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Abstract

Background—Approximately 3.2 million people in the United States have chronic hepatitis C
virus (HCV) infection; the primary cause for adult liver transplantation and a significant burden on
healthcare resources. The role of HCV and other risk factors in development of HCC in patients with
chronic kidney disease is not well defined.

Aim—To identify specific predictors of hepatocellular carcinoma (HCC) in dialysis patients with
chronic HCV.

Methods—This study assessed factors associated with the development of HCC in dialysis patients
with chronic HCV. Data were extracted from the United States Renal Database System (USRDS)
using 1CD-9 codes. Variables included were gender, race, duration on dialysis, and comorbidities
(alcohol abuse, drug abuse, HIV, hepatitis B, diabetes and/or presence of cirrhosis).

Results—Among the 32,806 HCV infected subjects, 262 cases had HCC. HCC was 12 times more
likely in subjects with cirrhosis (p<.001), 3 times more likely in subjects with alcohol abuse (p<.
001), and 1.3 times more likely in subjects with diabetes (p=.04). Asians were 3 times more likely
(p<.001) to have HCC. Females were less likely to have HCC compared to males (p=.002). The
likelihood of having HCC increased with age (p=.001).

Implications—This population-based study demonstrates that among subjects with HCV on
dialysis, those with cirrhosis, Asian race and history of alcohol abuse are at highest risk for
development of HCC. Furthermore, these findings indicate links between HCV and HCC which are
valuable in case management for identifying; monitoring, and managing dialysis patients with HCC.
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Introduction

Approximately 1.3 percent of the United States (U.S.) population is estimated to be chronically
infected by the hepatitis C virus (HCV) (1). HCV accounts for 60—70 percent of the chronic
liver disease and about 1-5 percent of deaths related to chronic liver disease (2). In addition,
chronic HCV infection is a major cause of hepatocellular carcinoma (HCC), and accounts for
approximately one-third of the cases in the U.S. (3).

The prevalence of HCV is higher in dialysis patients compared to both patients with renal
disease not requiring dialysis and the general population (4-6). The rate ranges from 2.4% to
22.9% with a mean of 13.5% (7). Compared to the HCV negative dialysis population,
hemodialysis patients with chronic HCV have an increased risk of death from liver disease due
to the development of cirrhosis and complications of portal hypertension (8-10). Whether
hemodialysis patients are at increased risk for development of HCC is unclear. It is common
for HCV infected dialysis patients to have multiple co-morbidities (11) which may be
associated with the development of HCC, such as coinfection with hepatitis B virus, diabetes,
and cirrhosis.

The purpose of this study was to determine the prevalence and predictive clinical and
demographic factors related to HCC in a cohort of End Stage Renal Disease (ESRD) with HCV.
The identified predictive factors may provide a guide for clinical practice in identifying patients
who are at higher risk of developing HCC. Thereby, appropriate screening and evaluation may
be instituted earlier and lead to a reduction in morbidity and mortality associated with HCV-
related HCC.

Materials and Methods

The study used data from the United States Renal Data System (USRDS) in conjunction with
International Classification of Disease version 9 (ICD-9) codes from Medicare/Medicaid
billing data from 1997 to 2003. The USRDS description and 2008 Annual Data report are
available at http://www.usrds.org (12). ICD-9 codes have been used in a number of clinical
studies (13,14) including studies using the USRDS data (11,15). The ICD-9 codes in HCV
infected patients has been previously validated in a number of studies (13,16-19). Additionally,
ICD-9 codes for presence of HCV have been shown to have positive and negative predictive
values of greater than 90% (19). The Veterans Aging Cohort Study indicated a 78% (kappa
0.42) agreement between the ICD-9 codes and diagnosis of HCV/(13). Inclusion criteria for
HCV infection were based on presence of at least one inpatient or two outpatient codes for
HCV. HCC and other co-morbidities were identified similarly using at least one inpatient or
two outpatient ICD-9 codes. Two groups with HCV were then analyzed, those with and without
HCC. We analyzed factors predicting HCC, including demographic variables (race, sex, age,
and duration on dialysis) and associated co-morbidities, including HBV, diabetes, cirrhosis,
alcohol abuse, drug abuse, and co-infection with human immunodeficiency virus (HIV).

The study was a collaborative project with investigators from the University of Pittsburgh, the
National Institute of Nursing Research, and the National Institute of Diabetes and Digestive
and Kidney Diseases (NIDDK) at the National Institutes of Health. The study was approved
by the Institutional Review Board (IRB) at the University of Pittsburgh, the USRDS sponsors
from NIDDK, and the Office of Human Subjects Research at the NIH.
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De-identified data were collected, extracted, and organized in SPSS version 15.0 (SPSS Inc,
Chicago, Illinois). Descriptive statistical analyses included means, standard deviations,
frequencies, and ranges of data. Race, sex and presence of co-morbidity were treated as
categorical variables. Age and duration on dialysis were continuous variables. Independent
sample t test was used to compare demographic variables. Binary logistic regression was used
to analyze the co-morbid factors in subjects with HCV that were associated with HCC.
Comorbidities were analyzed after statistically adjusting for the demographic variables (sex,
race, age, and duration on dialysis). A value of p<.05 was set a priori for level of statistical
significance.

We identified 32,808 subjects with a diagnosis of HCV on dialysis from 1997 to 2003. The
cohort was predominantly male, 58.6%, middle aged, (mean age 56.6 years SD=15.3, range
4.0 — 95.4 years) and African American, 47.1%, (Table 1). Thirty-seven percent were co-
infected with HBV, 8.7% were co-infected with HIV, 33.0% had diabetes, 11.5% cirrhosis,
9.5% alcohol abuse, and 8.9% a history of drug abuse. The mean duration on dialysis was 6.1
years (SD=3.8, range 1.3 — 33.3 years). Overall, males were significantly more likely to be co-
infected with HBV, have alcohol abuse, or drug abuse (all with p<.001).

Two hundred and sixty two subjects met the study definition for HCC. The incidence of HCC
in the sample on dialysis during the study period was 0.8%. Among subjects with HCC, 66.4%
were male, 45.4 % were African American, 43.1% Caucasian, 7.6% Asian, 1.9 % Native
American and 1.9 % other race. The mean age in the group with HCC was 59.6 years (SD=12.4,
range 17.4-84.7 years). The mean duration on dialysis was 5.6 years (SD=3.5, range 1.3-33.3
years). Compared to those without HCC, subjects with HCC were more likely to be male,
Asian, and older (59.6+ 12.4 years vs. 56.6+15.3 years) (Table 1). Subjects with HCC were
more likely to have diabetes, cirrhosis and alcohol abuse (all with p<.05, Table 1).

Subjects with cirrhosis were almost 12 times more likely to have HCC (p<.001) [Table 2].
Similarly, subjects with alcohol abuse were 3 times (p<.001) more likely and those with
diabetes were 1.3 times (p=.04) more likely to have HCC. Univariate analysis revealed that
HCV-infected patients on dialysis with HCC were less likely to abuse drugs (p=.003), or be
co-infected with HIV (p=.02) or HBV (p=.05) (Table 2).

Approximately 1.3 percent of the variability in HCC was explained by the demographic
variables (Nagelkerke R? =.013). Asians were 3 times more likely (p<.001) to have HCC as
compared to Caucasians. Among persons with HCC, co-infection with HBV was three times
more prevalent in Asians than in other races (x2(1) = 1.22, p =0.01). Females were less likely
to have HCC compared to males (p=.002). The likelihood of HCC increased by 1.25 times for
each year increase in age (p=.001). There was a significant increase in prediction of HCC by
certain co-morbidities after adjusting for the demographic variables (sex, race, age, and
duration on dialysis) using bivariate logistic regression model (x2(6) = 387.0, p <0.001).
Specifically, cirrhosis (p<.001), HBV (p=.05) and drug abuse (p=.002) were found to be
significant after adjusting for demographic variables in the statistical model used (Table 3).
Almost fifteen percent of the variability in HCC was explained by the co-morbidities in this
model (Nagelkerke R? =.145). The correlational matrix revealed a significant correlation
between cirrhosis and alcohol abuse (r=.35, p<.001) [Table 4]. A comparison of percentages
of co-morbid conditions between those with and without HCC is shown in Figure 1. Twenty-
three of the 262 patients with HCC (9%) died during the study period. The median duration
on dialysis of those who died was 9.5 years (range- 2—33 years).
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Discussion

In our national cohort of 32,808 HCV infected patients on dialysis, 262 were diagnosed with
HCC. We found that Asians were three times more likely to have HCC compared to Caucasians.
These findings concur with the those of Cheng and colleagues, stressing the growing
importance of chronic HCV infection in the Asian American population (20). Studies have
reported that Asian Americans have a 4-fold higher risk of liver cancer (21,22). As the
prevalence of HCV in Asian populations increases (23) special attention needs to be provided
to this group.

The relationship between cirrhosis and HCC, as identified from previous studies, was
reconfirmed (24). This study demonstrated that patients with cirrhosis were twelve times more
likely to have HCC. Cirrhosis increases the risk for development of HCC likely due to increased
hepatocyte turnover and increased risk for mutations. The issue remains as to whether earlier
monitoring or treatment in this specific cohort may prevent complications of the cirrhosis. This
study like other studies found that males are at a higher risk of having HCC (24). Higher rates
of HCV/HBYV co-infection, alcohol abuse, and drug abuse in males, may be co-factors that put
them at higher risk.

Our findings are important in the context of increasing numbers of patients who are on dialysis
with HCV and potentially multiple co-morbidities. All co-morbidities in the analysis had
significant prediction to presence of HCC. Diabetes and alcohol abuse were factors that
increased the risk of having HCC. The presence of cirrhosis, alcohol abuse and diabetes may
have a negative impact on HCC related patient morbidity and mortality. Hence, strategies such
as cessation of alcohol, consideration of anti-viral therapy, and diabetes prevention measures
may reduce the additive risk toward developing HCC.

Subjects with HBV, HIV, and drug abuse despite significant univariate predictions were less
likely to have HCC in the logistic model. Previous studies demonstrated that these three factors
had an additive independent effect toward the development of HCC. After adjustment for
covariates (sex, race, age, and duration on dialysis), HBV, cirrhosis, and drug abuse were
factors that predicted the presence of HCC. However, the lower association between HBV and
HCC remains unclear. Possible explanations for the lower association in HBV patients may
be due to attrition for the period of time in which the data were collected, in that patients with
these conditions die of liver failure prior to development of HCC. Another possible explanation
may include inaccurate ICD-9 coding of active versus resolved chronic HBV infection by
health care practitioners. In our cohort, patients with HBV were significantly less likely to have
alcohol abuse. Therefore, abstinence from alcohol may be protective in this cohort (25). The
role of HBV and development of HCC in HCV positive patients on dialysis should be examined
in future studies.

Strengths of this study included a large and diverse sample that was representative of the
national population on dialysis with HCV with respect to gender, ethnicity, and geographic
location. The study involved a collaborative team that economically utilized a large public
domain data set for hypothesis testing. The USRDS is a uniform source of clinical data that
may lay the foundation for future studies.

There are limitations to this study. The study design model used was secondary in nature and
therefore, to properly assess causal relationships a prospective longitudinal study would be
optimal. The use of retrospective ICD-9 codes for diagnosis of HCV, HCC, and other
comorbidities is a drawback as coding is dictated by the health care provider. Therefore, the
absence of a particular ICD-9 coding does not necessarily exclude the presence of HCV, HCC,
or other co-morbidities. The analysis of additional variables such as geographic location,
treatment history, HCV genotype or RNA, viral load and further co-morbidities are
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considerations to be made in future studies. The findings from this study are specific to the
HCYV infected hemodialysis subgroup of patients and may not necessarily be generalized to
the overall population of patients with HCV. It may be difficult to generalize these findings to
other non-U.S. patient populations as U.S. patients on dialysis are eligible for disability and
healthcare resources that may be unavailable elsewhere.

In the last twenty years there has been a significant increase in the incidence of HCC related
to HCV in the general population (26). The disease has a long natural history, which may be
significantly modified by co-morbidities (27) as seen in this study. The course of disease in
dialysis patients versus those with normal kidney functions remains controversial as certain
studies suggest even though incidence of HCV in patients on chronic hemodialysis is higher
than the rest of the population, HCC is less frequently reported in the hemodialysis setting
(24). Conversely, other studies suggest that HCV infected individuals have a lower survival
rate which may be due to HCC and cirrhosis related mortality (9,28). These contrasting results
may be due to differences in demographic and clinical factors among different populations
with HCV and may be important in predicting progression to HCC in patients with chronic
HCYV infection. Factors associated with HCC in HCV infected persons on dialysis are not well
described. Therefore, these findings are important as they describe demographic and co-
morbidity differences that exist in this large population-based study. Hemodialysis with
multiple comorbidities such as diabetes, alcoholism, and cirrhosis along with being of Asian
or African American descent may be factors that yield negative outcomes. This also suggests
that persons of Asian race on dialysis should be screened earlier and/or more frequently for
HCC. Additionally, patients should be counseled about additive risk of alcohol abuse toward
the progression of HCC. The role of HBV, drug abuse, and HIV in this subgroup of patients
still remains unclear. Thus clinicians should carefully monitor for the presence of the
aforementioned risk factors in HCV patients to recognize paramount risk and provide early
and preventive interventions.
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Figure 1.
Bar graph showing comparison of percentages of individual co-morbidities among groups with
and without HCC
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Table 3

Co-morbid predictors of HCC in HCV infected subjects on dialysis using bivariate logistic model adjusted for
race, sex, age, and duration on dialysis

Co-morbidities pvalue Odds Ratio 95% C.I. for Exp(B)
Lower Upper

Hepatitis B 0.05 0.74 0.56 0.99
Diabetes 0.24 117 0.9 1.52
Cirrhosis ~ <0.001 11.74 8.89 15.5

Alcohol Abuse 0.25 121 0.88 1.66
Drug Abuse 0.002 0.34 0.17 0.67
HIV 0.34 0.75 0.41 1.36
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