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Abstract

Background—Fewer than 1 in 5 patients receive hepatocellular carcinoma surveillance; 

however, most studies were performed in racially and socioeconomically homogenous populations 

and few used guideline-based definitions for surveillance.

Aims—To characterize guideline-consistent hepatocellular carcinoma surveillance rates and 

identify determinants of hepatocellular carcinoma surveillance among a racially and 

socioeconomically diverse cohort of cirrhotic patients.

Methods—We retrospectively characterized hepatocellular carcinoma surveillance among 

cirrhotic patients followed between July 2008 and July 2011 at an urban safety-net hospital. 

Inconsistent surveillance was defined as at least one screening ultrasound during the 3-year period, 

annual surveillance as screening ultrasounds every 12 months, and biannual surveillance as 

screening ultrasounds every 6 months. Univariate and multivariate analyses were conducted to 

identify predictors of surveillance.
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Results—Of 904 cirrhotic patients, 603 (67%) underwent inconsistent surveillance. Failure to 

recognize cirrhosis was a significant barrier to surveillance utilization (p<0.001). Inconsistent 

surveillance was associated with insurance status (OR 1.43, 95%CI 1.03–1.98), multiple primary 

care visits per year (OR 2.63, 95%CI 1.86–3.71), multiple hepatology visits per year (OR 3.75, 

95%CI 2.64–5.33), African American race (OR 0.61, 95%CI 0.42–0.99), nonalcoholic 

steatohepatitis etiology (OR 0.60, 95%CI 0.37–0.98), and extrahepatic cancer (OR 0.43, 95%CI 

0.24–0.77). Only 98 (13.4%) of 730 patients underwent annual surveillance, and only 13 (1.7%) of 

786 had biannual surveillance.

Conclusions—Only 13% of patients with cirrhosis receive annual surveillance and less than 2% 

receive biannual surveillance. There are racial and socioeconomic disparities, with lower rates of 

hepatocellular carcinoma surveillance among African Americans and underinsured patients.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the third leading cause of cancer-related death 

worldwide and leading cause of death in patients with cirrhosis. Furthermore, its incidence is 

anticipated to continue increasing over the next two decades1. Prognosis for patients with 

hepatocellular carcinoma depends on tumor stage, with curative options only available for 

patients diagnosed at an early stage2. Patients with early hepatocellular carcinoma achieve 5-

year survival rates near 70% with resection and liver transplantation3, whereas patients with 

advanced hepatocellular carcinoma have median survival below one year4.

The American Association for the Study of Liver Diseases (AASLD) and National 

Comprehensive Cancer Network (NCCN) recommend hepatocellular carcinoma surveillance 

at six-month intervals in patients with cirrhosis5. Despite being efficacious and standard of 

care in patients with cirrhosis6, 7, hepatocellular carcinoma surveillance has not been 

adopted into clinical practice. Whereas colon and breast cancer screening rates are greater 

than 60%, fewer than 20% of patients with cirrhosis undergo hepatocellular carcinoma 

surveillance8–10. However, a systematic review found most studies used operational 

definitions for hepatocellular carcinoma surveillance, e.g. one ultrasound or alpha-

fetoprotein (AFP) in a two-year period, and few reported guideline-adherent definitions10.

Hepatocellular carcinoma disproportionately affects socioeconomically disadvantaged 

populations, with higher age-specific rates and worse survival among racial/ethnic 

minorities and patients of low socioeconomic status (SES) than their counterparts11–13. 

Reasons for differences in survival are likely multi-factorial, involving both medical and 

social factors. While disparities in utilization rates have been well documented for other 

cancer screening modalities, such as mammography and colonoscopy14–17, less is known 

about patient-level factors associated with hepatocellular carcinoma surveillance10, 18. Past 

hepatocellular carcinoma studies have been conducted in highly uniform populations with 

most patients being male, Caucasian, and insured10. The aims of our study were to 1) 

characterize guideline-consistent hepatocellular carcinoma surveillance rates among a cohort 
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of patients with cirrhosis, 2) characterize surveillance rates among those with recognized 

cirrhosis, and 3) identify patient-level determinants of hepatocellular carcinoma surveillance 

among a racially and socioeconomically diverse cohort of patients with cirrhosis.

METHODS

Study Population

We conducted a retrospective cohort study of cirrhotic patients followed at Parkland Health 

and Hospital System, the safety-net system for Dallas County. Parkland is an integrated 

system with eleven primary care provider clinics in low-income neighborhoods, a 

multidisciplinary hepatology outpatient clinic, and a tertiary hospital-all sharing one 

electronic medical record system. Parkland provides inpatient and outpatient care for most 

cirrhotic patients and approximately 50% of hepatocellular carcinoma patients in Dallas.

For inclusion, patients were required to have one outpatient primary care provider clinic 

visit between July 2008 and July 2011, with continued follow-up through the last year of the 

study period (August 2010 – July 2011). Patients were identified by a set of ICD-9 codes, 

which are highly sensitive and specific for cirrhosis (456.0, 456.1, 456.2, 456.21, 567.23, 

571.2, 571.5, 572.2, 572.3, and 572.4)19. One author (A.S.) adjudicated cases to confirm 

they met diagnostic criteria for cirrhosis, defined as Batts Ludwig stage 4 fibrosis on liver 

biopsy or a cirrhotic-appearing liver on abdominal imaging with signs of portal hypertension 

(e.g., varices, ascites, splenomegaly). This study was approved by the Institutional Review 

Board of UT Southwestern Medical Center.

Data Collection

Patient demographics, clinical history, laboratory data and imaging results were obtained 

through review of computerized medical records. Two authors (M.N. and P.K.) extracted 

information using standardized forms, with a third investigator (A.S.) available to resolve 

discrepancies.

Hepatocellular carcinoma Surveillance Outcomes—Dates of all hepatocellular 

carcinoma surveillance testing with abdominal ultrasound between July 2008 and July 2011 

were abstracted. We did not assess receipt of surveillance prior to July 2008 as Parkland’s 

electronic medical record was not implemented at that time. Given that recognition of 

cirrhosis is an important mediator of surveillance underutilization, we performed a subgroup 

analysis among patients who had recognized cirrhosis during the entire study period. 

Recognition of cirrhosis was defined as mention of pathologic, radiologic, or clinical signs 

of cirrhosis in providers’ clinical notes.

We characterized patients based on receipt of hepatocellular carcinoma surveillance, which 

was our primary outcome of interest, using three definitions. Inconsistent surveillance was 

defined as one abdominal ultrasound, for surveillance purposes, over the study period. 

Consistent annual surveillance was defined as at least one abdominal ultrasound study, for 

surveillance purposes, every 12 months. For this analysis, patients were required to have 

greater than one year of care at Parkland so annual surveillance rates could be assessed. 

Finally, we assessed consistent biannual surveillance rates, requiring the receipt of 
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consistent surveillance every 6 months. For this analysis, patients were required to have 

greater than six months of follow-up. Imaging was determined to be for surveillance 

purposes through review of imaging reports and clinical notes. Imaging exams performed 

for diagnostic reasons, e.g. abdominal pain or elevated liver enzymes, were not included as 

surveillance exams.

Covariates—Age, gender, race, ethnicity, preferred language, marital status, and insurance 

type were recorded. We detailed drug, alcohol and smoking history, with active alcohol 

abuse defined as drinking more than 40 grams/day. Data regarding underlying etiology and 

presence of decompensation (ascites or hepatic encephalopathy) were abstracted from 

laboratory data and clinical notes. We classified patients according to etiology of liver 

disease, including hepatitis C virus, hepatitis B virus, alcohol-related liver disease, 

nonalcoholic steatohepatitis, and other. Dates of liver disease diagnosis and cirrhosis 

diagnosis were abstracted. Date of first medical encounter and number of primary care 

provider or hepatology clinic visits were documented. Laboratory data of interest included 

platelet count, creatinine, aspartate aminotransferase (AST), alanine aminotransferase 

(ALT), bilirubin, albumin, international normalized ratio (INR), and alpha fetoprotein 

(AFP). Multivariate imputation was used to address missing data (<10% missing data for all 

laboratory data).

Statistical Analysis

In univariate analysis, Fisher exact and Mann Whitney rank-sum tests were performed to 

identify patient-factors associated with receipt of hepatocellular carcinoma surveillance. 

Multivariate logistic regression models included variables of a priori clinical importance 

(e.g., race, insurance status, Child Pugh class, and receipt of hepatology care) and any 

factors significant on univariate analysis. Predictor variables with p<0.10 in univariate 

analysis were included in multivariate models to minimize type II error. Statistical 

significance was defined as p< 0.05 for multivariate analyses. All data analysis was 

performed using Stata 11 (StataCorp, College Station, TX) and SAS 9.3 (SAS Institute, 

NC).

RESULTS

Patient Characteristics

We identified 904 patients with cirrhosis who met inclusion criteria. The median age of 

patients was 54.8 years (range 21.0–84.2), and 592 (65%) were men. Our population was 

racially diverse, with 22% African Americans, 36% non-Hispanic Caucasians, and 40% 

Hispanic Caucasians. Nearly 43% of patients were uninsured/underinsured, 53% had 

Medicare or Medicaid, and only 4% had private health insurance. The most common 

etiologies of cirrhosis were hepatitis C virus (53%), alcohol-induced liver disease (28%), 

and non-alcoholic steatohepatitis (13%). The median Child-Pugh score at diagnosis was 7 

(range 5–14), with 43% of patients having Child-Pugh A cirrhosis.

Patients had been followed at Parkland for a mean of 2.3 years and median of 3 years (range 

0.5–3 years). Sixty patients had been followed for less than 1 year, 108 patients for 1 year, 
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281 patients for 2 years, and 455 had been followed for the entire 3-year period. Patients had 

a median of 2 (range 0–14) primary care provider visits per year and 0.67 (range 0–18) 

hepatology visits per year.

Receipt of Inconsistent Surveillance

Inconsistent surveillance had been performed in 603 (66.7%) patients. Of the other 301 

patients who had not undergone surveillance, 193 had received an ultrasound for non-

surveillance purposes. Only 22 patients had an ultrasound ordered by their provider but had 

not completed the test. Alpha fetoprotein had been performed at least once in 486 (80.6%) of 

patients with inconsistent surveillance and 174 (56.9%) of those without surveillance. 

Inconsistent surveillance rates were significantly different according to length of follow-up 

(p=0.01). Inconsistent surveillance rates were 43.5% among the 108 patients followed for 1–

2 years, 62.3% among the 281 patients followed for 2–3 years, and 70.6% among the 455 

patients with 3 years of follow-up.

In univariate analysis, inconsistent surveillance was positively associated with insurance 

status (p=0.05), number of primary care provider visits per year (p<0.001) and number of 

hepatology visits per year (p<0.001). It was negatively associated with African American 

race (p=0.07), nonalcoholic steatohepatitis etiology (p=0.003), Child Pugh C cirrhosis 

(p=0.005), ongoing alcohol use (p<0.001), and presence of an extrahepatic cancer 

(p=0.004). Inconsistent surveillance was not associated with age (p=0.72), gender (p=0.37), 

marital status (p=0.62), or Eastern Cooperative Oncology Group (ECOG) performance 

status (p=0.32). Although surveillance rates were lower in those with extrahepatic 

malignancy, there was no association with other comorbidities including congestive heart 

failure (p=1.0), cerebrovascular disease (p=0.86), or chronic obstructive pulmonary disease 

(p=0.90).

In multivariate analysis, inconsistent surveillance was positively associated with insurance 

status (OR 1.43, 95%CI 1.03–1.98), having more than one primary care provider visit per 

year (OR 2.63, 95%CI 1.86–3.71), and having more than one hepatology visit per year (OR 

3.75, 95%CI 2.64–5.33). Inconsistent hepatocellular carcinoma surveillance was inversely 

associated with African American race (OR 0.61, 95%CI 0.42–0.99), nonalcoholic 

steatohepatitis etiology (OR 0.60, 95%CI 0.37–0.98), and the presence of extrahepatic 

cancer (OR 0.43, 95%CI 0.24–0.77) (Table 1). These risk factors discriminated between the 

presence and absence of inconsistent surveillance with fair accuracy, with a c-statistic of 

0.72 (95%CI 0.68–0.76).

Inconsistent Surveillance among Patients with Recognized Cirrhosis

Failure to recognize cirrhosis was a major barrier to surveillance utilization, with 

significantly higher inconsistent surveillance rates in those who had recognized cirrhosis 

during the first year of the study period (76.4% vs. 62.7%, p<0.001). Among the 347 

patients with recognized cirrhosis during the entire study period, hepatocellular carcinoma 

surveillance was significantly associated with having more than one primary care provider 

visit per year (OR 3.80, 95%CI 2.06–7.01) and having more than one hepatology visit per 

year (OR 2.30, 95%CI 1.20–4.39) in multivariate analysis. Hepatocellular carcinoma 
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surveillance rates were inversely associated with African American race (OR 0.40, 95%CI 

0.21–0.77), nonalcoholic steatohepatitis etiology (OR 0.34, 95%CI 0.15–0.77), and the 

presence of Child Pugh C cirrhosis (OR 0.47, 95%CI 0.24–0.90).

Receipt of Annual Surveillance

Of 730 patients with greater than one year of follow-up, 98 (13.4%) had consistent annual 

surveillance (Table 2). Annual surveillance was significantly associated with duration of 

follow-up, with surveillance rates of 21.0% (59/281) among patients followed for 2 years 

but only 8.7% (39/449) among those followed for 3 years (p<0.001). Patients with known 

cirrhosis during the entire study period had annual surveillance performed in 20.4% (66/323) 

of patients, compared to 7.4% (25/339) in patients with unrecognized cirrhosis (p<0.001).

In univariate analysis, annual surveillance was associated with male gender (p=0.03), 

nonalcoholic steatohepatitis etiology (p=0.01), and number of hepatology clinic visits per 

year (p=0.002). Annual surveillance was not associated with Child Pugh C cirrhosis 

(p=0.35) or ECOG performance status (p=1.0). Although not significant on univariate 

analysis, we included a priori variables including race, insurance status, and Child Pugh 

class. In multivariate analysis, annual surveillance was significantly associated with male 

gender (OR 1.63, 95%CI 1.00–2.67) and number of hepatology clinic visits per year (OR 

1.99, 95%CI 1.28–3.10) and inversely associated with nonalcoholic steatohepatitis etiology 

(OR 0.41, 95%CI 0.17–0.99) (Table 3). Patients with less than two hepatology clinic visits 

per year had surveillance performed in 10.9% of patients, compared to 19.3% in patients 

with two or more visits per year. Annual surveillance rates were 5.7% among patients with 

nonalcoholic steatohepatitis cirrhosis, compared to 14.7% among those with other etiologies 

of liver disease.

Receipt of Biannual Surveillance

There were 786 patients with greater than six months of follow-up, of whom only 13 (1.7%) 

had consistent surveillance every 6 months. Biannual surveillance rates were 22% (11/50) 

among patients followed for one year, 0.4% (1/281) among those followed for two years, 

and 0.2% (1/455) among patients followed for three years. In univariate analysis, biannual 

surveillance was associated with Child Pugh score (p=0.02) and number of hepatology clinic 

visits per year (p=0.004). In multivariate analysis, the only factor associated with receipt of 

biannual surveillance was the number of hepatology clinic visits per year (OR 8.38, 95% CI 

2.28 – 30.7). Biannual surveillance rates were 0.5% (3/556) among those with less than two 

hepatology clinic visits per year, 2.7% (5/186) among those with 2–5 visits per year, and 

11.4% (5/44) among those with 5 or more visits per year.

DISCUSSION

Although a meta-analysis found less than 20% of patients in the United States undergo 

hepatocellular carcinoma surveillance10, the estimate was limited by heterogeneity of 

operational definitions for surveillance. Clear consistent definitions and measures are 

necessary to interpret and quantify hepatocellular carcinoma surveillance rates20. To the best 

of our knowledge, our study is the first to report guideline-adherent surveillance rates in a 
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large cohort, with nearly 1000 patients followed up to 3 years. In our study, two-thirds of 

patients had inconsistent surveillance but only 13% had annual surveillance. Even more 

concerning, biannual surveillance rates were disappointingly low at only 1.7%.

Our results are consistent with the complexity of the surveillance process, with multiple 

steps that are prone to failure21. Providers must accurately identify high-risk patients and 

order surveillance testing, the healthcare system must schedule the tests, and patients must 

adhere with surveillance recommendations22–25. Furthermore, the surveillance process must 

be repeated every 6 months to be effective. A breakdown at any step results in screening 

failure, which is associated with higher rates of advanced tumor stages26. The most common 

reasons for hepatocellular carcinoma surveillance underuse in clinical practice include 

under-recognition of cirrhosis and lack of provider orders for hepatocellular carcinoma 

surveillance in those with known cirrhosis, with patient non-compliance being found in a 

minority of cases24. In our study, patient noncompliance accounted for less than 10% of 

cases in which surveillance were not completed (data not shown). This process may be 

particularly challenging for safety-net institutions, which can be overwhelmed with the large 

number of patients relative to limited clinic availability.

Several studies have reported racial and socioeconomic disparities in hepatocellular 

carcinoma surveillance10 and treatment utilization27, with lower surveillance rates in non-

Caucasians and patients of low socioeconomic status. However, studies to date have been 

conducted in highly homogenous populations. Our study is the first to quantify surveillance 

rates among a large racially and socioeconomically diverse cohort. We demonstrated both 

racial and socioeconomic disparities in receipt of inconsistent surveillance in a safety-net 

population, with lower rates among underinsured patients and African American patients, 

after adjusting for several factors including liver function and clinic access. Unfortunately, 

we were unable to identify determinants of surveillance underutilization in this subgroup of 

patients, and studies are needed to determine if racial disparities in hepatocellular carcinoma 

surveillance are driven by provider-level or patient-level attitudes and behaviors.

We also found hepatology subspecialty care was associated with consistent hepatocellular 

carcinoma surveillance. A similar finding was reported among patients from SEER-

Medicare, in which 27.3% of patients receiving subspecialty care underwent surveillance 

compared to only 10.7% of those seen by primary care proviers9. Given limited availability 

of subspecialty care in some areas, including safety-net hospitals, referring every cirrhotic 

patient to subspecialists is not a viable option. In fact, primary care providers follow most 

cirrhotic patients in the United States, with only 20–40% being followed by 

gastroenterologists/hepatologists28. However, it is unknown if this disparity relates to 

differences in provider knowledge or reflects a selection bias. Further studies are needed to 

characterize primary care providers’ knowledge, attitudes, and perceived barriers regarding 

hepatocellular carcinoma surveillance.

Most data regarding hepatocellular carcinoma surveillance underutilization has been derived 

from automated electronic data, such as administrative and registry data8, 9. These databases 

capture large numbers of patients, allowing for generalizable results with tight confidence 

intervals; however, automated data fail to capture data that is needed to determine potential 

Singal et al. Page 7

Am J Med. Author manuscript; available in PMC 2016 January 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



exceptions to care. A study assessing performance measures among patients with hepatitis C 

virus infection highlighted how failure to account for care exceptions can miscode high 

quality care as poor quality29. We found that hepatocellular carcinoma surveillance was 

negatively associated with the presence of extrahepatic cancer on multivariate analysis. 

Interestingly, patients with Child Pugh C cirrhosis or poor functional status underwent 

surveillance at similar rates, despite lack of proven benefit in these subgroups. Further 

studies should continue to characterize potential exceptions to care that might partly explain 

hepatocellular carcinoma surveillance underutilization.

Our study has several limitations. Our conclusions reflect a retrospective analysis of patients 

with hepatocellular carcinoma seen at a large urban safety-net hospital, and therefore may 

not be generalized to other practice settings. Given its retrospective nature, our study was 

also limited by possible unmeasured confounders and missing data. Although some patients 

may have received hepatocellular carcinoma surveillance at outside institutions, we believe 

this is unlikely given that Parkland, as the safety-net health system for Dallas County, is the 

only option for most indigent patients. The retrospective nature of our study could have also 

led to measurement bias, such as inaccurate estimates of cirrhosis recognition and/or ECOG 

functional status. Overall, we believe the limitations of our study are outweighed by its 

strengths including its relatively large size, racially and socio-economically diverse 

population, and well-characterized outcome measures.

In conclusion, we believe this is the first study to report guideline-consistent surveillance 

rates among a large cohort of racially and socio-economically diverse patients. We found 

only 13% of patients had annual surveillance and only 1.7% had consistent biannual 

surveillance. Furthermore, we found racial and socioeconomic disparities in receipt of 

inconsistent surveillance, with significantly lower rates among African Americans and 

underinsured patients. Studies are needed to explore reasons for underutilization of 

surveillance, as these can help identify appropriate intervention targets to increase 

hepatocellular carcinoma surveillance rates and help reduce socio-demographic disparities.
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Clinical Significance

♦ Less than 5% of patients with cirrhosis undergo guideline-consistent biannual 

surveillance for hepatocellular carcinoma

♦ There are racial and socioeconomic disparities in hepatocellular carcinoma 

surveillance utilization, with lower surveillance rates among African 

Americans and underinsured patients

♦ Receipt of hepatology subspecialty care is associated with significantly 

higher hepatocellular carcinoma surveillance rates

♦ Potential exceptions to care, such as significant comorbid illnesses, may in 

part explain hepatocellular carcinoma surveillance underutilization
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Figure 1. 
Hepatocellular Carcinoma Surveillance Rates

* Consistent annual surveillance was assessed among the 730 patients with greater than one 

year of follow-up. Consistent biannual surveillance rates were assessed among the 786 

patients with greater than six months of follow-up.
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Table I

Predictors of inconsistent hepatocellular carcinoma surveillance*

Variable*
Univariate Analysis Multivariate Analysis

OR 95% CI Adjusted
OR 95% CI

Insurance status 1.32 1.00–1.74 1.43 1.03–1.98

More than one hepatology visit per year 3.24 2.37–4.43 3.75 2.64–5.33

More than one primary care visit per year 2.21 1.66–2.95 2.63 1.86–3.71

African American race 0.73 0.53–1.02 0.61 0.42–0.99

Nonalcoholic steatohepatitis etiology 0.55 0.37–0.82 0.60 0.37–0.98

Extrahepatic cancer 0.46 0.27–0.78 0.43 0.24–0.77

Child Pugh C cirrhosis 0.63 0.46–0.86 0.75 0.52–1.08

Active alcohol use 0.58 0.42–0.80 0.80 0.56–1.15

*
Inconsistent surveillance was defined as at least one ultrasound for surveillance purposes over the three-year period
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Table II

Patient characteristics stratified by consistent annual hepatocellular carcinoma surveillance

Patient Characteristics Patient with
consistent

hepatocellular
carcinoma

surveillance
(n=98)

Patients without
consistent

hepatocellular
carcinoma

surveillance
(n=632)

p-value

Age 54.6 ± 11.3 55.3 ± 10.6 0.56

Gender (% Male) 72 (73.5%) 391 (61.9%) 0.03

Race/Ethnicity 0.95

   Caucasian 32 (32.7%) 219 (34.7%)

   Black 20 (20.4%) 139 (22.0%)

   Hispanic 44 (44.9%) 256 (40.5%)

   Asian 2 (2.0%) 15 (2.4%)

Etiology 0.07

   Hepatitis C 57 (58.2%) 327 (51.7%)

   Hepatitis B 4 (4.1%) 21 (3.3%)

   Alcohol 30 (30.6%) 166 (26.3%)

   Nonalcoholic steatohepatitis 6 (6.1%) 99 (15.7%)

Insurance status 0.49

   Medicare 33 (33.7%) 230 (36.5%)

   Medicaid 18 (18.4%) 126 (20.0%)

   Private Insurance 7 (7.1%) 24 (3.8%)

   Uninsured 40 (40.8%) 250 (39.7%)

Preferred language (% English) 72 (73.5%) 473 (75.1%) 0.71

Functional status (% ECOG 0–2) 79 (98.8%) 495 (98.4%) 1.0

Alcohol (% active) 18 (19.0%) 139 (23.2%) 0.69

HIV status (% positive) 9 (16.1%) 50 (12.4%) 0.40

Presence of ascites 38 (38.8%) 233 (36.9%) 0.72

Presence of hepatic encephalopathy 25 (25.5%) 126 (19.9%) 0.21

Platelet count * 1000/mm3 88 (4–234) 98 (3 – 476) 0.008

AST (U/L) 54 (16 – 280) 55 (9 – 1008) 0.41

ALT (U/L) 37 (11 – 333) 38 (5 – 2253) 0.68

Bilirubin (mg/dL) 1.3 (0.2 – 32.8) 1.0 (0.1 – 30.0) 0.14

Albumin (g/dL) 3.4 (1.2 – 4.8) 3.5 (1.2 – 4.8) 0.84
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Patient Characteristics Patient with
consistent

hepatocellular
carcinoma

surveillance
(n=98)

Patients without
consistent

hepatocellular
carcinoma

surveillance
(n=632)

p-value

Creatinine (mg/dL) 0.9 (0.4 – 10.3) 0.9 (0.1 – 12.8) 0.11

INR 1.2 (0.9 – 4.0) 1.2 (0.9 – 6.3) 0.94

Child Pugh score 7 (5–13) 7 (5 – 14) 0.54

Child Pugh classification 0.63

   Child Pugh A 39 (40.2%) 266 (44.5%)

   Child Pugh B 42 (43.3%) 228 (38.1%)

   Child Pugh C 16 (16.5%) 104 (17.4%)

Number of primary care clinic visits per year 2.3 (0 – 12.7) 2.3 (0 – 13.2) 0.50

Number of hepatology clinic visits per year 1.0 (0 – 11.0) 0.7 ( 0 – 10.5) 0.002

All data are expressed as median (range) unless otherwise specified

ALT – alanine aminotransferase; AST – aspartate aminotransferase; ECOG – Eastern Cooperative Oncology Group; INR – international 
normalized ratio
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Table III

Predictors of annual hepatocellular carcinoma surveillance*

Variable
Multivariate Analysis

Effect size
OR 95% CI

Male gender 1.63 1.00 – 2.67 15.6% vs. 9.7%

Two or more hepatology visits per year 1.99 1.28 – 3.10 19.3% vs. 10.9%

Nonalcoholic steatohepatitis etiology 0.41 0.17 – 0.99 5.7% vs. 14.7%

Caucasian race** 1.21 0.76 – 1.92 13.8% vs. 12.8%

Insurance status** 1.18 0.76 – 1.84 13.8% vs. 13.2%

Child Pugh class C cirrhosis** 0.70 0.39 – 1.23 11.0% vs. 14.1%

*
Annual surveillance was defined as at least one ultrasound for surveillance purposes every 12 months

**
Race, insurance status, and Child Pugh class were entered into multivariate model given a priori importance
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