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Abstract

Purpose—Fewer than 1 in 5 patients with cirrhosis receive hepatocellular carcinoma (HCC) 

surveillance; however, most studies were performed in select patient populations, which may not 

be informative of practice patterns in population-based community practices. Further, few reported 

guideline-concordant consistent surveillance rates.

Goals—Characterize guideline-concordant HCC surveillance rates and patient-level factors 

associated with surveillance among a population-based cohort of patients with cirrhosis.

Study—We retrospectively characterized HCC surveillance among cirrhosis patients followed 

between January 2010 and December 2012 at an integrated healthcare delivery system in 

Washington state. Consistent surveillance was defined as an ultrasound every 6 months, and 

inconsistent surveillance was defined as ≥1 ultrasound during the two-year follow-up period. 

Univariate and multivariate analyses were conducted to identify correlates of HCC surveillance 

receipt.

Results—Of 1137 patients with cirrhosis, 22 (2%) underwent consistent surveillance, 371 (33%) 

had inconsistent surveillance, and 744 (65%) received no surveillance during follow-up. Correlates 

of HCC surveillance receipt in multivariate analysis included Gastroenterology/Hepatology 

subspecialty care (OR 1.88, 95%CI 1.44 – 2.46), Child Pugh B/C cirrhosis (OR 1.61, 95%CI 1.07 

– 2.43), elevated AST (OR 1.63, 95%CI 1.13 – 2.35), and etiology of liver disease. Compared to 

hepatitis C-infected patients, patients with hepatitis B infection were more likely to undergo 

surveillance ((OR 2.72, 95%CI 1.28 – 5.81), while patients with alcohol-related cirrhosis (OR 
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0.63, 95%CI 0.42 – 0.93) and nonalcoholic steatohepatitis (OR 0.39, 95%CI 0.28 – 0.56) were less 

likely to undergo surveillance.

Conclusions—Although one-third of patients undergo inconsistent HCC surveillance, less than 

2% of patients receive guideline-concordant biannual HCC surveillance.
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INTRODUCTION

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

worldwide and one of the leading causes of death in patients with cirrhosis(1). HCC 

incidence in the United States (US) has more than doubled over the past two decades and is 

anticipated to continue increasing over the next 20 years. By 2030, HCC is projected to 

surpass breast and colorectal cancer to become the third leading cause of cancer-related 

death in the United States(2).

HCC surveillance has the potential to improve early tumor detection and overall survival in 

patients with cirrhosis, who are at high risk for developing HCC(3). Patients with early stage 

HCC achieve 5-year survival rates near 70% with curative treatment including resection or 

transplantation, which is in stark contrast to a median survival of one year for those with 

advanced HCC who are only eligible for palliative treatments(4). Several cohort studies have 

demonstrated patients undergoing surveillance have earlier stages of disease as well as 

improved survival than those who had not undergone surveillance(5). However, two 

systematic reviews evaluating HCC surveillance in patients with cirrhosis highlighted the 

lack of Level I data and concluded available data from cohort studies have notable 

limitations, including selection bias, lead time bias, and length time bias. Based on current 

evidence, several societies including the National Comprehensive Cancer Network (NCCN), 

Veterans Affairs (VA), and American Association for Study of Liver Diseases (AASLD) 

recommend HCC surveillance with an ultrasound every 6 months in patients with 

cirrhosis(6, 7).

Whereas colorectal and breast cancer screening rates exceed 50%(8), fewer than 20% of 

patients with cirrhosis undergo HCC surveillance(9). Patients receiving subspecialty care 

have higher surveillance rates, but only 20-40% of patients with cirrhosis are followed by 

gastroenterologists nationally and the majority of patients with cirrhosis continue to receive 

their liver-related care, including HCC surveillance, through primary care providers (PCP)

(10-12). Most studies only assessed inconsistent surveillance rates, such as receipt of one 

ultrasound or alpha-fetoprotein in a two-year period, and few distinguished different patterns 

of surveillance including consistent surveillance every 6 months as recommended by 

guidelines(9).

Further, most studies examining HCC surveillance uptake have been conducted in academic 

or safety-net hospital settings, which may not reflect HCC surveillance delivery in other 

community practices(13, 14). The multi-center studies examining this issue were similarly 
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conducted in selected populations, using the SEER-Medicare(15) and VA databases(16), and 

may be less representative than data from large integrated health care systems, such as those 

within the National Cancer Institute (NCI)-funded Cancer Research Network (CRN). 

Differences in organizational factors have led to variations in colon, breast, and cervical 

cancer surveillance rates, highlighting the importance of characterizing HCC surveillance 

practices in these diverse practice settings(17). For example, cancer surveillance rates are 

negatively correlated with higher clinic patient volumes but are higher in organizations with 

increased surveillance facility availability(18). Similarly, organizational processes, such as 

provider reminder and/or audit-feedback systems, can impact provider recommendation and 

cancer screening process completion rates(19). Finally, organizations can differ in the 

perceived importance of subspecialty society recommendations that are not otherwise 

endorsed by US Preventive Services Task Force (USPSTF) other major guideline committee.

Therefore, the aims of our study were to 1) characterize patterns of HCC surveillance testing 

and 2) patient-level factors associated with surveillance receipt among a population-based 

cohort of patients with cirrhosis followed in a large integrated healthcare delivery system.

MATERIALS AND METHODS

Study Population

We conducted a retrospective cohort study of patients with cirrhosis who were enrolled at 

Group Health, an integrated healthcare delivery system in Washington state. Group Health is 

involved in several multi-site efforts to charactertize the cancer screening processes, 

including through the CRN, Population-Based Reseach Optimizing Screening through 

Personalized Regimens (PROSPR), and the Breast Cancer Surveillance Consortium(19, 20). 

Patients were initially 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). Cirrhosis was defined by the presence of any of the above cirrhosis-related ICD-9 

codes, as this algorithm was found to be sufficiently accurate and has been used in other 

studies evaluating cirrhosis-related care(14, 21-22). Patients were required to have at least 

one outpatient primary care provider (PCP) clinic visit between January 1, 2010 and 

December 31, 2010 and at least one year of prior continuous enrollment to obtain baseline 

data. The first visit during the January 2010 – December 2010 time frame was defined as a 

patient's index visit. Patients were excluded if they were not Group Health members, had a 

history of HCC or liver transplantation prior to his/her index visit, or were followed for less 

than 6 months after index date. This study was approved by the Institutional Review Boards 

of UT Southwestern Medical Center and Group Health.

Data Collection

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

electronically extracted from Group Health computerized clinical and administrative 

databases.

Hepatocellular Carcinoma Surveillance Outcomes—Dates of all abdominal 

ultrasounds were extracted for the two years following the index visit. We characterized 
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patients based on receipt of HCC surveillance (i.e. abdominal ultrasound), our primary 

outcome of interest, during the follow-up period for each patient. Patient follow-up was 

censored at the first of HCC diagnosis, liver transplantation, death, disenrollment from the 

health plan, or two-year date after the patient's index visit. Receipt of surveillance during 

follow-up was categorized as consistent, inconsistent, or no surveillance. Consistent 

surveillance was defined as the receipt of abdominal ultrasound every 6 months, inconsistent 

surveillance defined as the receipt of at least one abdominal ultrasound over the study period 

but less than consistent surveillance, and no surveillance defined as not undergoing any 

abdominal ultrasounds during the time frame. Only abdominal ultrasound imaging was 

considered surveillance imaging given CT and MRI are not routinely used for HCC 

surveillance purposes at Group Health. Ultrasounds performed in the emergency room and 

inpatient exams were not included in our primary outcome given the low likelihood of 

surveillance intent; however, they were included for our secondary outcome capturing 

ultrasound receipt for any indication.

Covariates—Clinical variables of interest included liver disease etiology, degree of liver 

dysfunction, comorbidity status, and alcohol and/or drug abuse in the year preceding index 

visit. We classified patients according to etiology of liver disease, including hepatitis C virus 

(HCV), hepatitis B virus (HBV), alcohol-related liver disease, nonalcoholic steatohepatitis 

(NASH), and other based on laboratory data and ICD-9 codes (Supplemental Table). NASH 

cirrhosis was defined in patients who had evidence of the metabolic syndrome in the absence 

of HCV infection, HBV infection, or alcohol-related cirrhosis. Child Pugh score, a marker of 

liver dysfunction, was calculated for each patient based on presence of ascites, 

encephalopathy, and laboratory data (bilirubin, albumin, and INR) in the year preceding 

index visit(23). For patients with multiple available lab values, those closest to index visit 

were selected. The presence of hepatic decompensation, including ascites and 

encephalopathy, was determined using a combination of ICD-9 codes and pharmacy codes 

for spironolactone, furosemide, lactulose and/or rifaximin. Comorbidity status in the twelve 

months prior to the index visit was assessed using the Charlson comorbidity index, as has 

been done in prior studies using data from Group Health(19, 24). The presence of alcohol 

and drug abuse was determined using ICD-9 codes.

We captured length of enrollment at Group Health prior to the index visit, allowing up to a 

3-month gap in coverage. We recorded primary care visits and receipt of subspecialty 

gastroenterology care in the year preceding index visit. For provider-level variables, we 

captured professional degree (MD, DO, PA) and age for the patient's PCP at time of index 

visit. Finally, zip-code level variables of interest included census-percent of persons with 

high school education, socioeconomic quintile, percent of households on public assistance, 

and travel time to nearest clinic at the time of the index visit.

Statistical Analysis

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

identify baseline patient-factors associated with receipt of HCC surveillance. The 

multivariate logistic regression model included variables of a priori clinical importance (i.e., 

baseline Child Pugh class and receipt of Gastroenterology/Hepatology care) and any factors 
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significant on univariate analysis. Receipt of HCC surveillance was categorized as any 

(consistent or inconsistent) vs. no surveillance during the follow-up period given the small 

number of patients with consistent surveillance. 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 9.4 (SAS Institute, 

NC).

RESULTS

Patient Characteristics

We initially identified 1397 patients who met inclusion criteria. Patients were excluded if 

they had a history of liver transplantation (n=130), history of HCC (n=48), refused to 

participate in retrospective analyses (n=12), or were followed for less than 6 months after 

index visit (n=70). After applying these exclusion criteria, 1137 patients with cirrhosis 

remained for analyses. Patient characteristics are detailed in Table 1. The median age of 

patients was 60 (interquartile range (IQR) 54–70) years, and 583 (51.3%) were men. Our 

population consisted of 76.1% non-Hispanic Caucasians, 7.8% Asians, 5.3% African 

Americans, and 4.8% Hispanic Caucasians. The most common etiologies of cirrhosis were 

HCV infection (28.9%), NASH (28.7%), and alcohol-induced liver disease (16.2%). Nearly 

one-fourth of patients (n=262) had cirrhosis without documented evidence of HCV, HBV, 

alcohol abuse or NASH. The median Child-Pugh score at diagnosis was 5 (IQR 5-6), with 

89.1% of patients having Child-Pugh A cirrhosis. Patients had a median of 15.3 years (IQR 

8.03–22.0 years) Group Health enrollment before their index visit. Patients had a median of 

7 (IQR 4-11) PCP visits, and 422 (37.1%) had at least one Gastroenterology/Hepatology 

visit in the year preceding their index visit.

Receipt of Surveillance

Surveillance was performed at least once during follow-up in 393 (34.6%) patients. An 

additional 53 patients received an ultrasound in the emergency room or as an inpatient, 

presumably for non-surveillance purposes, and were classified as having no surveillance. Of 

the 1053 with at least 12 months of follow-up, only 22 had consistent surveillance (Figure 

1). Consistent surveillance was performed in 1.7% of the 58 patients followed for 12 – <18 

months and 2.1% of the 995 patients followed for 18-24 months.

Inconsistent surveillance occurred in 27.4% of 84 patients followed for 6 – <12 months, 

27.6% of 58 patients followed for 12 – <18 months, and 33.6% of 995 patients followed for 

18-24 months (data now shown). Receipt of inconsistent surveillance was not significantly 

different according to length of follow-up (p=0.48). Of those followed for 18 – <24 months 

with inconsistent surveillance, <5 patients had two surveillance ultrasound exams and 17 had 

only one surveillance ultrasound; of those followed for 24 months, 35 patients had 3 

surveillance exams, 86 had 2 surveillance exams, and 185 had only one surveillance 

ultrasound. Alpha fetoprotein (AFP) had been performed at least once during follow-up in 

240 (61.1%) patients with inconsistent surveillance and 77 (10.4%) of those without 

surveillance.
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In univariate analysis, receipt of any surveillance was associated with age, liver disease 

etiology, Child Pugh class, Gastroenterology/Hepatology subspecialty care in year prior to 

index date, thrombocytopenia, and elevated AST. The presence of ascites, hepatic 

encephalopathy, and bilirubin were also significant on univariate analysis but not included in 

multivariate analysis given they are components of Child Pugh class. We found no 

association between receipt of surveillance and gender, race/ethnicity, Charlson comorbidity 

index, neighborhood-level income or education, or number of primary care visits in the year 

preceding index visit. In multivariate analysis, surveillance was associated with 

Gastroenterology/Hepatology subspecialty care (OR 1.88, 95%CI 1.44 – 2.46), baseline 

AST >40 U/L (OR 1.63, 95%CI 1.13 – 2.35), Child Pugh B/C cirrhosis (OR 1.61, 95%CI 

1.07 – 2.43) (Table 2), and liver disease etiology. Compared to hepatitis C-infected patients, 

patients with hepatitis B infection were more likely to undergo surveillance ((OR 2.72, 

95%CI 1.28 – 5.81), while patients with alcohol-related cirrhosis (OR 0.63, 95%CI 0.42 – 

0.93) and nonalcoholic steatohepatitis (OR 0.39, 95%CI 0.28 – 0.56) were less likely to 

undergo surveillance (Figure 2). These risk factors demonstrated acceptable discrimination 

between the presence and absence of inconsistent surveillance (c-statistic of 0.69).

DISCUSSION

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

HCC surveillance, most studies were conducted in selected populations, e.g. Medicare or VA 

patients, which may not be representative of HCC surveillance delivery in community 

practices(9). Furthermore, few studies reported guideline-concordant surveillance rates. To 

the best of our knowledge, our study is one of the first to report surveillance rates among a 

large cohort of patients followed in a non-academic population-based integrated health 

system outside of the VA. Although one-third of patients underwent HCC surveillance at 

least once during the 2-year study period, fewer than 2% underwent consistent guideline-

concordant HCC surveillance. These data are consistent with another recent report from a 

commercial health insurance database, in which the mean and median proportion of time up-

to-date with surveillance was only 0.34 and 0.31, respectively (11).

Although surveillance among HBV patients is supported by a large randomized controlled 

trial, there is not Level I evidence supporting this practice among patients with cirrhosis(25). 

Furthermore, two systematic reviews evaluating HCC surveillance in patients with cirrhosis 

concluded available data have notable limitations, precluding firm conclusions about the 

risk-benefit ratio and/or adoption by several guideline societies. Few health care 

organizations, including Group Health, have policies or programs to encourage HCC 

surveillance (e.g., system-level invitations or audit/feedback to providers regarding HCC 

surveillance rates); so, decisions and recommendations for HCC surveillance are highly 

dependent on individual provider attitudes and beliefs(26, 27). This likely explains why 

most patients in this study who underwent surveillance received inconsistent surveillance 

once or twice over the two-year study period.

It is not surprising that one of the strongest correlates for receipt of HCC surveillance was 

Gastroenterology/Hepatology subspecialty care. This association is likely mediated by 

increased awareness of American Association for the Study of Liver Diseases (AASLD) 
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guidelines and beliefs that HCC surveillance improves mortality. However, primary care 

providers, not hepatologists, follow most patients with cirrhosis nationally, particularly in 

areas with limited subspecialty availability (e.g. rural areas and urban safety-net hospitals). 

Although most primary care providers are aware of subspecialty society (e.g. AASLD and 

NCCN) recommendations and believe HCC surveillance may improve HCC early detection, 

only half believe surveillance results in a survival benefit and only one-third believe failure 

to perform surveillance poses any legal concern (28). Further, many are dissuaded from 

performing surveillance given the lack of US Preventive Services Task Force (USPSTF) 

recommendation(28). A meta-analysis of HCC surveillance studies identified several 

deficiencies in current literature, including the need for high-quality studies assessing effects 

of surveillance on health outcomes, harms of surveillance, and patient acceptance(29).

Receipt of HCC surveillance was also strongly associated with etiology of liver disease, with 

significantly lower rates among patients with alcohol- and NASH-related cirrhosis. Prior 

studies have shown alcohol- and NASH-related HCC are less likely to be detected via 

surveillance given under-recognition of the at-risk population (25); however, all patients in 

our study were recognized as having cirrhosis. This association could be related to multiple 

factors including clinic time constraints if these subgroups had more active issues, provider 

beliefs regarding less benefits of surveillance in these subgroups, or provider beliefs 

regarding lower likelihood of adherence. Alternatively, these patients may have lower levels 

of engagement with clinical care or personal reasons for deciding not to receive HCC 

surveillance testing (26).

Our study has several limitations. Our analysis focused on patients with cirrhosis at a single 

integrated healthcare delivery system and may not be generalized to other practice settings. 

As an evidence-based healthcare organization, Group Health requires high levels of evidence 

before issuing guidelines for clinical health services and adoption of HCC surveillance may 

be lower than other health systems. Second, we identified patients using ICD-9 codes that 

are sensitive and specific for cirrhosis, although its positive predictive value is imperfect so 

some patients in our cohort may not have had cirrhosis. Third, we did not exclude patients 

with Child C cirrhosis or severe comorbidity who may not benefit from HCC surveillance so 

it is possible our study underestimated rates of appropriate surveillance; however, we did not 

find association between comorbidity index and receipt of HCC surveillance. Fourth, we 

could not determine indication for ultrasound exams, although we excluded those performed 

in the emergency room or inpatient hospitalization given low likelihood of surveillance 

intent. Fifth, given its retrospective nature, our study was limited by measurement bias (e.g. 

degree of liver dysfunction), unmeasured confounders, and missing data. Finally, our study 

evaluated HCC surveillance utilization but did not link this process measure to downstream 

outcomes of treatment receipt and/or survival. However, the likelihood of missing data for 

our outcome variable, i.e. HCC surveillance, is low given Group Health is an integrated 

healthcare delivery system and patients typically get their non-emergent outpatient medical 

care through Group Health.

Overall, we found 1 in 3 patients underwent any HCC surveillance but fewer than 2% had 

consistent guideline-concordant surveillance. Widespread implementation of HCC 

surveillance in large integrated health systems, such as Group Health, is likely contingent on 
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availability of higher quality data evaluating the benefits and harms of HCC surveillance in 

patients with cirrhosis. HCC surveillance decisions are currently left to individual providers, 

resulting in variable practice patterns, including higher rates among those receiving 

Gastroenterology/Hepatology subspecialty care. Although a randomized controlled trial 

evaluating HCC surveillance may not be feasible, high quality cohort studies may provide 

sufficient rationale for promoting HCC surveillance and should be pursued(5). For example, 

colonoscopy is widely accepted for colorectal cancer screening without randomized data, 

based on well-conducted cohort and case-control studies(30). In the absence of better quality 

data, we are likely to continue seeing low rates of HCC surveillance in clinical practice.
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Figure 1. 
Hepatocellular Carcinoma Surveillance Rates

Of included patients with at least 12 months of follow-up, 2.4% received consistent 

surveillance, 32.3% inconsistent surveillance, and 65.3% received no surveillance. Data 

were similar when including ultrasounds performed for any intent.

Singal et al. Page 11

J Clin Gastroenterol. Author manuscript; available in PMC 2018 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. 
Hepatocellular Carcinoma Surveillance Rates Stratified by Cirrhosis Etiology
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Table 1

Baseline Patient Characteristics Stratified by Receipt of HCC Surveillance

Variable All Patients (n=1137) Surveillance (n=393) No Surveillance (n=744) p-value

Age 60 [54, 70] 59 [54, 65] 61 [54, 72] 0.004

Gender (% male) 583 (51.3) 204 (51.9) 379 (50.9) 0.80

Race/ethnicity
* 0.25

    White 865 (76.1) 299 (76.1) 566 (76.1)

    Black 60 (5.3) 23 (5.9) 37 (5.0)

    Hispanic 56 (4.8) 17 (4.3) 39 (5.2)

    Asian 89 (7.8) 38 (9.7) 51 (6.9)

Etiology of Liver Disease
* < 0.001

    Hepatitis C 329 (28.9) 157 (39.9) 172 (23.1)

    Hepatitis B 36 (3.2%) 25 (6.4) 11 (14.8)

    Alcohol-related 184 (16.2) 66 (16.8) 118 (15.9)

    NASH 326 (28.7) 79 (20.1) 247 (33.2)

    Other 262 (23.0) 66 (16.8) 196 (26.3)

Child Pugh Class (% Child A) 1013 (89.1) 332 (84.5) 681 (91.5) <0.001

Presence of ascites 873 (76.8) 282 (71.8) 591 (79.4) 0.004

Presence of hepatic encephalopathy 1061 (93.3) 359 (91.3) 702 (94.4) 0.06

Platelet count (*103/μL) 175 [113,240] 141 [95, 202] 203 [130, 257] <0.001

AST (U/L) 35 [25, 57] 40 [28, 68] 31 [23, 50] <0.001

Albumin (g/dL) 4.2 [3.8, 4.4] 4.2 [3.8, 4.4] 4.2 [3.9, 4.4] 0.35

Bilirubin (mg/dL) 0.6 [0.4, 1.0] 0.6 [0.4, 1.1] 0.5 [0.4, 0.8] <0.001

INR 1.1 [1.0, 1.3] 1.1 [1.0, 1.3] 1.1 [1.0, 1.4] 0.48

Charlson comorbidity index 1 [0, 3] 1 [0, 3] 1 [0, 3] 0.18

Number primary care visits in year prior to index 
visit

7 [4, 11] 7 [3, 12] 7 [4, 11] 0.99

Gastroenterology/Hepatology visits in year prior to 
index visit

0 [0, 1] 0 [0, 2] 0 [0, 1] <0.001

Gastroenterology/Hepatology care in year prior to 
index visit

422 (37.1) 190 (48.4) 232 (31.2) < 0.001

Neighborhood-level Income quartile 3 [2, 3] 3 [1, 3] 3 [2, 4] 0.80

Neighborhood-level Education quartile 2 [1, 4] 2 [1, 3] 3 [2, 4] 0.14
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Variable All Patients (n=1137) Surveillance (n=393) No Surveillance (n=744) p-value

Distance to nearest clinic (miles) 4 [2, 7] 4 [2, 7] 4 [2, 7] 0.90

Note: All values are reported as median (interquartile range) or n (%) unless otherwise specified.

AST – aspartate aminotransferase; HCC – hepatocellular carcinoma; INR – international normalized ratio; NASH – nonalcoholic steatohepatitis

*
Data regarding race/ethnicity were missing in 60 patients
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Table 2

Correlates of Hepatocellular Carcinoma Surveillance (N=1137)

Variable
Multivariate Analysis 

*
Percent receiving HCC surveillance during 

follow-up
OR 95% CI

Etiology of Liver Disease

    Hepatitis C virus Reference Reference 47.7%

    Hepatitis B virus 2.72 1.28 – 5.81 69.4%

    Alcohol-related 0.63 0.42 – 0.93 35.9%

    NASH 0.39 0.28 – 0.56 24.2%

    Other 0.45 0.31 – 0.64 25.2%

Child Pugh B or C cirrhosis at baseline 1.61 1.07 – 2.43 49.2% vs. 32.8%

Receipt of Hepatology care during year prior to index visit 1.88 1.44 – 2.46 45.0% vs. 28.4%

Baseline AST > 40 U/L 1.63 1.13 – 2.35 51.2% vs. 31.8%

AST – aspartate aminotransferase; HCC – hepatocellular carcinoma; NASH – nonalcoholic steatohepatitis

*
Adjusted for age and thrombocytopenia, which were significant on univariate analysis
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