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Abstract
Approaches to the diagnosis and management of hepatocellular carcinoma (HCC) are improving
survival. In the Surveillance, Epidemiology and End Results-13 registries, HCC stage, histological
confirmation and first course surgery were examined. Among 21,390 HCC cases diagnosed during
examined during 1998-2008 there were 4,727 (22%) with reported first course invasive liver
surgery, local tumor destruction, or both. The proportion with reported liver surgery or ablation
was 39% among localized stage cases and only 4% among distant/unstaged cases. While 70% of
cases had histologically confirmed diagnoses, the proportion with confirmed diagnoses was higher
among cases with reported invasive surgery (99%) compared to cases receiving ablation (81%) or
no reported therapy (65%). Incidence rates of histologically unconfirmed HCC increased faster
than those of confirmed HCC from 1992 to 2008 (8% versus 3% per year). Two encouraging
findings were that incidence rates of localized stage HCC increased faster than rates of regional
and distant stage HCC combined (8% versus 4% per year) and that incidence rates of reported first
course surgery or tumor destruction increased faster than incidence rates of HCC without such
therapy (11% versus 7%). Between 1975-1977 and 1998-2007, 5-year cause-specific HCC
survival increased from just 3% to 18%. Survival was 84% among transplant recipients, 53%
among cases receiving radiofrequency ablation at early stage, 47% among cases undergoing
resection, and 35% among cases receiving local tumor destruction. Asian or Pacific Islander cases
had significantly better 5-year survival (23%) than white (18%), Hispanic (15%), or black cases
(12%).

Conclusion—HCC survival is improving as more cases are diagnosed and treated at early
stages. Additional progress may be possible with continued use of clinical surveillance to follow
individuals at risk for HCC, enabling early intervention.

Hepatocellular carcinoma (HCC) incidence rates have been increasing in the United States
among most racial and ethnic groups.1 The prognosis for HCC has improved in recent years,
as higher proportions of cases are diagnosed at early stages,2 enabling them to benefit from
interventions including potentially curative transplantation, resection or early stage
radiofrequency ablation (RFA).3 Despite progress, the overall one-year cause-specific
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survival rate in Surveillance Epidemiology and End Results (SEER) registries was less than
50% among cases diagnosed in 2003-2005.2

A study of HCC treatment trends in SEER registries during 1998-2005 documented the
increased use of local tumor destruction, or ablation, over time.4 One mode of ablation,
readiofrequency ablation (RFA) is potentially curative and the treatment of choice for cases
with early stage HCC tumors, less than 3 cm in size.5 Nonetheless, the clinicians that
documented the increased use of ablation in SEER registries4 expressed concern that in
some instances, ease of access to ablative therapy could limit referral of HCC cases to
medical facilities that offer a range of therapeutic options including resection and
transplantation.4 For this reason the authors4 recommended that HCC cases receive
multidisciplinary assessment to enable delivery of services consistent with current clinical
guidelines.5

Since 2000, in SEER registries, compared to liver cancer cases with other specified
histologies, a lower proportion of HCC cases are histologically confirmed. This may reflect
changing clinical practice guidelines in which biopsy is not indicated when imaging tests
show typical features of HCC.5 Other factors that may contribute to the declining proportion
of histologically confirmed HCC cases include patient co-morbidities or lack of
cooperation,7,8 and the use of non-invasive therapies such as local tumor destruction.9 The
present report describes simultaneous changes in HCC histologic confirmation, stage,
treatment, and survival in the SEER-13 registries from 1992-2008.

Materials and Methods
HCCs were examined by site and histological confirmation status in the SEER-13 registries
from 1992 through 2008 (SEER*Stat 7.0.4, IMS, Silver Spring, MD). The SEER-13
registries (Connecticut, Detroit, Hawaii, Iowa, New Mexico, San Francisco Bay Area, Utah,
Seattle-Puget Sound, Atlanta, San Jose-Monterey, Los Angeles, Alaskan Native and Rural
Georgia) provided coverage of 14% of the United States population. The SEER-13
catchment was selected for analysis over SEER-17 because it enabled analysis of trends over
nearly twice as many years. Furthermore, data on first course primary site surgery was
available in SEER-13 registries from 1998 with follow-up of vital status to 2008. Registries
collected case data with a priori approval by appropriate Institutional Review Boards.

The definition of HCC was based on International Classification of Diseases for
Oncology10-12 (ICD-O) topography codes=C22.0 and C22.1, liver and intrahepatic bile duct
cancers, respectively and prior to 2001, histology code 8170 (HCC, not otherwise specified).
With implementation of ICD-O-3 in 2001, morphology codes for HCC were expanded to
include these histologies: 8171, 8172, 8173, 8174, and 8175 (fibrolamellar, scirrhous,
spindle cell variant, clear cell type, and pleomorphic type HCC; respectively). Tumor
histology was abstracted by cancer registrars. The first preference was to obtain this
information from pathology reports, followed by other sources.

Stage, Confirmation, and First Course Therapy
Stage, histological confirmation, and first course primary site surgery data were all available
for the period, 1998-2008. Incidence trends by stage and histological confirmation were
examined for the years from 1992 through 2008. Linear regression models were used to fit
trend data (Joinpoint software, version 3.3.1; IMS, Silver Spring, MD).13 Annual percent
change in regression line slopes were considered statistically significant when the trend
differed from zero (P-value less than 0.05). Incidence trends were examined by histological
confirmation, stage, and reported first course surgical and ablative therapy.
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HCC Survival
Five-year cause-specific survival was estimated during the most recent decade of
surveillance with follow-up of vital status, 1998-2007. Cause-specific survival was selected
because life-tables were unavailable for most racial and ethnic groups included in this
analysis and because life tables may not reflect mortality differentials between HCC cases
and the population related to screening, socioeconomic status, or health behavior.14 Cause of
death was defined as cancer, with other causes of death censored at time of death.

Survival analyses were restricted to 16,020 of 18,894 reported HCC cases (85%) diagnosed
in SEER-13 registries during the most recent decade of surveillance 1998-2007. Cases were
excluded from survival analysis because HCC was a second or later primary cancer
diagnosis (n=2409, 13%), case information was limited to death certificate or autopsy
reports (n=418, 2%), or because the case was alive without information on survival time (n=
47, <0.5%). For historical context, 5-year cause-specific survival of HCC cases diagnosed in
SEER-9 registries was calculated for the period, 1975-1977.

Overall, race- and ethnicity-specific survival and 95% confidence intervals (CIs) were
estimated by first course therapies, in descending order of survival: liver transplantation,
RFA of tumors less than 3 cm in size (potentially curative5), resection, local tumor
destruction, all cases, and cases with no reported surgery. Stage distributions were presented
by group based on “Reason no surgery performed,” “SEER historic stage A” and “First
course primary site surgery.” Among 1,249 cases with local tumor destruction, 75 (6%)
underwent resection. Their 38% 5-year survival was similar to all cases with local tumor
destruction (35%). The groups were combined for analysis.

Results
Stage, Confirmation and Treatment

Of 21,390 HCCs diagnosed during 1998-2008 4,727 (22%) reported liver surgery or local
tumor destruction (Table 1). The interventions were reported more often among localized
(39%) than regional (16%) or distant/unstaged cases (4%). Furthermore, 14,900 HCC cases
(70%) had histologically confirmed diagnoses varying with reported invasive surgery (99%),
local tumor destruction (81%), and no intervention (65%).

Incidence Trends
From 1992 to 2008, the incidence rate of histologically unconfirmed HCC increased 2.5
times more rapidly than the incidence rate of confirmed HCC (Fig. 1). The annual percent
change (APC) in incidence rates for these two groups were 7.9 and 3.2, respectively (both
statistically significant, P<0.05).

Stage Trends
Between 1992 and 2008, incidence rates of localized stage HCC increased nearly twice as
rapidly as rates of regional and distant stage HCC combined (Fig. 2), and surpassed regional
and distant stage incidence rates during 2006-2008. The annual percent change (APC) in
incidence rates for the two groups were 8.1 and 4.2, respectively (both statistically
significant, P<0.05, as were APCs for regional and distant stage alone, data not shown). The
APC for unstaged HCC was −2.6 (P<0.05).
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Treatment Trends
Incidence rates of reported invasive liver surgery or ablation (Fig. 3) increased significantly
from 1992 to 2008 (APC=10.7, P<0.05). Incidence rates of HCC receiving no surgical
intervention also increased significantly from 1992 to 2008 (APC=7.2, P<0.05).

Stage and Treatment
During 1998-2008, most HCC cases with reported first course surgery or ablation had
localized stage HCC (Fig. 4), including cases receiving transplantation (77%), resection
(75%), and local tumor destruction (70%). Overall, 41% of cases had localized stage HCC.
One third of cases with no reported surgery or local tumor destruction had localized stage
HCC.

Survival and Treatment
Among HCC cases diagnosed during 1998-2007 and followed for vital status through 2008,
transplant recipients experienced 84% 5-year survival (Fig. 5). Cases with tumors less than 3
cm in size that received RFA had 5-year survival of 53%, while cases undergoing liver
resection had 5-year survival of 47%. Among cases with reported local tumor destruction, 5-
year survival was 35%. Compared to the 3% 5-year cause-specific survival in SEER-9
during 1975-1977 (data not shown), overall HCC survival during 1998-2007 was 18%,
whereas survival was 7% among cases without reported invasive surgery or local tumor
destruction.

Race, Treatment and Survival
5-year survival exceeded 75% among transplant recipients in all non-Hispanic racial and
Hispanic ethnic groups with informative data (Fig. 5). Results were suppressed when there
were fewer than 16 cases. Among cases with reported liver resection, Asians or Pacific
Islanders experienced significantly better 5-year survival (52%) than Hispanics (35%) and
blacks (33%). American Indian/Alaska Native cases had 63% survival following resection
with wide CIs. 5-year survival following local tumor destruction was significantly higher
among Asians or Pacific Islanders (43%) than black (21%) cases. Overall 5-year cause-
specific survival among Asians or Pacific Islanders (23%) was significantly better than
among white (18%), Hispanic (15%), or black cases (12%). White cases (18%) and
American Indian/Alaska Native cases (20%) had significantly better survival than black
cases (12%). Among cases with no reported surgery or ablation, Asian or Pacific Islander
cases had better 5-year cause-specific survival (11%) than white (6%), Hispanic (7%) or
black (5%) cases.

Discussion
This study indicates continuing improvement in stage distribution, treatment and survival for
HCC cases in the SEER-13 registries. In the late 1970s, 5-year cause-specific HCC survival
was 3%. Three decades later, HCC is increasingly detected at early stages when it is
potentially curable.5 These improvements may be in part attributable to clinical surveillance
of individuals with known risk factors for HCC.15 Despite the encouraging findings, overall
5-year survival remains less than 20%, and a majority of cases received neither surgical nor
ablative therapy. Taken together the findings suggest that further improvements in HCC
prognosis may be possible.

Potential may exist to improve survival through multi-disciplinary assessment in context of
current clinical management guidelines.5 The best 5-year survival in this report was seen
among cases that received liver transplantation (84%). Furthermore, RFA was potentially
curative among cases with early stage HCC,16 associated with a 53% 5-year survival,
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similar to that of cases with reported resection (47%).4 Goals to improve overall cancer
survival17 may be advanced by following patients at-risk for HCC to enable early-stage
diagnosis and use of potentially curative therapy.15

In the present report, Asian or Pacific Islander HCC cases had better 5-year survival than
white, Hispanic and black cases. Other reports also describe differences in overall HCC
survival18-19 and treatment-specific survival between racial groups.20 In one study of
localized stage cases that received invasive therapy, compared to whites,21 blacks had a 12%
higher mortality rate while Asians or Pacific Islanders had a 16% lower mortality rates. The
survival advantage among Asians or Pacific Islanders undergoing resection compared to
Hispanics and whites could be explained by differences in risk factors or HCC prevention
awareness between these racial groups. For example, a common risk-factor for HCC among
Asians or Pacific Islanders is chronic HBV infection.18 While HBV DNA integrates into the
host genome and is thought to be able to induce HCC without cirrhosis, HCV is an RNA
virus that does not integrate into the host genome, with carcinogenesis mainly attributed to
chronic inflammation and fibrosis.22 In a recent study of early stage HCC, compared to
cases with HCV-associated HCC, HBV-associated HCC cases had better outcomes after
resection.22 This finding was attributed to better liver reserve and less hepatic inflammation
among the HBV-associated cases. Furthermore, because some Asian or Pacific Islander
groups are known to be at high risk of HCC due to endemic HBV infection in parts of Asia,
community-based screening programs within affected communities may facilitate detection
of HCC at earlier stages.18 Other risk factors and co-morbidities might also affect survival
across groups.23 Examples include but are not limited to liver failure, alcoholic liver disease,
diabetes, obesity and non-alcoholic fatty liver disease.24 In addition, social factors such as
income, education, employment, and access to health care may contribute to disparities in
survival. For example, a United States study of area-level median household income found
better survival among treated HCC patients from high- versus low-income counties.19

In this study, the proportion of HCC diagnoses that were histologically confirmed decreased
with time. Possible reasons could include changes in etiology or co-morbidities of HCC
cases.24 Histologic confirmation is also likely to be affected by guidelines affirming the use
of non-invasive diagnostic5 and clinical management procedures under specified
circumstances.5,8

This study has strengths including availability of trend data for stage and treatment as well
as HCC survival data with sufficient counts to estimate survival within race and treatment
subgroups. Caution is however recommended when interpreting the findings because of
limited information on the method of diagnosis, as well as patient co-morbidities, HCC
etiology and treatment. While the favorable survival associated with curative therapy in this
report is thought to be meaningful, lead-time bias due to earlier diagnosis should not be
dismissed as a contributory factor.25 Furthermore, the SEER-13 registries include only 14%
of the United States population, with racial and economic attributes that differ in several
meaningful ways from those of the entire nation. For example large Asian or Pacific Islander
populations are found in the Hawaii, Seattle, and California registries of SEER-13 while
Hispanic populations in Florida and Texas are not. The SEER-13 population is more urban
than the United States. Although SEER-13 contains 14% of the nation's population, it
contains 22% of U.S. liver transplant centers.26 Despite these limitations, the findings
suggests that HCC diagnosis and management are changing in the SEER-13 population with
favorable results on stage, treatment, and survival. In summary, the detection of early stage
HCC among at-risk persons may enable the use of potentially curative therapies. This is
likely to contribute to the improving survival described in this report. The small percent of
cases receiving either liver surgery or ablation therapy (22%) suggests that the potential
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exists for further improvement in survival with ongoing implementation of the HCC control
efforts already improving the prognoses of HCC cases.
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Fig. 1.
Incidence trends, all HCC cases, histologically confirmed cases, and unconfirmed cases,
SEER-13, 1992-2008*† * APC: Annual percent change; Asterix: slope differs from zero,
P<0.05 †Database: Incidence in SEER-13 Registries, Research Data, Nov 2010 Submission
(1992-2008)
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Fig. 2.
Incidence trends, all HCC cases, cases diagnosed at localized stage, regional or distant stage,
and unstaged cases, SEER-13, 1992-2008† * APC: Annual percent change; Asterix: slope
differs from zero, P<0.05 †Database: Incidence in SEER-13 Registries, Research Data, Nov
2010 Submission (1992-2008)
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Fig. 3.
Incidence trends, HCC cases by reported first course primary surgery/local tumor
destruction, stage and histologic confirmation status. † * APC: Annual percent change (non-
cumulative). Asterix indicates APC slope differs from zero, P<0.05. †Database: Incidence in
SEER-13 Registries, Research Data, Nov 2010 Submission (1992-2008)
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Fig. 4.
HCC stage distribution and histologic confirmation status by reported first course surgery,
diagnosis years 1998-2007*† * Transplant, resection, and local tumor destruction groups
exclude 31 cases with unspecified surgery and 451 cases with equivocal data regarding
surgery. †Database: Incidence in SEER-13 Registries, Research Data, Nov 2010 Submission
(1998-2008)
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Fig. 5.
HCC five-year cause-specific survival by reported first course surgery including by non-
Hispanic race/ Hispanic ethnicity, diagnosis years 1998-2007.*† *Abbreviations: AI/
AN=American Indian or Alaska Native, API=Asian or Pacific Islander. Note: Transplant,
resection, and local tumor destruction groups exclude 24 cases with unspecified surgery and
121 cases with equivocal data regarding surgery. Data suppressed if fewer than 12 cases
iden fied. †Database: Incidence in SEER-13 Registries, Research Data, Nov 2010
Submission (1998-2008)
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