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Abstract
Hepatocellular carcinoma (HCC) surveillance is underutilized among patients with cirrhosis. Under-

standing which steps in the surveillance process are not being conducted is essential for designing effective

interventions to improve surveillance rates. The aimof our studywas to characterize reasons for failure in the

HCC surveillance process among a cohort of cirrhotic patients with HCC. We conducted a retrospective

cohort study of cirrhotic patients diagnosedwithHCC at a large urban safety-net hospital between 2005 and

2011. Patients were characterized by receipt of HCC surveillance over a two-year period before HCC

diagnosis. Among patients without HCC surveillance, we classified reasons for failure into four categories:

failure to recognize liver disease, failure to recognize cirrhosis, failure to order surveillance, and failure to

complete surveillance despite orders. Univariate and multivariate analyses were conducted to identify

predictors of failures. We identified 178 patients with HCC, of whom 20% had undergone surveillance.

There were multiple points of failure—20% had unrecognized liver disease, 19% had unrecognized

cirrhosis, 38% lacked surveillance orders, and 3% failed to complete surveillance despite orders. Surveil-

lance was more likely among patients seen by hepatologists [OR, 6.11; 95% confidence interval (CI), 2.5–

14.8] and less likely in those with alcohol abuse (OR, 0.14; 95% CI, 0.03–0.65). Although a retrospective

analysis in a safety-net hospital, our data suggest that only one in five patients received surveillance before

HCCdiagnosis. There aremultiple points of failure in the surveillance process,with themost commonbeing

failure to order surveillance in patients with known cirrhosis. Future interventions must target multiple

failure points in the surveillance process to be highly effective.Cancer Prev Res; 5(9); 1124–30.�2012AACR.

Introduction
Hepatocellular carcinoma (HCC) is the third leading

cause of cancer-related deathworldwide and has an increas-
ing incidence in the United States due to the current epi-
demic of nonalcoholic fatty liver disease (NAFLD) and
hepatitis C virus (HCV; ref. 1). Prognosis for patients with
HCCdepends on the tumor stage at diagnosis, with curative
options available only for patients diagnosed at an early
stage (2). Patients with early HCC achieve 5-year survival
rates near 70%with resection and transplantation, whereas

those with advanced HCC have a median survival of less
than one year (3, 4).

Surveillance using ultrasound at 6-month intervals is
recommended in patients with cirrhosis to detect HCC at
an early stage (5). Although surveillance is efficacious for
detecting early HCC (6), its effectiveness in clinical practice
is impactedby several factors, including lowutilization rates
(7, 8). A recent meta-analysis showed that fewer than 20%
of patients with cirrhosis undergo surveillance (9).

To date, no studies have provided in-depth analyses of
correlates for HCC surveillance underutilization. Surveil-
lance is a complex process in clinical practice, withmultiple
potential steps that are prone to failure (10). Providersmust
accurately identify high-risk patients and order appropriate
surveillance testing, the healthcare system must schedule
the tests, and patientsmust adhere with surveillance recom-
mendations (11). A breakdown at any step results in sur-
veillance failure. This challenge is particularly relevant in
primary care settings where providers face increasing time
constraints and might be less knowledgeable about HCC
guidelines (12). A better understanding of surveillance
breakdowns is necessary to identify appropriate interven-
tion targets. Our study’s purpose was to characterize sur-
veillance process failures among a cohort of cirrhotic
patients with HCC.
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Materials and Methods
Study population
We conducted a retrospective cohort study of cirrhotic

patients diagnosed with HCC at ParklandMemorial Health
and Hospital System (Dallas, TX), the safety-net system for
Dallas County, between January 2005 and June 2011. With
11 primary care clinics in low-income neighborhoods,
Parkland cares for approximately 50%of patients withHCC
in Dallas County. Given this integrated structure, patients
admitted to Parkland often receive their continuity care
throughParklandHospital. Furthermore, Parkland is oneof
the few safety-net hospitals with an integrated electronic
medical record for the hospital and clinics, including pri-
mary care clinics. Patients were initially identified by ICD-9
codes for HCC (155.0 or 155.2), tumor conference presen-
tation lists, and prior databases of patients who underwent
surgical (resection or transplantation) or interventional
(transarterial chemoembolization or local ablation) treat-
ments for HCC. Patients were required to have their first
patient encounter at Parkland more than one year before
HCC diagnosis, so surveillance failure rates could be accu-
rately determined. Patients without primary care or hepa-
tology clinic visits within 2 years of HCC diagnosis were
excluded, as we could not determine whether they were
receiving care at another institution (Supplementary
Figure).
Two authors (A.G. Singal and A. Yopp) adjudicated HCC

cases to confirm they met diagnostic criteria based on
American Association for the Study of Liver Disease
(AASLD) guidelines (13). For tumors larger than 1 cm,
diagnosis wasmade by a typical vascular pattern on dynam-
ic imaging (arterial enhancement and delayed washout) or
histology. This study was approved by the Institutional
Review Board of UT Southwestern Medical Center (Dallas,
TX).

Data collection
Patient demographics, clinical history, laboratory data,

and imaging results were obtained through a review of
computerized and paper medical records. Two authors
(E. Okolo and A. Yopp) independently extracted informa-
tion using standardized forms with a third investigator (A.
G. Singal) available to resolve discrepancies. Age, gender,
race/ethnicity, and lifetime alcohol and smoking history
were recorded,with active alcohol abuse defined asdrinking
more than 40 g/d. Dates of liver disease diagnosis, cirrhosis
diagnosis, HCC surveillance testing, and HCC diagnosis
were abstracted. Date of first medical encounter and num-
ber of primary care and hepatology clinic visits were docu-
mented. Data regarding liver disease included underlying
etiology and presence of decompensation (ascites or
encephalopathy). We classified patients according to the
etiology of liver disease, including HCV, HBV, alcohol-
related liver disease, NAFLD, and others. NAFLD was often
associated with components of the metabolic syndrome
(obesity, diabetes, and dyslipidemia) but was a diagnosis of
exclusion only made in the absence of other causes of liver

disease including viral hepatitis and alcohol abuse.
Laboratory data of interest included platelet count, cre-
atinine, aspartate aminotransferase (AST), alanine ami-
notransferase (ALT), bilirubin, albumin, international
normalized ratio (INR), and a-fetoprotein (AFP). Tumor
characteristics were determined by imaging studies (4-
phase CT or MRI), interpreted by radiologists at our
institution.

Statistical analysis
We characterized patients based on the receipt of HCC

surveillance, which was our primary outcome of interest.
Inconsistent surveillance was defined as one abdominal
ultrasound, for screening purposes, over the 2-year period
before HCC diagnosis. We also calculated rates of consis-
tent surveillance ("repeat surveillance") for patients with at
least 2 years of medical care at Parkland before HCC
diagnosis. Consistent surveillance was defined as at least
one abdominal ultrasound study, for screening purposes,
every 12 months over the 2-year period before HCC diag-
nosis, as recommended by guidelines during the study
period (13). Imaging was determined for surveillance pur-
poses through chart review of imaging reports and clinical
notes.

Among patients without surveillance, we classified rea-
sons for failure to complete surveillance into 4 mutually
exclusive categories: failure to recognize liver disease, failure
to recognize cirrhosis, failure to order surveillance, or failure
to complete surveillance despite orders (Supplementary
Table). Failure to recognize liver disease was defined as the
lack of any specific testing (e.g., viral hepatitis serologies) or
mention of liver disease in clinical notes. Patients with
known liver disease were classified as failure to recognize
cirrhosis if they did not have histology or abdominal
imaging documenting cirrhosis before HCC diagnosis. Fail-
ure to order surveillance was defined as the lack of abdom-
inal imaging orders, for purposes of HCC surveillance,
among patients with known cirrhosis. Finally, patients were
categorized as failure to complete surveillance if surveil-
lance orders were present, but an ultrasound was not
conducted.

Fisher exact and Mann–Whitney rank-sum tests were
conducted to identify patient- and system-factors associated
with process failures at each step. Therefore, dependent
variables included the presence of any surveillance, failure
to recognize liver disease, failure to recognize cirrhosis,
failure to order surveillance, and failure to complete sur-
veillance despite orders. We assessed patient sociodemo-
graphic and clinical characteristics, including age, gender,
race/ethnicity, language, alcohol abuse, insurance, perfor-
mance status, number of primary care visits, receipt of
hepatology care, etiology of liver disease, platelet count,
bilirubin, and Child–Pugh class as independent variables.
Multivariate logistic regression was conducted using factors
significant on univariate analysis. Statistical significance
was defined as a P value < 0.05 on univariate and multi-
variate analyses. All data analysis was conducted using Stata
11 (StataCorp).
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Results
Patient characteristics

Between January 2005 and June 2011, 397 patients with
cirrhosis were diagnosed with HCC. We excluded 165
patients with less than one year of care before HCC diag-
nosis and 54due to lack of primary care or hepatology clinic
visits within 2 years of HCC diagnosis (Supplementary
Fig.). Table 1 shows baseline characteristics of the remain-
ing 178 patients. The median age of patients was 57 years
(range, 34–89), and more than 75% were men. Our pop-
ulation was racially diverse, with 40% African Americans,
23% non-Hispanic Caucasians, and 28% Hispanic Cauca-
sians. Nearly 49% of patients were uninsured, and only 7%
had private health insurance. The most common etiologies
of cirrhosis were HCV (72.5%), alcohol-induced liver dis-
ease (11.2%), andNAFLD (6.7%). ThemedianChild–Pugh
score at diagnosis was 7 (range, 5–15), with 39%of patients
having Child–Pugh A cirrhosis.

Surveillance utilization
Patients had been followed at Parkland for a median of

4.7 years (range, 1.0–11.6) before HCC diagnosis. Twenty-
nine patients hadbeen followed for 1 to 2 years, 23 for 2 to 3
years, and126 formore than 3 years. Themediannumber of
primary care visits in the 2 years preceding HCC diagnosis
was 6 (range, 0–39), with 66 (37.1%) having at least one
hepatology clinic visit.

Overall, inconsistent surveillance had been conducted in
36 (20.2%) patients, with 142 (79.8%) not receiving any
surveillance over the last 2 years. Of 149 patients followed
for at least 2 years, consistent surveillance had been con-
ducted in 9 (6.0%) patients. Patients with consistent sur-
veillance had a higher proportion of early-stage tumors, but
this did not reach statistical significance (66.7% vs. 37.1%,
P ¼ 0.09).

Process of care failure rates
There were multiple points of failure in the surveillance

process (Fig. 1). Lack of surveillance was attributed to the
failure of recognizing liver disease in 36 (20.2%) patients.
Of 142 patients with known liver disease, 33 (23.2%) had a
failure to recognize cirrhosis. The most common point of
failure in the surveillance process was lack of HCC surveil-
lance orders, with 67 (61.5%) of 109 patients with known
cirrhosis having failure at this step. Failure to complete
surveillance despite orders was the least common reason
for failure, occurring only in 6 (14.3%) of 42 patients.

Predictors for receipt of surveillance
In univariate analysis, inconsistent surveillance was pos-

itively associatedwithhepatic decompensation (P¼0.005),
thrombocytopenia (P¼ 0.04), higher bilirubin levels (con-
tinuous; P¼ 0.04), and hepatology care (P < 0.001) andwas
inversely associated with active alcohol abuse (P ¼ 0.004).
Inconsistent surveillance was not associated with gender
(P ¼ 0.26), race (P ¼ 0.19), performance status (P ¼ 0.36),
or Child–Pugh class (P ¼ 0.06). Although insurance

status was not associated with inconsistent surveillance
(P ¼ 0.23), this may relate to Parkland’s sliding fee scale
program, which provides a subsidy formedical care, such as
receipt of HCC surveillance. In multivariate analysis, alco-
hol abuse remained associated with lower rates of HCC
surveillance (OR, 0.14; 95%CI, 0.03–0.65) and hepatology

Table 1. Patient characteristics

Patient characteristics
Included patients
(N ¼ 178)

Age 56.9 (33.6–89.2)
Gender (% Male) 138 (77.5%)
Race
Caucasian 41 (23.0%)
Black 72 (40.5%)
Hispanic 50 (28.1%)
Asian 15 (8.4%)

Etiology
Hepatitis C 129 (72.5%)
Hepatitis B 13 (7.3%)
Alcohol 20 (11.2%)
NAFLD 12 (6.7%)
Other 4 (2.3%)

Insurance status
Medicare 52 (29.2%)
Medicaid 26 (14.6%)
Private Insurance 13 (7.3%)
None 87 (48.9%)

Alcohol (% active) 42 (23.6%)
Presence of ascites 79 (44.4%)
Presence of hepatic
encephalopathy

37 (20.8%)

Presence of any hepatic
decompensation

85 (47.8%)

Platelet count � 1,000/mm3 124.5 (6–542)
AST, U/L 88 (17–968)
ALT, U/L 48 (9–283)
Bilirubin, mg/dL 1.4 (0.2–22.4)
Albumin, g/dL 3.2 (1.6–4.5)
INR 1.2 (0.9–3.3)
Number of primary care clinic
visits before HCC diagnosis

6 (0–39)

Receipt of hepatology care
before HCC diagnosis

66 (37.1%)

Functional status (% ECOG 0–1) 156 (87.6%)
Child–Pugh score 7 (5–15)
Child–Pugh classification
Child A 70 (39.3%)
Child B 64 (36.0%)
Child C 44 (24.7%)

NOTE: All data are expressed as median (range) unless
otherwise specified.
Abbreviations: ALT, alanine aminotransferase; AST, aspar-
tate aminotransferase; ECOG, Eastern Cooperative Oncol-
ogy Group; INR, international normalized ratio.
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care was associated with higher rates of surveillance (OR,
6.11; 95% CI, 2.52–14.81; Table 2). Patients with alcohol
abuse had surveillance conducted in 4.8% (2 of 42) of
patients, compared with 25.0% (34 of 136) in patients
who were currently not drinking alcohol. Surveillance had
been conducted at least once in 40.9% (27 of 66) of patients
followed in hepatology clinic, compared with 8.0% (9 of
112) of patients without hepatology care.
The only factor associated with consistent surveillance

was receipt of hepatology care (OR, 7.39; 95% CI, 1.48–
37.0). Although rates were low in both groups, patients
being followed in hepatology clinic were significantly more
likely to have consistent surveillance (13.5% vs. 2.1%, P ¼
0.009).

Predictors for failures in the surveillance process
Recognition of liver disease was significantly associated,

in univariate analysis, with younger age (P ¼ 0.002),
thrombocytopenia (P ¼ 0.01), higher bilirubin (P ¼

0.03), hepatic decompensation (P¼ 0.006), lack of NAFLD
(P < 0.001), and presence of viral hepatitis (P < 0.001). Age
was collinearwith other covariates (variance inflation factor
10.3) and was removed from multivariate analysis. Recog-
nition of liver disease was driven by liver disease etiology in
multivariate analysis, with the highest rates among patients
with viral hepatitis (OR, 3.60; 95% CI, 1.31–9.93) and
lowest rates among patients with NAFLD (OR, 0.12; 95%
CI, 0.02–0.74; Table 3). Nine (81.8%) of 11 patients with
NAFLD had unrecognized liver disease, compared with
12.8% (18/141) of patients with viral hepatitis.

Predictors of recognizing cirrhosis in univariate analysis
included thrombocytopenia (P<0.001), higher bilirubin (P
¼ 0.020), hepatic decompensation (P ¼ 0.006), and hepa-
tology care (P¼ 0.001). Inmultivariate analysis, factors that
remained associated with recognition of cirrhosis were
platelet count less than 150 (OR, 5.80; 95% CI, 2.35–
14.33) and hepatology care (OR, 2.86; 95% CI, 1.01–
8.10; Table 4). More patients with thrombocytopenia had

Figure 1. Process of care failure
rates for hepatocellular carcinoma
surveillance.

Table 2. Predictors of inconsistent hepatocellular carcinoma surveillance (N ¼ 178)

Univariate analysis Multivariate analysis

Variable OR (95% CI) OR (95% CI)

Active alcohol abuse 0.15 (0.03–0.65) 0.14 (0.03–0.65)
Hepatology subspecialty care 7.92 (3.42–18.34) 6.11 (2.52–14.81)
Hepatic decompensation 3.10 (1.42–6.80) 2.21 (0.89–5.47)
Platelet count < 150 �1,000/mm3 2.40 (1.02–5.65) 1.72 (0.65–4.53)
Bilirubin level (continuous) 1.04 (0.96–1.13) 1.01 (0.90–1.14)

NOTE: 142 patients with no surveillance versus 36 patients with inconsistent surveillance.

Table 3. Predictors for successful recognition of liver disease (N ¼ 178)

Univariate analysis Multivariate analysis

Variablea OR (95% CI) OR (95% CI)

Viral etiology 6.47 (2.87–14.59) 3.60 (1.31–9.94)
NAFLD etiology 0.04 (0.01–0.21) 0.12 (0.02–0.74)
Hepatic decompensation 2.91 (1.31–6.48) 2.23 (0.88–5.61)
Bilirubin level (continuous) 1.09 (0.95–1.24) 1.05 (0.91–1.21)
Platelet count (continuous) 1.00 (0.99–1.00) 1.00 (0.99–1.00)

NOTE: One hundred and forty two patients with known liver disease versus 36 patients with failure to recognize liver disease
aAge was significant on univariate analysis (P ¼ 0.002) but was found to be collinear with other included variables (VIF 10.3) and
therefore removed from the multivariate model.
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their cirrhosis recognized compared with those having
higher platelet counts (46.0% vs. 11.1%, respectively).
Cirrhosis was recognized in 89.8% (53/59) of patients
followed in hepatology clinic, compared with 67.5%
(56/83) of patients without hepatology care.

Failure to order surveillance among patients with recog-
nized cirrhosis was associated with alcohol abuse (P ¼
0.006), lack of hepatology care (P ¼ 0.003), and less
primary care visits (P¼ 0.01) in univariate andmultivariate
analysis (Table 5). Patients with more primary care visits
(entered as continuous variable; OR, 1.08; 95% CI, 1.01–
1.16) and those receiving hepatology care (OR, 3.15; 95%
CI, 1.32–7.48) were more likely to have HCC surveillance
orders, whereas patients with alcohol abuse (OR, 0.29; 95%
CI, 0.09–0.97) were less likely to have orders. More patients
with alcohol abuse had failure of surveillance orders than
patients who were not drinking alcohol (84.6% vs. 54.2%,
respectively). Failure of surveillance orders was the reason
for the lack for HCC surveillance in 47.2% (25/53) of
patients followed in hepatology clinic, compared with
75.0% (42/56) among those followed in primary care
clinics alone. Patientswith surveillance orders had amedian
number of 7.5 primary care visits, compared with 4 visits
among those without surveillance orders.

Discussion
Our study is the first to provide in-depth analysis of

reasons for HCC surveillance process failures and report
why surveillance is underutilized (7, 9, 14, 15). We found
that only 20% of patients received HCC surveillance over a
2-year period. Although failure to order surveillancewas the
most common reason, we found multiple failure points in
the surveillance process, including nearly 40% of patients

having unrecognized liver disease and/or cirrhosis. There-
fore, interventions only aimed at increasing surveillance
orders, such as reminder systems, would likely have limited
effectiveness. Future interventions should help primary care
providers identify patients with liver disease and cirrhosis as
well as promote ordering ofHCC surveillance among at-risk
patients.

Our study shows that under-recognition of liver disease
and cirrhosis substantially contributes to HCC surveillance
failure. This issue is consistent with a study by Stravitz and
colleagues, in which 21.9% of patients presented with HCC
without known cirrhosis (16). Our higher rates of unrec-
ognized cirrhosis may be due to methodologic differences;
we determined if cirrhosis was known 1 to 2 years before
HCC diagnosis, when surveillance should have been con-
ducted, whereas Stravitz assessed if cirrhosis was known at
HCC diagnosis. We found that the subset of patients with
NAFLD were at highest risk of having unrecognized liver
disease, with lack of surveillance being attributed to unrec-
ognized liver disease in more than 80% of cases. Given that
NAFLD is a diagnosis of exclusion, with no serologic mar-
kers, providersmust rely onhigh clinical suspicion in at-risk
patients. With the prevalence of NAFLD increasing in the
United States (17), this issue may become more problem-
atic in the future.

Consistent with the prior studies showing high levels of
patient acceptance for HCC surveillance (15), our study
suggests that patient-level factors, such as adherence, and
system-level factors, including scheduling capacity, are not
currently major barriers to HCC surveillance. However,
careful process evaluation during intervention implemen-
tation will be crucial. Although failure to complete surveil-
lance despite orders was only documented in 3% of the

Table 5. Predictors for the presence of surveillance orders (n ¼ 109)

Univariate analysis Multivariate analysis

Variable OR (95% CI) OR (95% CI)

Active alcohol abuse 0.22 (0.07–0.68) 0.29 (0.09–0.97)
Hepatology subspecialty care 3.36 (1.49–7.56) 3.15 (1.32–7.48)
Number of primary care clinic visits (continuous) 1.08 (1.01–1.16) 1.08 (1.01–1.16)

NOTE: 42patientswith presenceof orders forHCCsurveillance versus67patientswith failure to orderHCCsurveillancedespite known
cirrhosis.

Table 4. Predictors for successful recognition of cirrhosis (n ¼ 142�)

Univariate analysis Multivariate analysis

Variable OR (95% CI) OR (95% CI)

Platelet count < 150 �1,000/mm3 6.81 (2.88–16.12) 5.80 (2.35–14.33)
Hepatology subspecialty care 4.26 (1.63–11.13) 2.86 (1.01–8.10)
Hepatic decompensation 3.40 (1.47–7.83) 2.48 (0.98–6.24)
Bilirubin level (continuous) 1.04 (0.93–1.17) 1.03 (0.92–1.15)

NOTE: 109 patients with known cirrhosis versus 33 patients with failure to recognize cirrhosis.
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patients, this could increase if interventions increased sur-
veillance orders and created a larger burden on the radiol-
ogy scheduling system.
We found that hepatology care was associated with the

receipt of HCC surveillance. A similar benefit was seen
among patients from the Surveillance Epidemiology and
End Results (SEER)-Medicare database, in which 27.3% of
patients receiving subspecialty care underwent surveillance
compared with 10.7% of those only seen by primary care
physicians (7). Given limited availability of subspecialty
care in some areas, referring every cirrhotic patient to sub-
specialists is not a viable option. Currently, primary care
physicians followmost cirrhotic patients, with only 20% to
40% being followed by gastroenterologists/hepatologists
(7). Although we were unable to determine reasons for this
disparity in surveillance rates, it may relate to differences in
provider knowledge about the benefits of surveillance.
Accordingly, educating primary care physicians about the
importance of HCC surveillance in patients with cirrhosis is
critical.
The other factor associated with HCC surveillance was

alcohol abuse, with current drinkers being significantly less
likely to undergoHCC surveillance. This associationmay be
related to multiple factors, including clinic time constraints
if these patients had more active issues, provider beliefs
about the benefits of surveillance in this subgroup, or
provider beliefs about the likelihood of adherence. The
association between number of primary care visits and
presence of surveillance orders suggests that physicians are
more likely to order surveillance with repeated opportu-
nities and that the clinic time constraints may play a role.
Further studies are necessary to better characterize the effects
of provider factors, such as attitudes and knowledge, on
surveillance utilization.
Our study has several limitations. Our conclusions reflect

a retrospective analysis of patients with HCC seen at a large
urban safety-net hospital, and therefore may not be gener-
alized to other practice settings. Further studies, with larger
sample sizes, are necessary to identify other potential pre-
dictors of surveillance failure and to determine if our results
are generalized.Given its retrospective nature, our studywas
also limited by possible unmeasured confounders and
missing data. Although some patients may have received
surveillance outside institutions, we believe this is unlikely
given that Parkland, as the safety-net health system for
DallasCounty, is theonly option formost indigent patients.
To minimize this bias, we excluded patients with less than

one year of care at Parkland before HCC diagnosis. The
retrospective nature of our study could have also led to
measurement bias, including inaccurate estimates of alco-
hol intake. Overall, we believe that our study’s limitations
are outweighed by its strengths including its well-charac-
terized cohort, its racially and socioeconomically diverse
population, and its large sample size followed over a 2-year
period. Most importantly, our study is the first to charac-
terize surveillance process failures that explain why HCC
surveillance is being underutilized—the first step to iden-
tifying appropriate intervention targets.

In conclusion, HCC surveillance is underutilized, with
less than one in five patients receiving any surveillance and
fewer than one in ten receiving consistent surveillance.
Underutilization is related to multiple failure points in the
HCC surveillance process including nearly 40% of patients
having unrecognized liver disease and/or cirrhosis. How-
ever, the most common reason for a lack of HCC surveil-
lance was failure to order HCC surveillance in patients with
known cirrhosis. Future interventions will need to target
multiple failure points in theHCCsurveillance process to be
highly effective.
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