermore, our hospital system
serves as the primary source of medical care for the
majority of our underserved patients, and thus, it is unlikely
that routine care including HCC surveillance would have
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been completed at other hospital systems outside of our
network. It is also possible that our date of cirrhosis
diagnosis may not have captured the earliest point at which
a patient had cirrhosis, and patients may have had cirrhosis
for a significant period prior to presentation to care.
However, our assumptions of cirrhosis diagnosis are biased
toward the null hypothesis and if in fact patients had cir-
rhosis earlier than we had identified, the magnitude of our
findings would have been even more concerning. In addi-
tion, our ascertainment of data such as comorbidities or
concurrent high-risk behavior (e.g., alcohol use) was based
on retrospective review of medical records, and no attempt
was made to contact patients directly to confirm any
details, and thus, potential underreporting or misreporting
of data could have occurred.

In summary, among a cohort of underserved, ethnically
diverse, safety-net patients with cirrhosis that have estab-
lished care with gastroenterology/hepatology specialists,
sub-optimal rates of HCC surveillance were observed, with
less than half receiving HCC surveillance within 6 months
of cirrhosis diagnosis. Particularly concerning, patients
with NASH cirrhosis were significantly less likely to
receive timely HCC surveillance compared to patients with
HCV cirrhosis, an alarming observation given the rising
rates of obesity and metabolic syndrome in USA that
contribute to rising rates of NAFLD and NASH. Given the
importance of early detection of HCC, which improves
treatment options and overall HCC survival, more aware-
ness is needed among both patients and providers about the
need for routine HCC surveillance among NASH patients
with cirrhosis. Furthermore, better diagnostic tools, both
radiographic and serological biomarkers, are needed to
improve the sensitivity and specificity of HCC surveillance
programs.
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