
H
H

J
H
*
M
H

B
d
p
i
E
l
e
y
1
f
w
a
o
c
a
i
1
t
y
v
a
D
H
l
r
a
t
d
o
t
s
T
H
e
H

A
p
a

GASTROENTEROLOGY 2004;127:1372–1380
epatitis C Infection and the Increasing Incidence of
epatocellular Carcinoma: A Population-Based Study

ESSICA A. DAVILA,* ROBERT O. MORGAN,* YASSER SHAIB,‡ KATHERINE A. MCGLYNN,§ and
ASHEM B. EL–SERAG‡

Section of Health Services Research and ‡Section of Gastroenterology, Houston Veterans Affairs Medical Center and Baylor College of
edicine, Houston, Texas; and the §Division of Cancer Epidemiology and Genetics, National Cancer Institute/Department of Health and

uman Services

1
p
m
2

m
h
e
t
p
t
V
H
i
s
s
H
t
s

I
f
(
f
t
a
6

M

z
l

ackground & Aims: A significant increase in the inci-
ence of hepatocellular carcinoma (HCC) has been re-
orted in the United States. The risk factors underlying this

ncrease remain unclear. Methods: By using Surveillance,
pidemiology, and End-Results program (SEER)-Medicare–

inked data, we conducted a population-based study to
xamine temporal changes in risk factors for patients 65
ears and older diagnosed with HCC between 1993 and
999. Only patients with continuous Medicare enrollment
or 2 years before and up to 2 years after HCC diagnosis
ere examined. Univariate and multiple logistic regression
nalyses were used to evaluate changes in risk factors
ver time (January 1993–June 1996 and July 1996–De-
ember 1999). Results: The age-adjusted incidence of HCC
mong persons 65 years of age and older significantly

ncreased from 14.2 per 100,000 in 1993 to 18.1 per
00,000 in 1999. We identified 2584 patients with con-
inuous Medicare enrollment 2 years before and up to 2
ears after HCC diagnosis. The proportion of hepatitis C
irus (HCV)-related HCC increased from 11% during Janu-
ry of 1993 to June of 1996 to 21% during July of 1996 to
ecember of 1999, whereas hepatitis B virus (HBV)-related
CC increased from 6% to 11% (P < .0001). In multiple

ogistic regression analyses that adjusted for age, sex,
ace, and geographic region, the risk for HCV-related HCC
nd HBV-related HCC increased by 226% and 67%, respec-
ively. Idiopathic HCC decreased from 43% to 39%. This
ecrease did not fully account for the significant increases
bserved for HCV and HBV. No significant changes over
ime were observed for alcohol-induced liver disease, non-
pecific cirrhosis, or nonspecific hepatitis. Conclusions:
here has been a significant recent increase in HCV- and
BV-related HCC. Increasing rates of HCV-related HCC can
xplain a substantial proportion of the reported increase in
CC incidence during recent years.

substantial increase in the incidence of hepatocellu-
lar carcinoma (HCC) has been reported during the

ast 2 decades in the United States.1,2 The average

nnual age-adjusted incidence of HCC increased from
.3 per 100,000 for the period from 1981 to 1983 to 3.0
er 100,000 for the period from 1996 to 1998.2 The
ajority of this increase occurred during the 1990s; a

5% increase was observed between 1993 and 1998.
The cause of this increase remains uncertain. The
ajor risk factors for HCC are hepatitis C virus (HCV),

epatitis B virus (HBV), and alcohol-induced liver dis-
ase. Two published studies have examined temporal
rends in the prevalence of underlying risk factors among
atients with HCC.3,4 However, neither were popula-
ion-based studies. A study from the Department of
eterans Affairs found a 3-fold increase in HCV-related
CC, whereas HCC associated with HBV or alcohol-

nduced liver disease, and idiopathic cirrhosis remained
table.3 Findings from a single-center, hospital-based
tudy detected an almost 2-fold increase in HCV-related
CC, although no significant changes in other risk fac-

ors were observed.4 Thus, generalizability of these re-
ults to explain the national trends in HCC is limited.

In 1991, the investigators for the National Cancer
nstitute linked records of patients with cancer identified
rom the Surveillance, Epidemiology, and End-Results
SEER) population-based registries to Medicare claims
rom the Centers for Medicare and Medicaid Services.5 In
his study, we used SEER-Medicare–linked data to ex-
mine the temporal trends of risk factors in patients age
5 years of age and older with HCC.

Methods

Data Source

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

Abbreviations used in this paper: HMO, health maintenance organi-
ation; ICD, International Classification of Diseases; SEER, Surveil-
ance, Epidemiology, and End-Results program.

© 2004 by the American Gastroenterological Association
0016-5085/04/$30.00
doi:10.1053/j.gastro.2004.07.020
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nformation with Medicare claims data. The SEER program is
n ongoing contract-supported program of the National Can-
er Institute to collect population-based cancer incidence and
urvival data. Since 1992, the SEER program has collected
ata on incident cancer cases from 11 population-based cancer
egistries in 5 states (Connecticut, Hawaii, Iowa, New Mexico,
tah) and 6 metropolitan areas (Los Angeles, San Francisco/
akland, San Jose, Detroit, Seattle, Atlanta) that account for

pproximately 14% of the population in the United States.5

or each case identified, the SEER program collects demo-
raphic features, date of cancer diagnosis, cancer site, and
ethod of diagnosis (histology, cytology, microscopic confir-
ation [method not specified], laboratory test/marker study,

irect visualization, or positive radiology test). The Interna-
ional Classification of Diseases for Oncology (ICD-O-2) is
sed by SEER to classify primary site and histologic type for
ll cancers ascertained by the program.6

Medicare claims data are collected for both Medicare part A
nd part B benefits. Medicare is the primary health insurer for
pproximately 97% of individuals age 65 years and older in
he United States. Persons less than 65 years of age are eligible
or Medicare benefits owing to disability or end-stage renal
isease. Approximately 95% of Medicare beneficiaries are cov-
red by both part A and part B benefits.5 Claims information
rom in-patient hospitalizations covered by Medicare part A
enefits are included in the Medicare Provider Analysis and
eview files. This file contains up to 10 diagnoses and 10
rocedure codes using ICD 9th revision (9-CM) codes. Medi-
are claims data for all part B–covered benefits includes out-
atient hospital services and physician office visits. These files
ontain dates of services, as well as both ICD-9-CM diagnosis
odes and Current Procedural Terminology-4 codes for all
illed claims.5

The linkage of SEER-Medicare data is a collaborative effort
y the National Cancer Institute, the SEER registries, and
enters for Medicare and Medicaid Services.5 This database
ontains Medicare part A and part B claims data for all patients
dentified by SEER registries between 1973 and 1999, al-
hough Medicare claims only are available beginning in 1991.
o link patients identified by the SEER registries to informa-

ion contained in the Medicare claims files, the SEER and
edicare Enrollment Databases are merged using an algo-

ithm that matches social security number, name, sex, and date
f birth. The use of this methodology to perform the linkage
aptures approximately 93% of patients in the SEER database
ge 65 years and older.5

Study Population

All patients age 65 years and older diagnosed with
CC in SEER registries who also were enrolled in Medicare

etween 1993 and 1999 were eligible for inclusion. Only
atients with diagnostic confirmation of HCC (ICD-O code �
170) were included in our analysis. Diagnostic confirmation
as defined as having positive histology, cytology, laboratory
est/marker study, direct visualization, or positive radiology p
ests. Patients with clinical diagnosis only or unknown method
f confirmation were excluded. In addition, we excluded pa-
ients diagnosed with stomach, colon, lung, pancreatic, breast,
r rectal cancers within the 5 years before the date of HCC
iagnosis to ensure the inclusion of only HCC, rather than
etastatic liver cancers.
To include patients with equal exposure to risk factor

nformation, we selected only patients with continuous enroll-
ent in Medicare parts A and B for at least the 2 years before

nd up to 2 years after the HCC diagnosis or until death. We
xcluded patients enrolled in a health maintenance organiza-
ion (HMO) during this time frame because Medicare HMO
lans have not been required to submit individual claims to
MS for specific services received by patients’ enrolled in
edicare.5 Patients whose HCC diagnoses were reported ex-

lusively by death certificates or at autopsy also were excluded.
hese patients did not have a diagnosis of HCC while they
ere alive and no other sources of information were available.

Definitions of Risk Factors for HCC

By using ICD-9 codes, we identified several potential
isk factors for HCC.7 These included HCV (ICD-9 codes:
70.41, 070.44, 070.51, 070.54, V02.62), HBV (ICD-9
odes: 070.22, 070.23, 070.32, 070.33, V02.61), and alcohol-
nduced liver disease. Alcohol-induced liver disease was de-
ned by the presence of ICD-9 codes for alcohol-induced fatty
iver disease (ICD-9 code: 571.0), alcohol-induced hepatitis
ICD-9 code: 571.1), alcohol-induced cirrhosis (ICD-9 code:
71.2), alcohol-induced liver damage (ICD-9 code: 571.3),
nd cirrhosis (ICD-9 codes: 571.5, 571.6) in the presence of
lcoholism (ICD-9 code: 291, 303, 305.0). Nonspecific cirrho-
is was defined by the presence of cirrhosis (ICD-9 codes:
71.5, 571.6) without the presence of HCV, HBV, or alcohol-
nduced liver disease. Nonspecific hepatitis was defined by the
resence of nonspecific hepatitis (ICD-9 codes: 571.4, 573.3)
ithout the presence of HCV, HBV, alcohol-induced liver
isease, or nonspecific cirrhosis. Patients without any reported
ajor risk factors (HCV, HBV, alcohol-induced liver disease,

onspecific cirrhosis, or nonspecific hepatitis) were denoted as
diopathic. Risk factors were identified based on Medicare part

or B claims for the 2 years preceding and 2 years succeeding
he date of HCC diagnosis. We assumed that HCC risk factors
ecorded after HCC diagnosis most likely were acquired before
CC diagnosis. All of these HCC risk factors were unlikely to

e acquired late in life, or to be caused by HCC.

Other Collected Information

Demographic information included age, race, geo-
raphic region, and Medicare/Medicaid dual enrollment. Age
as categorized into 5-year age groups. Race was classified as
hite, black, Hispanic, Asian, and other. Geographic region
as categorized based on the 11 SEER registries. The state
uy-in variable in Medicare indicates whether a third-party

ayer was paying for a beneficiary’s Medicare premiums, and
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1374 DAVILA ET AL. GASTROENTEROLOGY Vol. 127, No. 5
erved as a proxy for socioeconomic status. These individuals
ere considered Medicare/Medicaid dually enrolled.

Statistical Analysis

Age-adjusted incidence rates for HCC were calculated
or the entire time period (1993–1999), as well as 2 equal time
eriods (January 1993–June 1996 and July 1996–December
999). To calculate these rates, the age-specific proportions of
atients with HCC were calculated for 5-year age groups and
hen summed and adjusted according to the method of direc-
ion standardization to reflect the age-distribution of the 2000
S standard population.8 Similar methods were used to cal-

ulate age-adjusted incidence rates for HCV-related HCC,
BV-related HCC, and alcohol-induced liver disease–related
CC. All rates were expressed as proportional rates per

00,000 of the underlying population. We calculated the
tandard error and 95% confidence interval for each age-
djusted rate.9 Any 2 rates whose confidence intervals did not
verlap were considered significantly different.

We compared the demographic features and prevalence of
isk factors associated with HCC between patients diagnosed
ith HCC during 2 time periods (January 1993–June 1996

nd July 1996–December 1999). �2 tests were conducted for
ategoric variables and t tests were performed for continuous
ariables. Unadjusted relative risks and 95% confidence inter-
als, as well as P values, were calculated for each risk factor.

The proportions of patients diagnosed by testing modality
btained from SEER were compared between 2 time periods
January 1993–June 1996 and July 1996–December 1999).
hese comparisons were conducted for all patients as well as

or categories with the major risk factors for HCC. We also
ompared the proportions of patients who had any computed
omography scan and/or ultrasound of the abdomen obtained
rom Medicare claims within 1 year before HCC diagnosis.

The prevalence of risk factors among patients with HCC, as
ell as changes in the prevalence over time, could have been

ffected by a selection bias arising from the inclusion and
xclusion criteria used for this study. A sensitivity analysis was
onducted to quantify potential systematic error in the risk
actor estimates because of differences between patients in-
luded in the study cohort and the population of Medicare-
nrolled HCC patients’ age 65 years and older in the SEER-
edicare database. We calculated the proportion of HCV,
BV, and alcohol-induced liver disease in the population of
edicare-enrolled HCC patients age 65 years and older in the

EER-Medicare database during the 2 time periods (January
993–June 1996 and July 1996–December 1999) and applied
hese proportions to the study cohort to determine the ex-
ected number of HCC patients with each risk factor. Based on
hese expected numbers, we calculated the prevalence of HCV,
BV, and alcohol-induced liver disease during each time

eriod, and determined the percent change in the prevalence of
hese risk factors. The percent change in the prevalence of
CV, HBV, and alcohol-induced liver disease observed in the
tudy cohort was compared with the expected percent change p
n these risk factors and differences between these values were
valuated.10

Six separate multiple logistic regression models were con-
tructed to examine the association between diagnosis of each
CC risk factor (HCV, HBV, alcohol-induced liver disease,

onspecific cirrhosis, nonspecific hepatitis, or idiopathic) and
ime of diagnosis (January 1993–June 1996 and July 1996–
ecember 1999), adjusting for age, sex, race, geographic re-
ion, and Medicare/Medicaid dual enrollment. Wald �2 tests
ere used to determine the significance of each variable. Ad-

usted odds ratios and 95% confidence intervals were calcu-
ated for each parameter estimate.

Results

We initially identified 4015 patients age 65 years
nd older in the SEER-Medicare database with diagnos-
ically confirmed HCC between 1993 and 1999. Of these
ases, 2584 patients with HCC satisfied our criteria for
nclusion in the study cohort. The 1431 patients were
xcluded for the following reasons: enrollment in a Medi-
are HMO plan during the 2 years before or after the date
f HCC diagnosis (n � 960); enrollment in Medicare
art A and part B for less than 2 years before the index
ate (n � 330); diagnosis of stomach, colon, lung, pan-
reatic, breast, or rectal cancer within the 5-year period
efore the date of HCC diagnosis (n � 107); and report-
ng source of autopsy of death certificate (n � 34).

Demographic Features of the Study Cohort

The study cohort included 2584 patients, with a
ean age of 74 years (SD � 8.4 y). Approximately 19%
ere between ages 65 and 69, 30% between ages 70 and
4, 27% between ages 75 and 79, and 24% age 80 years
nd older (Table 1). The majority (67%) were men.
pproximately 66% were white, 9% were black, 4%
ere Hispanic, 12% were Asian, and 9% were of other

ace. Almost 28% were dually enrolled in Medicare/
edicaid programs. Among the 11 geographic regions,
tah had the lowest number of patients (n � 63, 2%),

nd Los Angeles had the greatest number of patients (n
603, 23%). Of the remaining geographic regions, 410

atients (16%) were reported in Detroit, 287 (11%) in
an Francisco, 283 (11%) in Connecticut, 221 (9%) in
eattle, 222 (9%) in Iowa, 130 (5%) in New Mexico, 123
5%) in Atlanta, 124 (5%) in Hawaii, and 118 (5%) in
an Jose.

Age-Adjusted Incidence Rates of HCC

Between 1993 and 1999, the age-adjusted inci-
ence was 16.2 per 100,000 among all Medicare-enrolled

atients age 65 years and older. The age-adjusted inci-
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ence rates increased from 14.2 per 100,000 in 1993 to
8.1 per 100,000 in 1999, representing a 27% increase.

Prevalence of HCC Risk Factors

Among risk factors for HCC, the proportion of
CC patients with alcohol-induced liver disease was the

argest (21.2%), followed by HCV (16.3%), nonspecific
irrhosis (17.1%), HBV (8.8%), and nonspecific hepatitis
4.0%) (Table 1). Approximately 41.3% of HCC patients
ere identified as having idiopathic disease. Among
196 patients with at least 1 of the 3 major risk factors
HCV, HBV, and alcohol-induced liver disease), 7.5%
ad HCV and alcohol-induced liver disease, 4.3% had

able 1. Comparison of Demographic Characteristics and Ris
With HCC During 1993 and 1999

Frequency of
patients diagnosed

with HCC during
1/1993–6/1996
(%) (n � 1259)

ge at HCC diagnosis, y
65–69 235 (18.7)
70–74 383 (30.4)
75–79 346 (27.5)
�80 295 (23.4)

ex
Men 829 (65.8)
Women 430 (34.2)

ace
White 876 (69.6)
Black 110 (8.7)
Hispanic 42 (3.3)
Asian 100 (7.8)
Other 133 (10.6)

eographic region
Atlanta 59 (4.7)
Utah 32 (2.5)
Connecticut 153 (12.2)
Detroit 191 (15.2)
Hawaii 53 (4.2)
Iowa 113 (9.0)
Los Angeles 310 (24.6)
New Mexico 60 (4.8)
San Francisco 138 (10.9)
San Jose 48 (3.8)
Seattle 102 (8.1)
edicare/Medicaid dual enrollment 366 (28.2)
isk Factors
HCV 139 (11.0)
HBV 80 (6.4)
Alcohol-induced liver disease 259 (20.6)
Nonspecific cirrhosis 233 (18.5)
Nonspecific hepatitis 61 (4.2)
Idiopathic 632 (43.4)

OTE. N � 2584.
Comparison for the relative risk is between the 2 time periods (1/1
CV and HBV, 2.5% had HBV and alcohol-induced J
iver 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
ates were calculated for HCV-related HCC, HBV-re-
ated HCC, and alcohol-induced liver disease–related
CC. During the period from 1993 to 1999, the age-

djusted incidence rates were 1.68 per 100,000 for HCV,
.92 per 100,000 for HBV, and 2.19 per 100,000 for
lcohol-induced liver disease. HCV significantly in-
reased from 1.13 per 100,000 during January of 1993–

ctors Among Patients Diagnosed

Frequency of
tients diagnosed

with HCC during
/1996–12/1999
(%) (n � 1325)

Relative risk
(95% confidence interval)a P value

243 (18.3) 1.00 (reference) .7737
394 (29.8) 1.00 (.92–1.09)
354 (26.7) .99 (.91–1.09)
334 (25.2) .99 (.91–1.09)

892 (67.3) 1.00 (reference) .4614
433 (32.7) .95 (.86–1.07)

841 (63.6) 1.00 (reference) �.0001
114 (8.7) 1.07 (.84–1.37)
64 (4.8) 1.54 (1.06–2.26)

203 (15.5) 1.89 (1.51–2.37)
101 (7.6) .81 (.64–1.04)

64 (4.8) 1.00 (reference) .2793
31 (2.3) .93 (.62–1.69)

130 (9.8) .93 (.82–1.06)
219 (16.5) 1.01 (.92–1.11)
71 (5.4) 1.11 (.86–1.43)

109 (8.2) .96 (.82–1.12)
293 (22.1) .98 (.91–1.04)
70 (5.3) 1.03 (.81–1.32)

149 (11.3) 1.00 (.88–1.13)
70 (5.3) 1.16 (.89–1.52)

119 (9.0) 1.08 (.69–1.67)
349 (27.1) .91 (.80–1.03) .1209

281 (21.2) 1.92 (1.59–2.32) �.0001
146 (11.0) 1.73 (1.34–2.25) �.0001
291 (22.0) 1.07 (.92–1.24) .3882
208 (15.7) .85 (.72–1.01) .0578
42 (3.7) .95 (.81–1.12) .5428

435 (38.5) .86 (.79–0.94) .0008

6/1996, 7/1996–12/1999).
k Fa

pa

7

une of 1996 to 2.30 per 100,000 during July of 1996–



D
D
f
i
s

d
1
c
(
T
f
(
H
(
c
a
n

b
t
D
H
t
d
c
M

d
s
t

b
1
c
t
e
s
o
d
c
w
o
f
o
H
n
u
o
r

i
i
1
1
o
i
l
c
t
t
1
1
a

F
d
1

F
l
p

1376 DAVILA ET AL. GASTROENTEROLOGY Vol. 127, No. 5
ecember of 1999, representing a 102% increase.
uring these same time periods, HBV also increased

rom 0.65 per 100,000 to 1.19 per 100,000, represent-
ng an 83% increase. No significant changes were ob-
erved for alcohol-induced liver disease.

In univariate analyses, more recent time period of
iagnosis ( July 1996–December 1999 vs. January
993–June 1996) was associated with a significant in-
rease in the proportion of HCC patients with HCV
11.0% to 21.2%) and HBV (6.4% to 11.0%) (Figure 2).
he corresponding unadjusted relative risks were 1.92

or HCV-related HCC and 1.73 for HBV-related HCC
Table 1). The proportion of patients with idiopathic
CC also significantly decreased from 43.4% to 38.5%

unadjusted relative risk � .92; P � .01). No significant
hanges over time were observed for HCC patients with
lcohol-induced liver disease, nonspecific cirrhosis, or
onspecific hepatitis (Figure 2).
Among demographic features, only the racial distri-

ution of patients with HCC significantly changed be-
ween January of 1993–June of 1996 and July of 1996–
ecember of 1999. The proportion of Asians among
CC patients increased from 7.8% to 15.5%, whereas

he proportion of whites decreased from 69.6% to 63.5%
uring the more recent time period. No significant
hanges were observed by age, sex, geographic region, or
edicare/Medicaid dual enrollment (Table 1).
The proportion of patients diagnosed by testing mo-

ality (histology, cytology, microscopic confirmation
pecified, laboratory test/marker study, direct visualiza-

igure 1. The frequency of HCV, HBV, and/or alcohol-induced liver
isease (ALD) among 2584 patients diagnosed with HCC during
993–1999.
ion, or positive radiology test) during the 2 time periods 1
etween January of 1993–June of 1996 and July of
996–December of 1999 are shown in Table 2. These
ategories are constructed by SEER in a hierarchic mu-
ually exclusive fashion in the order shown earlier. For
xample, the presence of positive histologic examination
upercedes all other modalities, whereas positive radiol-
gy diagnosis is considered only in the absence of all
iagnostic modalities. Most patients had microscopic
onfirmation of HCC. Among all patients diagnosed
ith HCC, the proportion of patients diagnosed solely
n the basis of laboratory tests/marker studies increased
rom 1.9% to 3.3%. However, no significant changes
ver time were observed among patients with HCV,
BV, or alcohol-induced liver disease. There were also

o changes in the proportion of patients who had an
ltrasound (62% vs. 63%) or computed tomography scan
f the abdomen (79% vs. 79%) for the 2 time periods,
espectively.

Sensitivity Analysis

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

igure 2. Changes in the proportion of HCV, HBV, alcohol-induced
iver disease, nonspecific cirrhosis, nonspecific hepatitis, and idio-
athic among 2584 patients with HCC over 2 time periods (s, January

993–June 1996; �, July 1996–December 1999).
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November 2004 HCV AND HCC 1377
revalence of alcohol-induced liver disease remained un-
hanged (18% to 19%). Based on the prevalence of these
isk factors if no exclusions were made, we estimated an
7% increase in HCV, a 71% increase HBV, and an 8%
ncrease in alcohol-induced liver disease over time.

Multiple Logistic Regression Analysis

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

able 2. Comparison of the Frequency and Proportion of Pati
1/1993–6/1996 and 7/1996–12/1999

Total cohort
(N � 2584) (n

Overall
1/1993–
6/1996

7/1996–
12/1999

P
value

1/1993–
6/1996

7
1

istology 1587 (61.4) 757 (60.1) 830 (62.6) .19 79 (56.8) 16
ytology 522 (20.2) 294 (23.4) 228 (17.2) .33 25 (18.0) 4
icroscopic
confirmation,
method not
specified

10 (.4) 1 (.1) 9 (.7) .01a 0 (.0)

aboratory
test/marker
study

68 (2.6) 24 (1.9) 44 (3.3) .03a 4 (2.9) 1

irect
visualization

3 (.1) 1 (.1) 2 (.2) .59 1 (.7)

adiology 394 (15.3) 182 (14.4) 212 (16.0) .28 30 (21.6) 5

OTE. N � 2584.

Indicates significance at P � .05.
P value could be not calculated.

able 3. Results From 6 Separate Multiple Logistic Regressi
of HCC Diagnosis (7/1996–12/1999 vs 1/1993–6
Alcohol-Induced Liver Disease, Nonspecific Cirrhosis

Unadjusted odds r
time period of

diagnosis and risk

CV (n � 420) 2.17 (1.74–2.
BV (n � 226) 1.82 (1.37–2.
lcohol-induced liver disease (n � 550) 1.09 (.90–1.3
onspecific cirrhosis (n � 441) .82 (.66–1.0
onspecific cirrhosis (n � 103) .88 (.59–1.3

diopathic (n � 1067) .82 (.70–.96

OTE. N � 2584. All models adjusted for age at HCC diagnosis, se

nrollment.
epatitis (Table 3). Compared with the earlier time period,
he risk for being diagnosed with HCV-related HCC in-
reased by 2-fold during the more recent time period,
hereas HBV-related HCC increased by 67%. Compared
ith the earlier time period, the risk for having idiopathic
isease decreased by 17% during the more recent time
eriod.

In these models, an increased risk for having HCV,
BV, or alcohol-induced liver disease was associated
ith younger age, male gender, and non-white race

Table 4). Among these variables, race was the strongest
onfounder of the association between the time period of
iagnosis and the presence of HCV, HBV, or alcohol-
nduced liver disease, as indicated by the change in the
arameter estimate value for the time period of diagno-
is. Inclusion of race most significantly decreased the
ffect of more recent time on the presence of HCV, HBV,
nd alcohol-induced liver disease.

With HCC Diagnosed by Testing Modality Between

)
HBV

(n � 226)
Alcoholic liver disease

(n � 550)

–
9

P
value

1/1993–
6/1996

7/1996–
12/1999

P
value

1/1993–
6/1996

7/1996–
12/1999

P
value

1) .66 52 (65.0) 79 (54.1) .11 152 (58.7) 159 (54.6) .34
5) .37 16 (20.0) 30 (20.5) .92 48 (18.5) 43 (14.8) .24
) .22 0 (.0) 1 (.7) .46 0 (.0) 4 (1.4) .058

) .25 1 (1.3) 9 (6.2) .09 10 (3.9) 14 (4.8) .58

.61 0 (.0) 0 (.0) b 1 (.4) 0 (.0) .28

6) .63 11 (13.7) 27 (18.5) .36 48 (18.5) 71 (24.4) .09

nalyses Examining the Association Between the Time Period
96) and Each of the HCC Risk Factors (HCV, HBV,
nspecific Hepatitis, and Idiopathic)

or

or

Adjusted odds ratio for
time period of HCC

diagnosis and risk factor
P value for

adjusted odds ratio

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

ce, geographic region (SEER registry), and Medicare/Medicaid dual
ents

HCV
� 420

/1996
2/199

6 (59.
1 (14.
3 (1.1

5 (5.3

1 (.4)

5 (19.
on A
/19
, No

atio f
HCC

fact

70)
43)
1)
1)
2)
)

x, ra
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Discussion

Our study was a population-based study to examine
he underlying risk factors among patients with HCC in the
nited States between 1993 and 1999. Among Medicare-

nrolled patients with HCC, significant increases in HCV-
nd HBV-related HCC occurred over the past decade,
hereas HCC associated with alcohol-induced liver disease,
onspecific cirrhosis, and nonspecific hepatitis has remained
nchanged. HCV-related HCC doubled from 11% to 21%
f all HCCs, whereas HBV-related HCC increased from 6%
o 11% during the same time. These increases persisted
fter adjusting for other significant predictors of these risk
actors including age, race, and sex.

These findings indicate that HCV has contributed to a
ignificant proportion of the increase in HCC, and that in
his population of patients 65 years and older, HCV-related
CC disproportionately affected relatively younger pa-

ients. Prior studies have estimated that the HCV infection
pidemic in the United States began in the 1960s and

able 4. Multiple Logistic Regression Analysis Examining Ass
Adjusting for Age, Sex, Race, Geographic Region (SE

Odds
ratio

ear of diagnosis
1/1993–6/1996 1.00
7/1996–12/1999 2.26

ge at HCC diagnosis
65–69 1.00
70–74 .69
75–79 .64
�80 .25

ex
Male 1.00
Female 1.93

ace
White 1.00
Black 2.49
Hispanic 1.40
Asian 2.18
Other 1.22

egistry
Atlanta 1.00
Utah .20
Connecticut .51
Detroit .77
Hawaii .46
Iowa .41
Los Angeles 2.08
New Mexico .98
San Francisco .84
San Jose 1.92
Seattle .94
edicare/Medicaid dual enrollment .63

OTE. N � 2584.
eached a peak in the 1980s, with persons in their 20s to g
0s being at the highest risk for acquiring the infection.11

ransmission of HCV likely was associated with injection
rug use, and the transfusion of unscreened blood and blood
roducts. These individuals are at significantly increased
isk for developing HCC after 3 decades or more of chronic
CV infection. Therefore, during the time frame of the

urrent study (the 1990s), one would expect only a small
raction of HCV-related HCC to affect elderly persons (65
ears and older). Indeed, national trends indicate that HCC
ates have increased more dramatically among men between
ges 45 and 65 than among any other group. Several mostly
etrospective nonrandomized studies have suggested that
nterferon-alfa therapy in patients with HCV-related cirrho-
is can decrease the risk for HCC.12–14 However, because
any patients with HCV are ineligible for antiviral therapy

ecause of comorbid illnesses,15,16 current therapy is un-
ikely to result in a large-scale change in the clinical course
f HCV. Therefore, within the next several years, one would
lso expect HCC-related HCV eventually to account for a

tion Between HCV and Time Period of HCC Diagnosis,
Registry), and Medicare/Medicaid Dual Enrollment

% confidence
interval Wald �2 test P value

— — Reference
1.79–2.86 46.65 �.0001

— — Reference
.51–.93 6.01 .0142
.47–.87 8.12 .0044
.17–.37 52.35 �.0001

— — Reference
1.53–2.43 31.09 �.0001

— — Reference
1.73–3.60 23.89 �.0001
.82–2.39 1.53 .2157

1.49–3.18 16.17 �.0001
.79–1.88 .82 .3653

— — Reference
.04–.89 4.48 .0343
.26–.98 4.10 .0429
.44–1.36 .83 .3619
.21–1.02 3.69 .0548
.19–.86 5.54 .0186

1.22–3.57 7.14 .0075
.49–1.97 .0041 .9491
.46–1.55 .31 .5796
.98–3.76 3.64 .0561
.50–1.76 .036 .8493
.47–.85 9.38 .0022
ocia
ER

95
reater proportion of HCC cases among the elderly.
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Findings from this study also indicate that HBV has
ontributed to the increase in HCC. HBV is the primary
isk factor for HCC among Asian populations. Serologic
tudies have shown that recent immigrants from HBV
ndemic areas are at high risk for developing chronic
BV infection and HBV-related HCC.17 In the current

tudy, the proportion of Asians with HCC significantly
ncreased from 8% to 15%, which partly could explain
he increasing rates of HBV observed during the more
ecent time period. However, the increase in HBV per-
isted after adjusting for racial differences, indicating
hat the increasing proportion of Asians in the more
ecent time period could not fully account for the in-
rease in HBV, and that other factors not examined in
his study were responsible for this increase.

The significant increase in HCV- and HBV-related
CC could partly reflect an effect of improved detection

r reclassification. Although we did not observe an in-
rease in the proportions of overall or type of diagnostic
ests among patients with HCV-related HCC, an in-
reased awareness of HCC risk and improvements in the
ensitivity of the enzyme-linked immunosorbent assay
or HCV antibody could have resulted in higher rates of
CV detection during the more recent time period.18

he use of HCC screening tests, particularly among
atients with HCV- and HBV-related cirrhosis, also
otentially could explain the increase in HCV- and
BV-related HCC.19 However, the use of ultrasound or

omputed tomography scan of the abdomen within 1
ear preceding the HCC diagnosis did not change over
ime during the study period. Further, given that the
roportion of HCC patients without a recorded known
pecific risk factor decreased only slightly from 43% to
9%, a detection bias is unlikely to account completely
or the increase in HCV- and HBV-related HCC.

Alternatively, patients with HCV could have been
isclassified as having nonspecific cirrhosis or nonspe-

ific hepatitis during the earlier time period because no
CD-9 code was available to specify HCV before 1992.
nstead, patients with HCV may have been classified as
aving nonspecific hepatitis or nonspecific cirrhosis.
owever, we observed no significant changes in nonspe-

ific cirrhosis or nonspecific hepatitis over time. These
ndings suggest that misclassification owing to changes
n diagnostic coding cannot fully explain the increase in
CV-related HCC observed in this study.
These results corroborate and extend our previous 3

on–population-based studies. The first was conducted
sing the Department of Veterans Affairs national ad-
inistrative datasets from more than 170 facilities, and
ndicated a 3-fold increase in age-adjusted proportional M
ospitalization for HCV-associated HCC during 1993–
998.3 However, contrary to our current findings, no
ignificant change over time was observed for HBV-
elated HCC. This may have resulted from the low
roportion of Asians who receive care from the Depart-
ent of Veterans Affairs. The second study, using data

rom a single-site referral center (MD Anderson, Hous-
on, TX) between 1993 and 1998, also found an increase
n HCV but not HBV infections among patients with
CC.4 Finally, a study released in abstract form indi-

ated similar findings only among patients born in the
nited States who were seen at a large county hospital in
ouston.20

It is important to highlight that although HCV and
BV were the 2 specific risk factors that increased

mong patients with HCC, they only accounted for one
hird of all cases during the late 1990s. Approximately
0% of HCC patients did not have a recorded risk factor.
hese findings might indicate a limitation of the data

ource but they are consistent with previous studies
eporting that 20% to 50% of HCC patients in the
nited States have idiopathic disease.3,4,20,21 Recent

tudies have implicated diabetes and non–alcohol-in-
uced fatty liver disease as risk factors for at least a
roportion of these idiopathic cases.22–24

There are limitations to this study that are related to
he uncertain accuracy and completeness of the informa-
ion on risk factors in the SEER-Medicare–linked data-
ase. We have taken several steps to maximize the pos-
ibility of capturing risk factor information from claims
ata. For patients 65 years of age or older with contin-
ous Medicare part A and part B enrollment and no
nrollment in a HMO plan, Medicare files capture 100%
f their Medicare claims for tests, procedures, out-patient
isits, and hospitalization.5 We restricted the study co-
ort to these patients and we searched for risk factor
nformation for up to a 4-year period (2 years before and
p to 2 years after the HCC diagnosis). This time span
as selected based on an earlier analysis that showed a

mall difference in the ability to identify more recorded
isk factors among HCC patients beyond this 4-year
eriod. However, restricting the study sample to include
nly those patients with an adequate exposure time to
he Medicare system, as well as excluding those patients
nrolled in a Medicare HMO plan, could have biased our
esults. Results from the sensitivity analysis indicated
hat the exclusion criteria used for this study resulted in

generally greater proportion of patients with HCV,
BV, and alcohol-induced liver disease in the study

ohort as compared with the entire population of

edicare-enrolled HCC patients’ age 65 years and older.
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he magnitude of the bias affecting the estimates of
hanges in these risk factors over time was greatest for
CV, and, to a lesser extent, HBV. Finally, although

ome risk factors may have been missed, this loss of
nformation is likely to have occurred randomly.

Important strengths of this study are related to its data
ource as well as case definition. The SEER-Medicare data-
ase is population based, and the registries are selected to
epresent the entire US population, and therefore our overall
ndings probably are generalizable to the entire US popu-
ation age 65 years and older.5 The SEER program main-
ains at least a 98% completeness rate for case ascertain-
ent.5 All cases of HCC included in this analysis were con-

rmed by pathology, radiology, and/or laboratory testing.
In conclusion, our results indicate that there have been

ignificant increases in HCV- and, to a lesser extent, in
BV-related HCC among persons 65 years of age and

lder. These increases have contributed to a large degree
o the increasing rates of HCC observed during the past
ecade in the United States. Other risk factors, such as
lcohol-induced liver disease and nonspecific cirrhosis,
emained unchanged over time. Increases in HBV- and
CV-related HCC could not be explained by secular

hanges in age, sex, race, or geographic region. We
trongly recommend that future studies use existing
opulation-based SEER cancer registries to prospectively
dentify and collect these risk factors (Figure 2).
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