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Background & Aims: A significant increase in the inci-
dence of hepatocellular carcinoma (HCC) has been re-
ported in the United States. The risk factors underlying this
increase remain unclear. Methods: By using Surveillance,
Epidemiology, and End-Results program (SEER)-Medicare-
linked data, we conducted a population-based study to
examine temporal changes in risk factors for patients 65
years and older diagnosed with HCC between 1993 and
1999. Only patients with continuous Medicare enroliment
for 2 years before and up to 2 years after HCC diagnosis
were examined. Univariate and multiple logistic regression
analyses were used to evaluate changes in risk factors
over time (January 1993-June 1996 and July 1996 -De-
cember 1999). Results: The age-adjusted incidence of HCC
among persons 65 years of age and older significantly
increased from 14.2 per 100,000 in 1993 to 18.1 per
100,000 in 1999. We identified 2584 patients with con-
tinuous Medicare enrollment 2 years before and up to 2
years after HCC diagnosis. The proportion of hepatitis C
virus (HCV)-related HCC increased from 11% during Janu-
ary of 1993 to June of 1996 to 21% during July of 1996 to
December of 1999, whereas hepatitis B virus (HBV)-related
HCC increased from 6% to 11% (P < .0001). In multiple
logistic regression analyses that adjusted for age, sex,
race, and geographic region, the risk for HCV-related HCC
and HBV-related HCC increased by 226% and 67%, respec-
tively. Idiopathic HCC decreased from 43% to 39%. This
decrease did not fully account for the significant increases
observed for HCV and HBV. No significant changes over
time were observed for alcohol-induced liver disease, non-
specific cirrhosis, or nonspecific hepatitis. Conclusions:
There has been a significant recent increase in HCV- and
HBV-related HCC. Increasing rates of HCV-related HCC can
explain a substantial proportion of the reported increase in
HCC incidence during recent years.

substantial increase in the incidence of hepatocellu-
lar carcinoma (HCC) has been reported during the
past 2 decades in the United States.!? The average
annual age-adjusted incidence of HCC increased from

1.3 per 100,000 for the period from 1981 to 1983 to 3.0
per 100,000 for the period from 1996 to 1998.2 The
majority of this increase occurred during the 1990s; a
25% increase was observed between 1993 and 1998.

The cause of this increase remains uncertain. The
major risk factors for HCC are hepatitis C virus (HCV),
hepatitis B virus (HBV), and alcohol-induced liver dis-
ease. Two published studies have examined temporal
trends in the prevalence of underlying risk factors among
patients with HCC.3#4 However, neither were popula-
tion-based studies. A study from the Department of
Veterans Affairs found a 3-fold increase in HCV-related
HCC, whereas HCC associated with HBV or alcohol-
induced liver disease, and idiopathic cirrhosis remained
stable.? Findings from a single-center, hospital-based
study detected an almost 2-fold increase in HCV-related
HCC, although no significant changes in other risk fac-
tors were observed.® Thus, generalizability of these re-
sults to explain the national trends in HCC is limited.

In 1991, the investigators for the National Cancer
Institute linked records of patients with cancer identified
from the Surveillance, Epidemiology, and End-Results
(SEER) population-based registries to Medicare claims
from the Centers for Medicare and Medicaid Services.”> In
this study, we used SEER-Medicare—linked data to ex-
amine the temporal trends of risk factors in patients age
65 years of age and older with HCC.

Methods
Data Source

Data used for this study were obtained from the SEER-
Medicare database, which is the linkage of SEER registry

Abbreviations used in this paper: HMO, health maintenance organi-
zation; ICD, International Classification of Diseases; SEER, Surveil-
lance, Epidemiology, and End-Results program.
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information with Medicare claims data. The SEER program is
an ongoing contract-supported program of the National Can-
cer Institute to collect population-based cancer incidence and
survival data. Since 1992, the SEER program has collected
data on incident cancer cases from 11 population-based cancer
registries in 5 states (Connecticut, Hawaii, lowa, New Mexico,
Utah) and 6 metropolitan areas (Los Angeles, San Francisco/
Oakland, San Jose, Detroit, Seattle, Atlanta) that account for
approximately 14% of the population in the United States.’
For each case identified, the SEER program collects demo-
graphic features, date of cancer diagnosis, cancer site, and
method of diagnosis (histology, cytology, microscopic confir-
mation [method not specified}, laboratory test/marker study,
direct visualization, or positive radiology test). The Interna-
tional Classification of Diseases for Oncology (ICD-O-2) is
used by SEER to classify primary site and histologic type for
all cancers ascertained by the program.®

Medicare claims data are collected for both Medicare part A
and part B benefits. Medicare is the primary health insurer for
approximately 97% of individuals age 65 years and older in
the United States. Persons less than 65 years of age are eligible
for Medicare benefits owing to disability or end-stage renal
disease. Approximately 95% of Medicare beneficiaries are cov-
ered by both part A and part B benefits.> Claims information
from in-patient hospitalizations covered by Medicare part A
benefits are included in the Medicare Provider Analysis and
Review files. This file contains up to 10 diagnoses and 10
procedure codes using ICD 9th revision (9-CM) codes. Medi-
care claims data for all part B—covered benefits includes out-
patient hospital services and physician office visits. These files
contain dates of services, as well as both ICD-9-CM diagnosis
codes and Current Procedural Terminology-4 codes for all
billed claims.>

The linkage of SEER-Medicare data is a collaborative effort
by the National Cancer Institute, the SEER registries, and
Centers for Medicare and Medicaid Services.> This database
contains Medicare part A and part B claims data for all patients
identified by SEER registries between 1973 and 1999, al-
though Medicare claims only are available beginning in 1991.
To link patients identified by the SEER registries to informa-
tion contained in the Medicare claims files, the SEER and
Medicare Enrollment Databases are merged using an algo-
rithm that matches social security number, name, sex, and date
of birth. The use of this methodology to perform the linkage
captures approximately 93% of patients in the SEER database
age 65 years and older.>

Study Population

All patients age 65 years and older diagnosed with
HCC in SEER registries who also were enrolled in Medicare
between 1993 and 1999 were eligible for inclusion. Only
patients with diagnostic confirmation of HCC (ICD-O code =
8170) were included in our analysis. Diagnostic confirmation
was defined as having positive histology, cytology, laboratory
test/marker study, direct visualization, or positive radiology
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tests. Patients with clinical diagnosis only or unknown method
of confirmation were excluded. In addition, we excluded pa-
tients diagnosed with stomach, colon, lung, pancreatic, breast,
or rectal cancers within the 5 years before the date of HCC
diagnosis to ensure the inclusion of only HCC, rather than
metastatic liver cancers.

To include patients with equal exposure to risk factor
information, we selected only patients with continuous enroll-
ment in Medicare parts A and B for at least the 2 years before
and up to 2 years after the HCC diagnosis or until death. We
excluded patients enrolled in a health maintenance organiza-
tion (HMO) during this time frame because Medicare HMO
plans have not been required to submit individual claims to
CMS for specific services received by patients’ enrolled in
Medicare.> Patients whose HCC diagnoses were reported ex-
clusively by death certificates or at autopsy also were excluded.
These patients did not have a diagnosis of HCC while they
were alive and no other sources of information were available.

Definitions of Risk Factors for HCC

By using ICD-9 codes, we identified several potential
risk factors for HCC.” These included HCV (ICD-9 codes:
070.41, 070.44, 070.51, 070.54, V02.62), HBV (ICD-9
codes: 070.22, 070.23, 070.32, 070.33, V02.61), and alcohol-
induced liver disease. Alcohol-induced liver disease was de-
fined by the presence of ICD-9 codes for alcohol-induced fatty
liver disease (ICD-9 code: 571.0), alcohol-induced hepatitis
(ICD-9 code: 571.1), alcohol-induced cirrhosis (ICD-9 code:
571.2), alcohol-induced liver damage (ICD-9 code: 571.3),
and cirrhosis (ICD-9 codes: 571.5, 571.6) in the presence of
alcoholism (ICD-9 code: 291, 303, 305.0). Nonspecific cirrho-
sis was defined by the presence of cirrhosis (ICD-9 codes:
571.5, 571.6) without the presence of HCV, HBV, or alcohol-
induced liver disease. Nonspecific hepatitis was defined by the
presence of nonspecific hepatitis ICD-9 codes: 571.4, 573.3)
without the presence of HCV, HBV, alcohol-induced liver
disease, or nonspecific cirrhosis. Patients without any reported
major risk factors (HCV, HBV, alcohol-induced liver disease,
nonspecific cirrhosis, or nonspecific hepatitis) were denoted as
idiopathic. Risk factors were identified based on Medicare part
A or B claims for the 2 years preceding and 2 years succeeding
the date of HCC diagnosis. We assumed that HCC risk factors
recorded after HCC diagnosis most likely were acquired before
HCC diagnosis. All of these HCC risk factors were unlikely to
be acquired late in life, or to be caused by HCC.

Other Collected Information

Demographic information included age, race, geo-
graphic region, and Medicare/Medicaid dual enrollment. Age
was categorized into S-year age groups. Race was classified as
white, black, Hispanic, Asian, and other. Geographic region
was categorized based on the 11 SEER registries. The state
buy-in variable in Medicare indicates whether a third-party
payer was paying for a beneficiary’s Medicare premiums, and
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served as a proxy for socioeconomic status. These individuals
were considered Medicare/Medicaid dually enrolled.

Statistical Analysis

Age-adjusted incidence rates for HCC were calculated
for the entire time period (1993-1999), as well as 2 equal time
periods (January 1993—June 1996 and July 1996 -December
1999). To calculate these rates, the age-specific proportions of
patients with HCC were calculated for 5-year age groups and
then summed and adjusted according to the method of direc-
tion standardization to reflect the age-distribution of the 2000
US standard population.® Similar methods were used to cal-
culate age-adjusted incidence rates for HCV-related HCC,
HBV-related HCC, and alcohol-induced liver disease—related
HCC. All rates were expressed as proportional rates per
100,000 of the underlying population. We calculated the
standard error and 95% confidence interval for each age-
adjusted rate.” Any 2 rates whose confidence intervals did not
overlap were considered significantly different.

We compared the demographic features and prevalence of
risk factors associated with HCC between patients diagnosed
with HCC during 2 time periods (January 1993—June 1996
and July 1996—-December 1999). x? tests were conducted for
categoric variables and 7 tests were performed for continuous
variables. Unadjusted relative risks and 95% confidence inter-
vals, as well as P values, were calculated for each risk factor.

The proportions of patients diagnosed by testing modality
obtained from SEER were compared between 2 time periods
(January 1993—June 1996 and July 1996-December 1999).
These comparisons were conducted for all patients as well as
for categories with the major risk factors for HCC. We also
compared the proportions of patients who had any computed
tomography scan and/or ultrasound of the abdomen obtained
from Medicare claims within 1 year before HCC diagnosis.

The prevalence of risk factors among patients with HCC, as
well as changes in the prevalence over time, could have been
affected by a selection bias arising from the inclusion and
exclusion criteria used for this study. A sensitivity analysis was
conducted to quantify potential systematic error in the risk
factor estimates because of differences between patients in-
cluded in the study cohort and the population of Medicare-
enrolled HCC patients’ age 65 years and older in the SEER-
Medicare database. We calculated the proportion of HCV,
HBYV, and alcohol-induced liver disease in the population of
Medicare-enrolled HCC patients age 65 years and older in the
SEER-Medicare database during the 2 time periods (January
1993—June 1996 and July 1996 —-December 1999) and applied
these proportions to the study cohort to determine the ex-
pected number of HCC patients with each risk factor. Based on
these expected numbers, we calculated the prevalence of HCV,
HBV, and alcohol-induced liver disease during each time
period, and determined the percent change in the prevalence of
these risk factors. The percent change in the prevalence of
HCV, HBV, and alcohol-induced liver disease observed in the
study cohort was compared with the expected percent change
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in these risk factors and differences between these values were
evaluated.!?

Six separate multiple logistic regression models were con-
structed to examine the association between diagnosis of each
HCC risk factor (HCV, HBV, alcohol-induced liver disease,
nonspecific cirrhosis, nonspecific hepatitis, or idiopathic) and
time of diagnosis (January 1993—June 1996 and July 1996—
December 1999), adjusting for age, sex, race, geographic re-
gion, and Medicare/Medicaid dual enrollment. Wald X tests
were used to determine the significance of each variable. Ad-
justed odds ratios and 95% confidence intervals were calcu-
lated for each parameter estimate.

Results

We initially identified 4015 patients age 65 years
and older in the SEER-Medicare database with diagnos-
tically confirmed HCC between 1993 and 1999. Of these
cases, 2584 patients with HCC satisfied our criteria for
inclusion in the study cohort. The 1431 patients were
excluded for the following reasons: enrollment in a Medi-
care HMO plan during the 2 years before or after the date
of HCC diagnosis (n = 960); enrollment in Medicare
part A and part B for less than 2 years before the index
date (n = 330); diagnosis of stomach, colon, lung, pan-
creatic, breast, or rectal cancer within the 5-year period
before the date of HCC diagnosis (n = 107); and report-
ing source of autopsy of death certificate (n = 34).

Demographic Features of the Study Cohort

The study cohort included 2584 patients, with a
mean age of 74 years (SD = 8.4 y). Approximately 19%
were between ages 65 and 69, 30% between ages 70 and
74, 27% between ages 75 and 79, and 24% age 80 years
and older (Table 1). The majority (67%) were men.
Approximately 66% were white, 9% were black, 4%
were Hispanic, 12% were Asian, and 9% were of other
race. Almost 28% were dually enrolled in Medicare/
Medicaid programs. Among the 11 geographic regions,
Utah had the lowest number of patients (n = 63, 2%),
and Los Angeles had the greatest number of patients (n
= 603, 23%). Of the remaining geographic regions, 410
patients (16%) were reported in Detroit, 287 (11%) in
San Francisco, 283 (11%) in Connecticut, 221 (9%) in
Seattle, 222 (9%) in Iowa, 130 (5%) in New Mexico, 123
(5%) in Atlanta, 124 (5%) in Hawaii, and 118 (5%) in
San Jose.

Age-Adjusted Incidence Rates of HCC

Between 1993 and 1999, the age-adjusted inci-
dence was 16.2 per 100,000 among all Medicare-enrolled
patients age 65 years and older. The age-adjusted inci-
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Table 1. Comparison of Demographic Characteristics and Risk Factors Among Patients Diagnosed

With HCC During 1993 and 1999

Frequency of
patients diagnosed
with HCC during
1/1993-6/1996

7/1996-12/1999

Frequency of

patients diagnosed

with HCC during
Relative risk

(%) (n = 1259) (%) (n = 1325) (95% confidence interval)? P value
Age at HCC diagnosis, y
65-69 235 (18.7) 243 (18.3) 1.00 (reference) 7737
70-74 383(30.4) 394 (29.8) 1.00 (.92-1.09)
75-79 346 (27.5) 354 (26.7) .99 (.91-1.09)
=80 295 (23.4) 334 (25.2) .99 (.91-1.09)
Sex
Men 829 (65.8) 892 (67.3) 1.00 (reference) 4614
Women 430 (34.2) 433 (32.7) .95 (.86-1.07)
Race
White 876 (69.6) 841 (63.6) 1.00 (reference) <.0001
Black 110 (8.7) 114 (8.7) 1.07 (.84-1.37)
Hispanic 42 (3.3) 64 (4.8) 1.54 (1.06-2.26)
Asian 100 (7.8) 203 (15.5) 1.89 (1.51-2.37)
Other 133(10.6) 101 (7.6) .81 (.64-1.04)
Geographic region
Atlanta 59 (4.7) 64 (4.8) 1.00 (reference) .2793
Utah 32(2.5) 31(2.3) .93 (.62-1.69)
Connecticut 153 (12.2) 130 (9.8) .93 (.82-1.06)
Detroit 191 (15.2) 219 (16.5) 1.01(.92-1.11)
Hawaii 53 (4.2) 71 (5.4) 1.11(.86-1.43)
lowa 113(9.0) 109 (8.2) .96 (.82-1.12)
Los Angeles 310 (24.6) 293 (22.1) .98 (.91-1.04)
New Mexico 60 (4.8) 70 (5.3) 1.03(.81-1.32)
San Francisco 138 (10.9) 149 (11.3) 1.00 (.88-1.13)
San Jose 48 (3.8) 70 (5.3) 1.16 (.89-1.52)
Seattle 102 (8.1) 119 (9.0) 1.08 (.69-1.67)
Medicare/Medicaid dual enroliment 366 (28.2) 349 (27.1) .91 (.80-1.03) .1209
Risk Factors
HCV 139 (11.0) 281 (21.2) 1.92 (1.59-2.32) <.0001
HBV 80 (6.4) 146 (11.0) 1.73(1.34-2.25) <.0001
Alcohol-induced liver disease 259 (20.6) 291 (22.0) 1.07 (.92-1.24) .3882
Nonspecific cirrhosis 233 (18.5) 208 (15.7) .85 (.72-1.01) .0578
Nonspecific hepatitis 61 (4.2) 42 (3.7) .95 (.81-1.12) 5428
Idiopathic 632 (43.4) 435 (38.5) .86 (.79-0.94) .0008

NOTE. N = 2584.

aComparison for the relative risk is between the 2 time periods (1/1993-6/1996, 7/1996-12/1999).

dence rates increased from 14.2 per 100,000 in 1993 to
18.1 per 100,000 in 1999, representing a 27% increase.

Prevalence of HCC Risk Factors

Among risk factors for HCC, the proportion of
HCC patients with alcohol-induced liver disease was the
largest (21.2%), followed by HCV (16.3%), nonspecific
cirrhosis (17.1%), HBV (8.8%), and nonspecific hepatitis
(4.0%) (Table 1). Approximately 41.3% of HCC patients
were identified as having idiopathic disease. Among
1196 patients with at least 1 of the 3 major risk factors
(HCV, HBV, and alcohol-induced liver disease), 7.5%
had HCV and alcohol-induced liver disease, 4.3% had
HCV and HBYV, 2.5% had HBV and alcohol-induced

liver disease, and 2.0% had all 3 of these risk factors
(Figure 1).

Temporal Changes in Risk Factors and
Demographic Features in HCC Patients

The risk factor—specific age-adjusted incidence
rates were calculated for HCV-related HCC, HBV-re-
lated HCC, and alcohol-induced liver disease—related
HCC. During the period from 1993 to 1999, the age-
adjusted incidence rates were 1.68 per 100,000 for HCV,
0.92 per 100,000 for HBV, and 2.19 per 100,000 for
alcohol-induced liver disease. HCV significantly in-
creased from 1.13 per 100,000 during January of 1993—
June of 1996 to 2.30 per 100,000 during July of 1996—
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Alcoholic Liver Disease
(ALD)
N=550

Hepatitis B Viru Q
(HBV)
N=226

Figure 1. The frequency of HCV, HBV, and/or alcohol-induced liver
disease (ALD) among 2584 patients diagnosed with HCC during
1993-1999.

Hepatitis C Virus
(HCV)
N=420

December of 1999, representing a 102% increase.
During these same time periods, HBV also increased
from 0.65 per 100,000 to 1.19 per 100,000, represent-
ing an 83% increase. No significant changes were ob-
served for alcohol-induced liver disease.

In univariate analyses, more recent time period of
diagnosis (July 1996-December 1999 vs. January
1993—June 1996) was associated with a significant in-
crease in the proportion of HCC patients with HCV
(11.0% to 21.2%) and HBV (6.4% to 11.0%) (Figure 2).
The corresponding unadjusted relative risks were 1.92
for HCV-related HCC and 1.73 for HBV-related HCC
(Table 1). The proportion of patients with idiopathic
HCC also significantly decreased from 43.4% to 38.5%
(unadjusted relative risk = .92; P = .01). No significant
changes over time were observed for HCC patients with
alcohol-induced liver disease, nonspecific cirrhosis, or
nonspecific hepatitis (Figure 2).

Among demographic features, only the racial distri-
bution of patients with HCC significantly changed be-
tween January of 1993—June of 1996 and July of 1996—
December of 1999. The proportion of Asians among
HCC patients increased from 7.8% to 15.5%, whereas
the proportion of whites decreased from 69.6% to 63.5%
during the more recent time period. No significant
changes were observed by age, sex, geographic region, or
Medicare/Medicaid dual enrollment (Table 1).

The proportion of patients diagnosed by testing mo-
dality (histology, cytology, microscopic confirmation
specified, laboratory test/marker study, direct visualiza-
tion, or positive radiology test) during the 2 time periods
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between January of 1993—June of 1996 and July of
1996 —December of 1999 are shown in Table 2. These
categories are constructed by SEER in a hierarchic mu-
tually exclusive fashion in the order shown earlier. For
example, the presence of positive histologic examination
supercedes all other modalities, whereas positive radiol-
ogy diagnosis is considered only in the absence of all
diagnostic modalities. Most patients had microscopic
confirmation of HCC. Among all patients diagnosed
with HCC, the proportion of patients diagnosed solely
on the basis of laboratory tests/marker studies increased
from 1.9% to 3.3%. However, no significant changes
over time were observed among patients with HCV,
HBYV, or alcohol-induced liver disease. There were also
no changes in the proportion of patients who had an
ultrasound (62% vs. 63%) or computed tomography scan
of the abdomen (79% vs. 79%) for the 2 time periods,
respectively.

Sensitivity Analysis

In the study cohort, we observed a 102% increase
in HCV, an 83% increase in HBV, and a 12% increase
in alcohol-induced liver disease between January of
1993—June of 1996 and July of 1996-December of
1999. To assess the potential for selection bias as a result
of our exclusion criteria affecting the estimated changes
in the prevalence of HCV, HBV, and alcohol-induced
liver disease over time, we compared the expected per-
cent change in the prevalence of these risk factors be-
tween the 2 time periods if no exclusions were made to
the prevalence observed in this study. During January of
1993—June of 1996 and July of 1996-December of
1999, the expected prevalence of HCV (11% to 18%)
and HBV (6% to 10%) increased, whereas the expected

45 - —
1/1993-6/1996 |
40 M7/1996-12/1999 j

Percent of Patients with HCC (%)

Alcoholic liver N
disease

pecific Non-specific
cirrhosis hepatitis
Figure 2. Changes in the proportion of HCV, HBV, alcohol-induced
liver disease, nonspecific cirrhosis, nonspecific hepatitis, and idio-
pathic among 2584 patients with HCC over 2 time periods (8, January
1993-June 1996; M, July 1996-December 1999).
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Comparison of the Frequency and Proportion of Patients With HCC Diagnosed by Testing Modality Between

1/1993-6/1996 and 7/1996-12/1999

Total cohort HCV HBV Alcoholic liver disease
(N = 2584) (n = 420) (n = 226) (n = 550)
1/1993- 7/1996- P 1/1993- 7/1996- P 1/1993- 7/1996- P 1/1993- 7/1996- P
Overall 6/1996 12/1999 value 6/1996 12/1999 value 6/1996 12/1999 value 6/1996 12/1999 value
Histology 1587 (61.4) 757 (60.1) 830 (62.6) 19 79(56.8) 166 (59.1) .66 52 (65.0) 79 (54.1) 11 152(58.7) 159 (54.6) 34
Cytology 522(20.2) 294(23.4) 228(17.2) .33 25 (18.0) 41 (14.5) .37 16 (20.0) 30 (20.5) .92 48 (18.5) 43(14.8) .24
Microscopic 10 (.4) 1(.1) 9(.7) 012 0(.0) 3(1.1) 22 0(.0) 1(.7) 46 0(.0) 4(1.4) .058
confirmation,
method not
specified
Laboratory 68 (2.6) 24 (1.9) 44 (3.3) .032 4(2.9) 15 (5.3) 25 1(1.3) 9(6.2) .09 10 (3.9) 14 (4.8) .58
test/marker
study
Direct 3(.1) 1(.1) 2(.2) .59 1(.7) 1(.4) .61 0(.0) 0(.0) b 1(.4) 0(.0) .28
visualization
Radiology 394 (15.3) 182(14.4) 212(16.0) .28 30 (21.6) 55 (19.6) .63 11 (13.7) 27 (18.5) .36 48 (18.5) 71(24.4) .09

NOTE. N = 2584.
4ndicates significance at P = .05.
bpP value could be not calculated.

prevalence of alcohol-induced liver disease remained un-
changed (18% to 19%). Based on the prevalence of these
risk factors if no exclusions were made, we estimated an
87% increase in HCV, a 71% increase HBV, and an 8%
increase in alcohol-induced liver disease over time.

Multiple Logistic Regression Analysis

In 6 separate multiple logistic regression models
examining the association between time of HCC diagnosis
(January 1993-June 1996 and July 1996-December
1999) and each of the risk factors (HCV, HBV, alcohol-
induced liver disease, nonspecific cirrhosis, nonspecific hep-
atitis, and idiopathic) while adjusting for age, sex, race,
geographic region, and Medicare/Medicaid dual enrollment,
the more recent time period of diagnosis continued to be
associated with an increased risk for HCV and HBV (Table
3). Similar to the unadjusted analyses, no significant asso-
ciation was found between time of diagnosis and alcohol-
induced liver disease, nonspecific cirrhosis, or nonspecific

hepatitis (Table 3). Compared with the earlier time period,
the risk for being diagnosed with HCV-related HCC in-
creased by 2-fold during the more recent time period,
whereas HBV-related HCC increased by 67%. Compared
with the earlier time period, the risk for having idiopathic
disease decreased by 17% during the more recent time
period.

In these models, an increased risk for having HCV,
HBYV, or alcohol-induced liver disease was associated
with younger age, male gender, and non-white race
(Table 4). Among these variables, race was the strongest
confounder of the association between the time period of
diagnosis and the presence of HCV, HBV, or alcohol-
induced liver disease, as indicated by the change in the
parameter estimate value for the time period of diagno-
sis. Inclusion of race most significantly decreased the
effect of more recent time on the presence of HCV, HBV,
and alcohol-induced liver disease.

Table 3. Results From 6 Separate Multiple Logistic Regression Analyses Examining the Association Between the Time Period
of HCC Diagnosis (7/1996-12/1999 vs 1/1993-6/1996) and Each of the HCC Risk Factors (HCV, HBV,
Alcohol-Induced Liver Disease, Nonspecific Cirrhosis, Nonspecific Hepatitis, and Idiopathic)

Unadjusted odds ratio
time period of HCC

diagnosis and risk factor

for Adjusted odds ratio for
time period of HCC

diagnosis and risk factor

P value for
adjusted odds ratio

HCV (n = 420)
HBV (n = 226)

Alcohol-induced liver disease (n = 550)
Nonspecific cirrhosis (n = 441)
Nonspecific cirrhosis (n = 103)

Idiopathic (n = 1067)

217
1.82
1.09
.82
.88
.82

1.74-2.70)
1.37-2.43)
.90-1.31)
.66-1.01)
.59-1.32)
.70-.96)

2.26 (1.79-2.86) <.0001
1.67 (1.22-2.28) .0013
1.16 (.95-1.42) .1361
.84 (.68-1.03) .0959
.89 (.60-1.34) .5864
.83 (.70-.98) .0238

NOTE. N = 2584. All models adjusted for age at HCC diagnosis, sex, race, geographic region (SEER registry), and Medicare/Medicaid dual

enroliment.
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Table 4. Multiple Logistic Regression Analysis Examining Association Between HCV and Time Period of HCC Diagnosis,
Adjusting for Age, Sex, Race, Geographic Region (SEER Registry), and Medicare/Medicaid Dual Enroliment

Odds 95% confidence
ratio interval Wald x? test P value
Year of diagnosis
1/1993-6/1996 1.00 — — Reference
7/1996-12/1999 2.26 1.79-2.86 46.65 <.0001
Age at HCC diagnosis
65-69 1.00 — — Reference
70-74 .69 .51-.93 6.01 .0142
75-79 .64 47-.87 8.12 .0044
=80 .25 A7-.37 52.35 <.0001
Sex
Male 1.00 — — Reference
Female 1.93 1.53-2.43 31.09 <.0001
Race
White 1.00 — — Reference
Black 2.49 1.73-3.60 23.89 <.0001
Hispanic 1.40 .82-2.39 1.53 .2157
Asian 2.18 1.49-3.18 16.17 <.0001
Other 1.22 .79-1.88 .82 .3653
Registry
Atlanta 1.00 — — Reference
Utah .20 .04-.89 4.48 .0343
Connecticut .51 .26-.98 4.10 .0429
Detroit 77 .44-1.36 .83 .3619
Hawaii .46 .21-1.02 3.69 .0548
lowa 41 .19-.86 5.54 .0186
Los Angeles 2.08 1.22-3.57 7.14 .0075
New Mexico .98 49-1.97 .0041 .9491
San Francisco .84 .46-1.55 .31 5796
San Jose 1.92 .98-3.76 3.64 .0561
Seattle .94 .50-1.76 .036 .8493
Medicare/Medicaid dual enroliment .63 47-.85 9.38 .0022

NOTE. N = 2584.

Discussion

Our study was a population-based study to examine
the underlying risk factors among patients with HCC in the
United States between 1993 and 1999. Among Medicare-
enrolled patients with HCC, significant increases in HCV-
and HBV-related HCC occurred over the past decade,
whereas HCC associated with alcohol-induced liver disease,
nonspecific cirrhosis, and nonspecific hepatitis has remained
unchanged. HCV-related HCC doubled from 11% to 21%
of all HCCs, whereas HBV-related HCC increased from 6%
to 11% during the same time. These increases persisted
after adjusting for other significant predictors of these risk
factors including age, race, and sex.

These findings indicate that HCV has contributed to a
significant proportion of the increase in HCC, and that in
this population of patients 65 years and older, HCV-related
HCC disproportionately affected relatively younger pa-
tients. Prior studies have estimated that the HCV infection
epidemic in the United States began in the 1960s and
reached a peak in the 1980s, with persons in their 20s to

30s being at the highest risk for acquiring the infection.!!
Transmission of HCV likely was associated with injection
drug use, and the transfusion of unscreened blood and blood
products. These individuals are at significantly increased
risk for developing HCC after 3 decades or more of chronic
HCV infection. Therefore, during the time frame of the
current study (the 1990s), one would expect only a small
fraction of HCV-related HCC to affect elderly persons (65
years and older). Indeed, national trends indicate that HCC
rates have increased more dramatically among men between
ages 45 and 65 than among any other group. Several mostly
retrospective nonrandomized studies have suggested that
interferon-alfa therapy in patients with HCV-related cirrho-
sis can decrease the risk for HCC.'>-'4 However, because
many patients with HCV are ineligible for antiviral therapy
because of comorbid illnesses,'>'¢ current therapy is un-
likely to result in a large-scale change in the clinical course
of HCV. Therefore, within the next several years, one would
also expect HCC-related HCV eventually to account for a
greater proportion of HCC cases among the elderly.
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Findings from this study also indicate that HBV has
contributed to the increase in HCC. HBV is the primary
risk factor for HCC among Asian populations. Serologic
studies have shown that recent immigrants from HBV
endemic areas are at high risk for developing chronic
HBYV infection and HBV-related HCC.!” In the current
study, the proportion of Asians with HCC significantly
increased from 8% to 15%, which partly could explain
the increasing rates of HBV observed during the more
recent time period. However, the increase in HBV per-
sisted after adjusting for racial differences, indicating
that the increasing proportion of Asians in the more
recent time period could not fully account for the in-
crease in HBV, and that other factors not examined in
this study were responsible for this increase.

The significant increase in HCV- and HBV-related
HCC could partly reflect an effect of improved detection
or reclassification. Although we did not observe an in-
crease in the proportions of overall or type of diagnostic
tests among patients with HCV-related HCC, an in-
creased awareness of HCC risk and improvements in the
sensitivity of the enzyme-linked immunosorbent assay
for HCV antibody could have resulted in higher rates of
HCV detection during the more recent time period.!s
The use of HCC screening tests, particularly among
patients with HCV- and HBV-related cirrhosis, also
potentially could explain the increase in HCV- and
HBV-related HCC.!® However, the use of ultrasound or
computed tomography scan of the abdomen within 1
year preceding the HCC diagnosis did not change over
time during the study period. Further, given that the
proportion of HCC patients without a recorded known
specific risk factor decreased only slightly from 43% to
39%, a detection bias is unlikely to account completely
for the increase in HCV- and HBV-related HCC.

Alternatively, patients with HCV could have been
misclassified as having nonspecific cirrhosis or nonspe-
cific hepatitis during the earlier time period because no
ICD-9 code was available to specify HCV before 1992.
Instead, patients with HCV may have been classified as
having nonspecific hepatitis or nonspecific cirrhosis.
However, we observed no significant changes in nonspe-
cific cirrhosis or nonspecific hepatitis over time. These
findings suggest that misclassification owing to changes
in diagnostic coding cannot fully explain the increase in
HCV-related HCC observed in this study.

These results corroborate and extend our previous 3
non—population-based studies. The first was conducted
using the Department of Veterans Affairs national ad-
ministrative datasets from more than 170 facilities, and
indicated a 3-fold increase in age-adjusted proportional
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hospitalization for HCV-associated HCC during 1993—
1998.3> However, contrary to our current findings, no
significant change over time was observed for HBV-
related HCC. This may have resulted from the low
proportion of Asians who receive care from the Depart-
ment of Veterans Affairs. The second study, using data
from a single-site referral center (MD Anderson, Hous-
ton, TX) between 1993 and 1998, also found an increase
in HCV but not HBV infections among patients with
HCC.* Finally, a study released in abstract form indi-
cated similar findings only among patients born in the
United States who were seen at a large county hospital in
Houston.?¢

It is important to highlight that although HCV and
HBV were the 2 specific risk factors that increased
among patients with HCC, they only accounted for one
third of all cases during the late 1990s. Approximately
40% of HCC patients did not have a recorded risk factor.
These findings might indicate a limitation of the data
source but they are consistent with previous studies
reporting that 20% to 50% of HCC patients in the
United States have idiopathic disease.?420-21 Recent
studies have implicated diabetes and non-alcohol-in-
duced fatty liver disease as risk factors for at least a
proportion of these idiopathic cases.??-24

There are limitations to this study that are related to
the uncertain accuracy and completeness of the informa-
tion on risk factors in the SEER-Medicare-linked data-
base. We have taken several steps to maximize the pos-
sibility of capturing risk factor information from claims
data. For patients 65 years of age or older with contin-
uous Medicare part A and part B enrollment and no
enrollment in a HMO plan, Medicare files capture 100%
of their Medicare claims for tests, procedures, out-patient
visits, and hospitalization.> We restricted the study co-
hort to these patients and we searched for risk factor
information for up to a 4-year period (2 years before and
up to 2 years after the HCC diagnosis). This time span
was selected based on an earlier analysis that showed a
small difference in the ability to identify more recorded
risk factors among HCC patients beyond this 4-year
period. However, restricting the study sample to include
only those patients with an adequate exposure time to
the Medicare system, as well as excluding those patients
enrolled in a Medicare HMO plan, could have biased our
results. Results from the sensitivity analysis indicated
that the exclusion criteria used for this study resulted in
a generally greater proportion of patients with HCV,
HBV, and alcohol-induced liver disease in the study
cohort as compared with the entire population of
Medicare-enrolled HCC patients’ age 65 years and older.



1380 DAVILA ET AL.

The magnitude of the bias affecting the estimates of
changes in these risk factors over time was greatest for
HCV, and, to a lesser extent, HBV. Finally, although
some risk factors may have been missed, this loss of
information is likely to have occurred randomly.
Important strengths of this study are related to its data
source as well as case definition. The SEER-Medicare data-
base is population based, and the registries are selected to
represent the entire US population, and therefore our overall
findings probably are generalizable to the entire US popu-
lation age 65 years and older.”> The SEER program main-
tains at least a 98% completeness rate for case ascertain-
ment.> All cases of HCC included in this analysis were con-
firmed by pathology, radiology, and/or laboratory testing.
In conclusion, our results indicate that there have been
significant increases in HCV- and, to a lesser extent, in
HBV-related HCC among persons 65 years of age and
older. These increases have contributed to a large degree
to the increasing rates of HCC observed during the past
decade in the United States. Other risk factors, such as
alcohol-induced liver disease and nonspecific cirrhosis,
remained unchanged over time. Increases in HBV- and
HCV-related HCC could not be explained by secular
changes in age, sex, race, or geographic region. We
strongly recommend that future studies use existing
population-based SEER cancer registries to prospectively
identify and collect these risk factors (Figure 2).
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