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Abstract

Objective: To analyze longitudinal trends in the incidence, etiology, and treatment of hepatocellular carcinoma (HCC)
in community residents in Olmsted County, Minnesota, and their survival.
Patients and Methods: Olmsted County residents 20 years or older with HCC newly diagnosed from January 1, 1976,
through December 31, 2008, were identified using a community-wide medical record linkage system (Rochester
Epidemiology Project). The incidence rate of HCC was calculated by age and sex according to the 2000 US Census
population. Temporal trends of HCC etiology, treatment, and patient survival were assessed.
Results: The age- and sex-adjusted incidence rate for HCC in Olmsted County was 3.5 per 100,000 person-years for
the first era (1976-1990), 3.8 per 100,000 for the second era (1991-2000), and 6.9 per 100,000 for the third era
(2001-2008). Alcohol use was the most common risk factor in the first and second eras and chronic hepatitis C virus
in the third. The proportion attributed to nonalcoholic fatty liver disease was small (5/47 [10.6%] in the third era).
Because the proportion of patients receiving curative treatment increased over time, survival also improved, with a
median survival time of 3, 6, and 9 months in the first, second, and third eras, respectively (P�.01).
Conclusion: In this midwestern US community, the incidence of HCC has increased, primarily due to hepatitis C virus.
Although there was a demonstrable improvement in the outcome of HCC in community residents over time, the overall
prognosis remains poor.
© 2012 Mayo Foundation for Medical Education and Research � Mayo Clin Proc. 2012;87(1):9-16
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Olmsted Medical Center,
Rochester, MN (B.P.Y.).
H epatocellular carcinoma (HCC) remains the
third leading cause of cancer-related death in
the world, with 748,000 estimated deaths in

2008.1 The incidence of HCC in the United States is
estimated to have nearly tripled during the past 3 de-
cades, from 1.6 to 4.6 cases per 100,000 person-
years.2 The increasing incidence of HCC is also re-
flected in the increasing rates of mortality and hospital
use for HCC in the United States.3 Although the in-
creasing burden of HCC is well established, detailed
population-based data on HCC in the United States are
sparse.

Worldwide, hepatitis B virus (HBV) and hepati-
tis C virus (HCV) are the 2 most common causes of
HCC, accounting for 78% of cases.4 In developing
countries, HBV is the most common cause of HCC,
whereas HCV is more common in developed coun-
tries.5 In the United States, the number of individ-
uals at risk for HCC from viral hepatitis is believed
to have increased as a result of lengthening dura-
tion of infection of HCV-infected Americans and
increasing number of immigrants with chronic
HBV infection.6 More recently, the increasing
prevalence of obesity has raised concerns that
nonalcoholic fatty liver disease (NAFLD), includ-
ing nonalcoholic steatohepatitis, has also become

an important risk factor for HCC.7 However, the
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extent to which NAFLD has contributed to the
epidemic of HCC is uncertain.8

Besides the increasing trends in HCC incidence,
ittle is known about the long-term outcomes of
CC in the United States. In the past 2 decades,

ubstantial improvement has been made in the di-
gnosis and management of HCC. A number of in-
erventions, such as liver transplant, have been
hown to improve survival if applied in early stages
f HCC.9 Furthermore, modalities such as transar-

terial chemoembolization and molecular-targeted
treatment have been shown to prolong survival in
patients with intermediate- and advanced-stage
HCC.10,11 It is unclear, however, whether these new
modalities have had any effect on HCC outcomes at
the population level. To address these questions, we
conducted a study to describe trends in the inci-
dence rates, risk factors, treatment, and survival in
HCC patients residing in Olmsted County, Minnesota.

PATIENTS AND METHODS
All patients older than 20 years with newly diag-
nosed HCC who resided in Olmsted County, Min-
nesota, from January 1, 1976, through December
31, 2008, were identified using the Rochester Epi-

demiology Project database.12 The database uses the
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Hospital International Classification of Disease Ad-
aptation system. The codes used to identify all po-
tential HCC patients included (1) hepatocellular
carcinoma, primary (01550150); (2) neoplasm, ma-
lignant, liver primary (01550110); (3) hepatoma,
not otherwise specified (malignant) (01550140);
(4) carcinoma, hepatocellular, code also neoplasm,
malignant by site–liver (01550141); and (5) carci-
noma, liver cell (01550151). Only those individuals
who lived within Olmsted County for at least 1 year
before their HCC diagnosis were included to pre-
vent inclusion of patients who might have moved to
Olmsted County for the care of HCC.

To verify the HCC diagnosis, all available pa-
thology slides were reviewed by a single pathologist
(S.O.S.). In patients in whom HCC was diagnosed
without a biopsy, a single radiologist (B.K.) re-
viewed the radiographic images to verify the diag-
nosis according to the guidelines from the American
Association for the Study of Liver Disease.13 In ad-
dition, a small number of patients who had le-
sions with the characteristic angiographic pattern
and received transarterial chemoembolization (2/
104 [1.9%]) and comfort care (2/104 [1.9%])
were included in this study after independent re-
view of medical records from experienced hepatolo-
gists (L.R.R., W.R.K.). This study was approved by
the institutional review boards of Mayo Clinic and
Olmsted Medical Center.

Data Collection
Relevant clinical information was abstracted from
medical records. These data included the etiology of
underlying liver disease, comorbidities, laboratory
results, characteristics and extent of the tumor,
treatment, survival, follow-up status, and, if appli-
cable, cause of death.

Infection with HBV was defined by positive
hepatitis surface antigen and HCV infection by de-
tectable HCV RNA or anti-HCV. Alcohol use was
considered a cause of HCC when the patient had a
documented history of alcoholic liver disease, alco-
hol abuse, or dependence.14,15 Nonalcoholic fatty
liver disease was considered a cause of HCC when
the patient had a documented history of NAFLD or
had radiographic or histologic evidence of fatty in-
filtration in the absence of significant alcohol history
at HCC diagnosis or at any time before HCC diag-
nosis.8 Cirrhosis was defined by histologic analysis,
evidence of portal hypertension, morphologic char-
acteristics consistent with cirrhosis in cross-sec-
tional images, and/or thrombocytopenia (platelet
count, �150 � 109L [to convert to �103/�L, mul-
tiply by 1).16 Tumor characteristics were recorded
on the basis of cross-sectional images obtained at the

time of HCC diagnosis.

Mayo Clin Proc. �
Vital status of study participants was assessed as
f December 31, 2009. The cause of death was di-
ided into 3 categories. Progressive HCC was desig-
ated in patients in whom increasing tumor burden
ith or without liver dysfunction was directly

inked to death. Liver failure with controlled HCC
epresents circumstances in which HCC was under
ontrol by curative or locoregional treatment but the
atient died of progressive liver dysfunction. Non–

iver-related death was designated if the tumor and
iver function were stable but the patient died of
ther causes.

tatistical Analyses
he R (http://www.r-project.org/) and SAS (SAS In-
titute Inc, Cary, NC) statistical software packages
ere used for statistical analyses. We divided the
hole cohort into 3 groups based on the time of
CC diagnosis. The first group includes patients
ith HCC whose diagnoses were made in 1990 or

arlier when HCV testing was not available. We di-
ided the rest of the cohort into 2 groups (diagnosis
ade before or after 2000) for the statistical test for

rends. The linear regression analysis (variable ranks
s the outcome and era as the predictor) was used to
ssess the trend of continuous variables, and the
ochran-Armitage trend test was used for compari-

on of proportions.
In calculating incidence rates in the community,

he entire population of Olmsted County (age �20
years) was considered to be at risk. Age-specific per-
son-years were estimated from these decennial cen-
sus data with linear interpolation between census
years. With the assumption that incident cases fol-
low a Poisson distribution, 95% confidence inter-
vals (CIs) for incidence rate and age-specific inci-
dence rate ratios were calculated. Standardized
incidence rates were calculated by adjusting the in-
cidence rates to the population structure of the
United States in 2000. Sensitivity analyses were per-
formed to examine the effect of using different def-
initions of HCC on estimates of HCC incidence.

Patient survival was assessed from the time of
HCC diagnosis to the last known follow-up or
death. For patients who have not died or were lost
to follow-up, the observation was censored on the
day of last follow-up or the date of study closure.
Survival probabilities were estimated using the
Kaplan-Meier method and compared by the log
rank test.

RESULTS

Patient Characteristics
Initially, 239 patients with a diagnosis of HCC
were identified in the Rochester Epidemiology

Project database. On review of the records, 34 patients
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(14.2%) were excluded because the 1-year residency
requirement was not met, whereas 101 patients
(42.3%) did not satisfy the HCC diagnosis criteria,
including liver metastasis from other primary can-
cers or unknown primary (51/101 [50.5%]), chol-
angiocarcinoma (15/101 [14.8%]), gallbladder can-
cer (4/101 [4.0%]), and other benign diagnoses (31/
101 [30.7%]). Thus, the final study participants
included in this analysis were 104 Olmsted County
residents with verified diagnoses of HCC. Table 1
summarizes the characteristics of patients in this
study at the time of diagnosis. The mean age of our
patients was 65.5 years, and two-thirds were male.
Although the predominant race was white, the
proportion of white patients decreased over time
(P�.04). The proportion of patients who had cir-
rhosis at the time of HCC diagnosis increased over
time. There was a reciprocal decrease in the pro-
portion of patients in whom histologic analysis
was used for diagnosis. Mean body mass index
increased over time (P�.02), and there was a
trend toward increasing prevalence of hyperten-
sion (P�.14).

Incidence Rates of HCC
In the first era (1976-1990), the age-adjusted inci-
dence rate of HCC was 3.5 (95% CI, 2.2-4.8) per
100,000 person-years overall, 5.6 (95% CI, 3.0-8.3)
per 100,000 person-years for men, and 2.0 (95% CI,
0.8-3.3) per 100,000 person-years for women. In
the second era (1991-2000), the age-adjusted inci-
dence rates of HCC were similar to the first era, with
3.8 (95% CI, 2.4-5.2), 6.0 (95% CI, 3.3-8.7), and

TABLE 1. Characteristics of Olmsted County Resident

Characteristic
1976-1990

(n�29)

Age, mean � SD (y) 63.4�19.4

Male 19 (65.5)

Race

White 27 (93.1)

African American 1 (3.4)

Asian 1 (3.4)

Immigrant 3 (10.3)

Liver cirrhosis 15 (51.7)

Histologic diagnosis of HCC 28 (96.6)

BMI, mean � SD 25.7�4.3

Diabetes mellitus 8 (27.6)

Hypertension 10 (34.5)

a Data are presented as No. (percentage) of patients unless indi
b Tested as white vs other races.
1.9 (95% CI, 0.6-3.3) per 100,000 person-years for

Mayo Clin Proc. � January 2012;87(1):9-16 � doi:10.1016/j.mayocp.
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overall, men, and women, respectively. In the third
era (2001-2008), the age-adjusted incidence rates
doubled to 6.9 (95% CI, 4.9-8.8) per 100,000
person-years overall, 10.9 (95% CI, 7.1-14.8) per
100,000 person-years for men, and 3.8 (95% CI,
1.9-5.8) per 100,000 person-years for women.

Table 2 gives the age-specific incidence rates of
HCC in Olmsted County, which are formally com-
pared by means of incidence rate ratios. For age
groups between 20 and 49 years and between 60
and 69 years, the incidence of HCC was stable
over time. The increase in HCC was most pro-
nounced in the 50- to 59-year group, in which the
incidence increased 3.3-fold in the third era com-
pared with previous eras. A similar increase was
seen in the oldest age group, in which the inci-
dence of HCC increased 3.0-fold in the most re-
cent era.

We performed sensitivity analyses using differ-
ent definitions of HCC. First, when the analysis was
restricted to histologically proven HCCs, the age-
and sex-adjusted incidence rates were 3.4 (95% CI,
2.1-4.7), 2.8 (95% CI, 1.6-4.0), and 4.0 (95% CI,
2.5-5.5) per 100,000 person-years in the first,
second, and third eras, respectively (P�.28). Sec-
ond, when the 4 patients who did not strictly meet
the American Association for the Study of Liver
Disease criteria were excluded, incidence rates
and the trend remained virtually unchanged: the
incidence was 3.5 (95% CI, 2.2-4.8) per 100,000
person-years in the first era, 3.5 (95% CI, 2.2-4.9)
per 100,000 person-years in the second, and
6.6 (95% CI, 4.7-8.5) per 100,000 person-years

gnosed as Having HCC, 1976-2008a

1991-2000
(n�28)

2001-2008
(n�47)

Overall
(N�104)

61.1�16.9 69.4�12.3 65.5�16.1

20 (71.4) 32 (68.1) 71 (68.3)

23 (82.1) 35 (74.5) 85 (81.7)

0 10 (21.3) 11 (10.6)

5 (17.9) 2 (4.3) 8 (7.7)

6 (21.4) 9 (19.2) 18 (17.3)

17 (60.7) 37 (78.7) 69 (66.4)

21 (75.0) 27 (57.4) 76 (73.1)

29.6�10.6 29.2�6.5 28.3�7.5

8 (28.6) 17 (36.2) 33 (31.7)

11 (39.3) 24 (51.1) 45 (43.3)

otherwise. BMI � body mass index; HCC � hepatocellular carcin
s Dia

P value for trend

.18

.86

.04b

.37

.01

�.01

.02

.41

.14

cated oma.
in the latest (P�.001).
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Etiology of HCC
Figure 1 shows the temporal changes in the under-
lying etiology of HCC. In the first era (1976-1990),
alcohol use was the most common cause of HCC. As
expected, no HCV diagnoses were made during this
era. However, in the second era (1991-2000), the
proportion of HCCs attributable to HCV in-
creased rapidly to 25.0% (7/28) (including 7.1%
[2/28] who had both HCV and alcohol use as a
cause of HCC). By the third era (2001-2008), 21
(44.7%) of 47 HCC patients had evidence of
chronic HCV infection.

Given the noticeable increase in the propor-
tion of patients with HCV, we further investigated
the effect of HCV in different age groups (Supple-
mental Table 1, available online at http://www.
mayoclinicproceedings.org). The increase in the
proportion of HCV affected the 50- to 59-year-old
group the most; 7 (87.5%) of 8 had HCV in the

and Incidence Rate Ratios of HCCa

1976-1990) Era 2 (1991-2000)

Incidence rate
ratio (95% CI)

Incidence rate
(95% CI)

Incidence rateb

ratio (95% CI)

1 (Reference) 1.3 (0.5-2.7) 1.2 (0.4-3.5)

1 (Reference) 2.7 (0.6-7.8) 1.6 (0.3-9.7)

1 (Reference) 13.5 (6.5-24.8) 1.3 (0.5-3.3)

1 (Reference) 9.2 (4.0-18.0) 0.8 (0.3-2.0)

� hepatocellular carcinoma.
to all prior years.

Others, 38%
Oth

HBV, 10%
HB

NAFLD, 7%

Alcohol alone, 45%

Alcohol

HCV a

Alcohol a

1976-1990 199

FIGURE 1. Trends in the risk factors for hepatoce
residents, 1976-2008. HBV � hepatitis B virus; HC
liver disease.
Mayo Clin Proc. �
most recent period. In addition, coexisting alco-
holic liver disease was common in HCV patients
who developed HCC at age younger than 60
years: 6 (75.0%) of 8 HCV patients younger than
60 years had coexisting alcoholic liver disease,
whereas only 1 (6.3%) of 16 patients aged 60
years or older did (P�.01).

In the first 2 eras, 11 (37.9%) of 29 and 13
(46.4%) of 28 patients were classified as having
HCC of an “other” etiology, most of whom (23/24
[95.8%]) did not have an identifiable cause of un-
derlying liver disease. The proportion of this cate-
gory decreased to 21.3% (10/47) in the third era.
Overall, only 8 (26.7%) of 30 patients with HCC of
an unknown etiology had evidence of cirrhosis. Al-
though the proportion of patients with NAFLD in-
creased recently, NAFLD accounted for only 5
(10.6%) of 47 cases of all HCC in the most recent
era. Because patients with NAFLD may present as

Era 3 (2001-2008)

value
Incidence rate

(95% CI)
Incidence rateb

ratio (95% CI) P value

.70 0.8 (0.2-2.1) 0.7 (0.2-2.1) .53

.60 7.1 (3.1-14.0) 3.3 (1.1-10.2) .04

.54 12.9 (5.9-24.4) 1.1 (0.5-2.4) .82

.64 30.9 (20.2-45.2) 3.0 (1.7-5.4) �.01

6%

Others, 21%

HBV, 4%

NAFLD, 11%

e, 25%

Alcohol alone, 19%

, 18%
HCV alone, 28%

CV, 7%

Alcohol and HCV, 17%

00 2001-2008

carcinoma among Olmsted County, Minnesota,
hepatitis C virus; NAFLD � nonalcoholic fatty
TABLE 2. Incidence Rates

Age
group (y)

Era 1 (

Incidence rate
(95% CI) P

20-49 1.1 (0.4-2.2)

50-59 1.7 (0.2-6.0)

60-69 10.2 (4.7-19.4)

�70 11.4 (5.7-20.3)

a CI � confidence interval; HCC
b

ers, 4

V, 4%

 alon

lone

nd H
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llular
V �
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having cryptogenic cirrhosis, we compared patients
with NAFLD (n�5) and those with HCC of un-
known etiology (n�7). In the latter group, only 2
patients (28.6%) had evidence of cirrhosis, whereas
4 patients with NAFLD (80.0%) had cirrhosis. With
regard to risk factors for NAFLD, the proportions
with hypertension (80.0% [4/5] vs 57.1% [4/7]) and
diabetes mellitus (60.0% [3/5] vs 42.9% [3/7]) and
mean body mass index (35 vs 27) were higher in
patients with NAFLD than in those with HCC of an
unknown etiology.

Clinical Management and Outcome of HCC
Therewasatrendfor thediagnosis tobemadeatanearlier
stage (eg, fewer lesions and smaller size) and in patients
with better liver function in the more recent era (Table 3).
Subsequently, 14 (29.8%) of 47 patients received poten-
tially curative surgical treatment, including resection and
liver transplant in the most recent era.

Figure 2 shows the survival probability after the
HCC diagnosis for the 3 eras. The median survival was
3, 6, and 9 months in the first, second, and third eras,

TABLE 3. Liver Dysfunction, Tumor Characteristics, a

Variable
Era 1 (197

(n�2

Laboratory datab

INRc 1.3 (1.3

Albumin (g/dL) 3.2 (2.7

Bilirubin (mg/dL) 1.6 (0.8

Creatinine (mg/dL) 1.0 (0.9

MELD 11.0 (8.0

AFP (ng/mL) 123 (6-1

Tumor characteristics

No. (range) of tumors 2 (1-5

Size (range) of the largest tumor, cm 5.0 (3.8

Metastasis (%) 25

Primary treatment, No. (%)d

Resection 4 (13

Liver transplant 0

Local ablation 1 (3.4

TACE or TARE 0

Systemic treatment 7 (24

Comfort care 17 (58

a Continuous variables are presented as median (interquartile ra
disease; TACE � transarterial chemoembolization; TARE � tra
b To convert albumin to g/L, multiply by 10; to convert bilirubin to
to �g/L, multiply by 1.
c Thirteen of 29 patients in era 1 had missing INR data because
d For patients who had multiple treatments, treatments were co
treatment, and comfort care.
e
 Tested as curative (resection, orthotopic liver transplant) vs noncura

Mayo Clin Proc. � January 2012;87(1):9-16 � doi:10.1016/j.mayocp.
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respectively. One-year survival rates were 28%, 43%,
and 44%, and 5-year survival rates were 3%, 18%, and
15% in the 3 eras, respectively. Although the overall
survival improved significantly over time (P�.01),
prognosis was still poor.

Of 104 patients, 90 (86.5%) had died as of De-
cember 31, 2009. With regard to the cause of death,
most patients died of progressive HCC: 24 (85.7%)
of 28 in the first era, 18 (72.0%) of 25 in the second
era, and 21 (56.8%) of 37 in the third era. Con-
versely, the proportion of patients who died of liver
failure while their HCC was under control increased
from 3.6% (1/28) to 12.0% (3/25) to 18.9% (7/37)
in the first, second, and third eras, respectively. In
addition, in the most recent era, 9 (24.3%) of 37 HCC
patients died of causes not related to HCC or liver dis-
ease (Supplemental Table 2, available online at http://
www.mayoclinicproceedings.org).

DISCUSSION
Several studies to date have shown that the inci-
dence of HCC has increased in the United

rimary Treatment for HCC in Olmsted County, Minnesota

90) Era 2 (1991-2000)
(n�28)

Era 3 (2001-2008)
(n�47) (

1.2 (1.1-1.3) 1.1 (1.0-1.2) 1.

3.3 (3.0-3.9) 3.6 (3.1-3.8) 3.

1.3 (0.7-2.3) 1.1 (0.6-1.8) 1.

1.0 (0.9-1.2) 1.1 (0.9-1.4) 1.

) 11.0 (9.0-14.5) 10.0 (8.0-13.0) 11.

0) 25 (6-1900) 33 (6-367) 3

1.5 (1-5) 1 (1-3)

) 4.7 (3.0-7.0) 3.9 (2.3-8.0) 4.

14 15

6 (21.4) 6 (12.8) 1

2 (7.1) 8 (17.0) 1

0 8 (17.0)

1 (3.6) 10 (21.3) 1

3 (10.7) 2 (4.3) 1

15 (53.6) 13 (27.7) 4

AFP � �-fetoprotein; INR � international normalized ratio; MEL
rial radioembolization.
l/L, multiply by 17.1; to convert creatinine values to �mol/L, multipl

was not available before 1985. Three patients in era 2 also had m
d once in the following order: liver transplant, resection, local abla
nd P , Residents, 1976-2008a

6-19
9)

Total
N�104)

P value for
trend

-1.4) 1 (1.1-1.3) �.01

-3.4) 3 (3.0-3.8) .06

-4.7) 3 (0.7-2.2) .03

-1.1) 0 (0.9-1.3) .06

-16.0 0 (8.0-14.0) .47

3,83 4 (6-658) .37

) 1 (1-5) .07

-10.8 3 (2.7-7.8) .15

18 .26

.14e

.8) 6 (15.4)

0 (9.6)

) 9 (8.6)

1 (10.6)

.1) 2 (11.5)

.6) 5 (43.3)

nge). D � model for end-stage liver
nsarte

�mo y by 88.4; to convert AFP values

INR issing INR data.
unte tion, TACE or TARE, systemic
tive (all others). P for trend � .007 if local ablation is categorized as curative.
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States.2,17,18 In a recent study based on the Surveil-
lance, Epidemiology and End Results (SEER) data
set, the incidence rate of HCC was estimated to have
increased from 1.6 per 100,000 person-years in
1975 to 5.1 per 100,000 person-years in 2005.2

This increasing trend was replicated in our study, in
which the HCC incidence increased 2-fold from 3.5
per 100,000 person-years before 2000 to 6.9 per
100,000 person-years between 2001 and 2008.
These results from this midwestern, semirural com-
munity illustrate that the epidemiologic trends that
underlie the increase in HCC incidence are perva-
sively affecting the United States. They also lend
support for the generalizability and validity of our
data in relation to the United States in general.

The incidence rate of HCC in Olmsted County
documented in this study (6.9 per 100,000 person-
years) for 2001-2008 is higher than that in the latest
nationwide report based on the National Program of
Cancer Registries and SEER data (3.0 per 100,000
person-years for the United States as a whole and 2.4
per 100,000 person-years in Minnesota) between
2001 and 2006.19 A large part of this difference
stems from the fact that the study by O’Connor et
al19 included only histologically diagnosed HCCs,
whereas our study followed the current guidelines,
which allow radiographic data to be used to make
the diagnosis.13 When only HCCs determined by
histologic diagnosis were included in the analysis,

20 30 40 50 60
Months

2001-2008
1991-2000
1976-1990

11 6 3 3 2 1

13 11 8 8 8 6

21 18 15 11 8 5

e survival of Olmsted County, Minnesota, resi-
r carcinoma, 1976-2008 (P�.01).
the incidence in Olmsted County at 4.0 (95% CI, t

Mayo Clin Proc. �
.5-5.5) per 100,000 person-years was much closer
o yet still higher than the National Program of Can-
er Registries and SEER report. These findings high-
ight the important point that, unlike those for most
ther malignant neoplasms, epidemiologic data for
CC that are only based on histologically diagnosed

ases underestimate the true burden of the disease.
he extent of this underestimation is uncertain. In a
ecent European, population-based study for 1996-
005, only 41% of the HCCs were histologically
onfirmed,20 whereas in our data, the frequency of

histologic diagnosis was 56.8% in the most recent
era and decreasing over time. Thus, our data suggest
that the true incidence and burden of HCC in the
United States may be even larger than previously
thought.

Although the increase in the incidence of HCC
has been widely recognized, few conclusive data are
available to explain what underlies this important
epidemiologic trend. Our data clearly show that in
this community, the main driver for the recent in-
crease in the HCC incidence was HCV. A number of
previous analyses have suggested that HCV has
played an important role in the HCC trend. How-
ever, our results supplement this finding because
those data were based on population subgroups, in-
cluding Medicare recipients (biased toward an older
population),21 veterans (biased toward a population

ith a higher risk of HCV),22,23 and tertiary care
ospital patients (biased toward a population with
etter access to health care).22,23 Furthermore, our

age-stratified analysis of HCV etiology showed
that HCV accounts for most HCC cases that occur
in patients younger than 60 years, especially in
those with concomitant alcoholic liver disease.
Currently, NAFLD is considered a major risk fac-
tor for HCC in developed countries, including the
United States.7,8,24 However, population-based
studies are still scarce regarding the contribution of
NAFLD to HCC trends. In our data, obtained from a
region where the prevalence of obesity is high, the
proportion of NAFLD-associated HCC was only
10.6% in the most recent era. This proportion
(10.6%) is similar to recent data from a US referral
center (460 patients diagnosed as having HCC in
2007-2009), where 13% of HCC cases were attrib-
uted to NAFLD.25

It is encouraging to see that an increasing pro-
ortion of patients had their HCC diagnosed at an
arly stage, allowing application of potentially cu-
ative treatment modalities. As a result, improve-
ent in survival was demonstrable. Although

ome of this increase in survival is attributable to
ead-time bias, we believe that there was true im-
rovement in survival because in the more recent
ra more patients underwent liver resection or
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related causes. Despite the encouraging trends
in mortality, however, the overall survival of
HCC patients is still poor and must improve
further.2,26,27

Our study has several limitations. First, the data
from Olmsted County may not be completely gen-
eralizable to the entire United States in terms of ra-
cial/ethnic distribution, disease patterns, and access
to care. For example, in this semirural community in
which the white race is overrepresented, the preva-
lence of HCV is lower than in the rest of the United
States.28 Thus, compared with the United States as a
whole, the HCC incidence, as well as the complica-
tions of HCV infection, would be expected to be
lower in Olmsted County. However, as previously
stated, our incidence estimate for HCC was higher
than that from the national data, again suggesting
that the nationwide burden of HCC in the United
States has been underestimated. Second, our study
is based on a relatively small number of cases, which
is a function of the size of the local population. How-
ever, we cannot overemphasize the unique strength
of the Rochester Epidemiology Project database,
which allows complete identification of all HCC pa-
tients and the denominator population, both of
which are needed for valid calculation of the inci-
dence. Third, because the data were collected retro-
spectively, some of the exposure history could not
be completely ascertained. For example, quantita-
tive assessment of alcohol drinking would have
strengthened our assessment of patients with alco-
holic liver disease. Commonly, however, physicians
made the diagnosis of alcoholic liver disease without
a detailed documentation of lifetime alcohol use pat-
tern. Finally, one might argue that our local patients
had better access to state-of-the-art care for HCC,
given the proximity to Mayo Clinic. That may have
been the case for a few patients whose HCC was
diagnosed early enough to be candidates for poten-
tially curative treatment. Ultimately, however, our
survival figures are comparable to other population-
based data.2

CONCLUSION
In this community-based study, the incidence of
HCC in Olmsted County increased significantly
over time, mirroring the national statistics. Even in
this midwestern community, HCV infection was the
most important driver of the increase in HCC inci-
dence, although alcohol use remained an important
cause. An encouraging trend was seen over time,
namely, detection of HCC at earlier stages and im-
provement in survival; however, the overall out-

come remains poor.
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