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Abstract

Liver cancer incidence has increased for several decades in the US. Recently, reports suggested 

that rates of hepatocellular carcinoma (HCC), the dominant form of liver cancer, had declined in 

certain groups. However, the most recent histology-specific liver cancer rates have not been 

reported. Thus, we examined HCC and intrahepatic cholangiocarcinoma (ICC) incidence from 

1992 to 2016 using data from the Surveillance, Epidemiology, and End Results (SEER) Registries. 

Age-standardized incidence rates (ASR) were calculated by histology, sex, race/ethnicity, and age. 

Trends were analyzed using Joinpoint regression to estimate annual percent change (APC). 

Between 2011 and 2016, HCC rates significantly declined (APC=−1.9%), with more prominent 

declines among males, Asian/Pacific Islanders, and individuals <50 years of age. Conversely, ICC 

rates increased from 2002–2016. Declining HCC rates may persist due to improved hepatitis C 

virus (HCV) treatment and/or competing causes of mortality among persons with fatty liver 

disease.

Precis

Between 2011 and 2016, HCC rates significantly declined (APC=−1.9%), driven by declines 

among males, Asian/Pacific Islanders, and individuals <50 years of age. Conversely, ICC rates 

increased from 2002–2016.
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Hepatocellular carcinoma (HCC) rates have been rising in the US since the mid-1970s.1 

Additionally, rates of intrahepatic cholangiocarcinoma (ICC), the second most common type 

of liver cancer,2 have also been increasing.3 We previously forecast that HCC rates would 

continue to increase through 2030, based on data from 2000 to 2012 drawn from the 
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Surveillance, Epidemiology, and End Results (SEER) Registries.4 However, we noted that 

rates were decreasing in Asians/Pacific Islanders, individuals younger than age 65, and 

cohorts born after 1960, portending possible declines in incidence of HCC in future years. A 

recent publication reported that the incidence of HCC in the U.S. started to plateau between 

2010 and 2015.5 However, the most recent HCC and ICC incidence rates have not been 

reported, which are needed as risk factors for liver cancer are in rapid transition.6 Thus, we 

examined recent trends of HCC and ICC incidence, using high-quality cancer registry data 

from SEER.

We utilized the SEER-13 registries, which include cases diagnosed from 1992–2016 and 

cover approximately 14% of the US population.7 Primary liver cancer was identified by the 

International Classification of Diseases for Oncology (ICD-O), 3rd edition topography code 

C22.8 Cases were classified as HCC (morphology codes 8170–8175) or ICC (morphology 

codes 8032–8033, 8041, 8050, 8070–8071, 8140–8141, 8160, 8260, 8480, 8481, 8490, 

8560).2 Age-standardized incidence rates (ASR) per 100,000 persons and 95% confidence 

intervals (CIs) were calculated by year of diagnosis. In addition to overall rates, incidence 

was examined by sex, race/ethnicity (non-Hispanic white [NHW], non-Hispanic black 

[NHB], Hispanic, Asian/Pacific Islander [API], American Indian/Alaskan Native [AIAN]), 

and age at diagnosis (<50, 50–69, 70–84 years).

Using Joinpoint regression, annual percent change (APC), average annual percent change 

(AAPC), and 95% CIs were estimated for all subgroups. A maximum of four segments were 

allowed in the model to fit age-adjusted trends, utilizing the permutation test.9 A segment 

was considered significant if the slope of the regression line was statistically different from 

zero (p<0.05). All case and population data were obtained from SEER*Stat (v8.3.6, IMS, 

Silver Spring, MD). Joinpoint regression analyses were conducted in the Joinpoint Program 

(v4.6.0.0, IMS, Silver Spring, MD).

As a sensitivity analysis, we also examined HCC incidence in SEER-9 and 18 registries and 

the National Program of Cancer Registries (NPCR) database (data not shown). We observed 

similar trends across these databases and only report SEER-13 registry data herein, as these 

allow the most robust trend analysis by histology and race/ethnicity. SEER-9 registries allow 

for a longer trend analysis but do not contain information on ethnicity, while SEER-18 and 

NPCR cover a larger proportion of the U.S. .population but only having data starting around 

2000.

HCC incidence rates are shown in Figure 1A. For HCC, we further graphed rates by sex 

(Figure 1B), race/ethnicity (Figure 1C), and age (Figure 1D). Overall, HCC rates 

significantly declined (APC=−1.9%) between 2011 and 2016. Declines in rates were evident 

among almost all groups but were especially notable among men (APC=−2.0%), APIs 

(APC=−4.2%), and individuals <50 years of age (APC=−5.5, Table 1). The only group, 

however, whose rates did not follow this pattern were AIAN, who experienced significantly 

increasing HCC rates (APC=4.7%).
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In contract to HCC rates, ICC rates significantly increased between 2002 and 2016 (Figure 

1A, APC=4.8%) overall, and among almost all subgroups (Table 1). Among AIAN, 

however, ICC rates declined (APC=−1.2%).

In the current study, we report that HCC rates have declined or plateaued in all groups in the 

U.S. with the exception of AIAN. While there was a more prominent decline in rates among 

men than women starting around 2011, the overall trends by sex were very similar, with 

rates rising until 2009–2011, then declining thereafter. Similarly, the decline in rates among 

all race/ethnic groups except AIAN started around 2009–2012. Why the HCC trend among 

AIAN differs from other racial/ethnic groups is not certain, although rates among smaller 

populations are often challenging to characterize.

While we previously reported the decline in HCC rates among APIs,4, 10 which has 

continued through 2016, we also forecast that HCC rates would not begin to plateau in other 

groups until 2025. Our prior study was based on incidence data from 2000–2012 and 

provided the best model of future HCC incidence at the time. Other attempts to model the 

US HCC epidemic curve also suggested that rates would likely increase until 2020 or 

2025.11, 12 A recent publication examined HCC incidence through 2015, however, observed 

plateauing rates.5 Herein, we show that HCC rates have not only plateaued, but significantly 

declined between 2011 and 2016. While the reasons for the decline in HCC rates are not 

clear, factors that may have had an effect include halting the spread of HCV via testing of 

the blood supply, improvement in HCV treatment13, 14 and competing mortality risks.15 Of 

these potential factors however, it should be noted that direct-acting antiviral (DAA) therapy 

for HCV was not approved by the FDA until 2011 and the all-oral DAA combinations were 

not available until 2014. 16 As the downturn in rates began around 2011 before widespread 

availability of these drugs, other factors must have had an effect on the decline.

A potential factor that could have affected HCC rates is the competing mortality risk related 

to non-alcoholic fatty liver disease (NAFLD). The prevalence of NAFLD is now estimated to 

be 30% in the general US population 17–19 and NAFLD, particularly in its most severe form, 

non-alcoholic steatohepatitis (NASH), has become an important risk factor for HCCs in 

many countries, including the U.S. 20 However, persons with NAFLD are more likely to die 

of cirrhosis, cardiovascular disease, diabetes, and non-HCC cancer than they are to die of 

HCC. 21, 22 This suggests that the rising prevalence of NAFLD could potentially decrease 

the incidence of HCC.

In the US, known risk factors for ICC largely overlap with HCC (e.g., metabolic conditions, 

alcohol consumption, and HBV/HCV infection).23–29 Thus, it is unclear why HCC rates 

have significantly declined while ICC rates increased. However, these trends may be related 

to how transitioning risk factors affect the tumor microenvironment.6, 30, 31 For example, a 

recent study demonstrated that ICC can arise from hepatocytes in a necroptotic 

microenvironment,30 and studies have also suggested that necroptosis could be a 

fundamental element in the pathogenesis of NAFLD.31

In summary, HCC rates have declined while ICC rates have increased. Due to HCV removal 

from the blood supply and advances in treatment, and/or competing mortality risks among 
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persons with NAFLD, HCC rates may continue to decrease. Further research is needed to 

elucidate the etiology and molecular mechanisms of ICC.
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Abbreviations

HCC hepatocellular carcinoma

ICC intrahepatic cholangiocarcinoma

SEER Surveillance, Epidemiology, and End Results

ASR Age-standardized incidence rates

APC annual percent change

ICD-O International Classification of Diseases for Oncology

CIs confidence intervals

NHW non-Hispanic white

NHB non-Hispanic black

API Hispanic, Asian/Pacific Islander

AIAN American Indian/Alaskan Native

AAPC average annual percent change

HCV hepatitis C virus

DAA direct-acting antiviral

NAFLD non-alcoholic fatty liver disease
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Figure 1. 
Age-adjusted incidence rates per 100,000 persons, 1A) by histology, 1B) by sex, 1C) by 

race/ethnicity, and 1D) by age.
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Table 1.

Age-standardized incidence rates (ASR) and 95% confidence intervals (CI) of hepatocellular carcinoma in the 

United States; Surveillance, Epidemiology, and End Results Program 13 Registries, 1992–2016.

Population Group

1992 2016 APC (%)
1 AAPC 1992–

2016
1

Cases ASR 95% 
CI

Cases ASR 95% 
CI

Trend 
1

Trend 
2

Trend 
3

Joinpoint 
1

Joinpoint 
2

(%) 95% 
CI

Hepatocellular 
Carcinoma Overall

924 2.95 (2.76, 
3.15)

3,398 6.49 (6.27, 
6.72)

4.5* −1.9* - 2011 - 3.2* (2.8, 
3.5)

 Sex

  Males 661 4.78 (4.42, 
5.17)

2,587 10.52 (10.11, 
10.95)

4.5* −2.0* - 2011 - 3.1* (2.7, 
3.5)

  Females 263 1.51 (1.33, 
1.70)

811 2.95 (2.75, 
3.16)

4.2* 0.1 - 2009 - 3.0* (2.3, 
3.7)

 Race/Ethnicity
2

  Non-Hispanic 
White

428 1.82 (1.65, 
2.00)

1,498 4.60 (4.36, 
4.85)

4.9* −1.8 - 2012 - 3.7* (3.3, 
4.2)

  Non-Hispanic 
Black

103 4.07 (3.30, 
4.94)

492 9.66 (8.93, 
10.44)

5.4* −0.2 - 2009 - 3.7* (3.1, 
4.4)

  Hispanic 125 4.86 (3.97, 
5.78)

705 9.66 (8.93, 
10.44)

4.1* −4.2 - 2012 - 2.6* (1.8, 
3.5)

  Asian/Pacific 
Islander

261 10.84 (9.51, 
12.28)

627 9.07 (8.36, 
9.83)

1.1* −4.2* - 2009 - −0.5 (−1.2, 
0.2)

  American 
Indian/Alaskan 
Native

6 3.14 (0.99, 
6.99)

60 11.41 (8.62, 
14.84)

4.7* - - - - 4.7* (3.2, 
6.1)

 Age at Diagnosis

  <50 years 128 0.53 (0.44, 
0.63)

158 0.56 (0.48, 
0.66)

4.6* −5.5* - 2005 - −0.2 (−1.3, 
1.0)

  50–69 years 411 6.94 (6.28, 
7.65)

2,206 19.88 (19.05, 
20.73)

5.9* −1.2 - 2011 - 4.4* (4.0, 
4.8)

  70–84 years 344 14.92 (13.38, 
16.58)

894 28.28 (26.45, 
30.20)

3.6* −2.3 - 2012 - 2.6* (2.0, 
3.1)

Intrahepatic 
Cholangiocarcinoma 
Overall

251 0.82 (0.72, 
0.93)

775 1.55 (1.44, 
1.67)

3.8* −8.9 4.8* 1999 2002 2.7* (1.4, 
4.1)

 Sex

  Males 138 1.08 (0.90, 
1.28)

417 1.81 (1.63, 
1.99)

2.6* −6.8 4.8* 1999 2003 2.1* (0.6, 
3.7)

  Females 113 0.64 (0.53, 
0.77)

358 1.34 (1.20, 
1.49)

4.5* −7.6 5.1* 1999 2002 3.3* (0.6, 
6.0)

 Race/Ethnicity
2

  Non-Hispanic 
White

161 0.69 (0.58, 
0.80)

446 1.44 (1.31, 
1.59)

5.3* −12.2 5.6* 1999 2002 3.1* (1.2, 
5.1)

  Non-Hispanic 
Black

18 0.81 (0.47, 
1.27)

67 1.49 (1.15, 
1.91)

2.7* - - - - 2.7* (1.7, 
3.7)

  Hispanic 34 1.33 (0.89, 
1.89)

126 1.89 (1.56, 
2.26)

2.2* - - - - 2.2* (1.3, 
3.1)

  Asian/Pacific 
Islander

33 1.44 (0.97, 
2.04)

123 1.78 (1.48, 
2.13)

1.0* - - - - 1.0* (0.3, 
1.8)
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Population Group

1992 2016 APC (%)
1 AAPC 1992–

2016
1

Cases ASR 95% 
CI

Cases ASR 95% 
CI

Trend 
1

Trend 
2

Trend 
3

Joinpoint 
1

Joinpoint 
2

(%) 95% 
CI

  American 
Indian/Alaskan 
Native

5 3.14 (0.95, 
7.09)

10 2.10 (0.96, 
3.97)

−1.2 - - - - −1.2 (−3.7, 
1.4)

 Age at Diagnosis

  <50 years 30 0.12 (0.08, 
0.18)

48 0.17 (0.13, 
0.23)

1.8* - - - - 1.8* (0.7, 
2.8)

  50–69 years 88 1.49 (1.19, 
1.83)

379 3.42 (3.08, 
3.78)

1.5 4.8* - 2004 - 3.2* (2.2, 
4.2)

  70–84 years 106 4.63 (3.79, 
5.60)

273 8.62 (7.62, 
9.71)

4.4* −11.7 5.2* 1999 2002 2.7 (−0.4, 
5.8)

Abbreviations: APC, annual percent change; AAPC, average annual percent change.

1
Asterisk denotes trend is statistically different from zero at the alpha=0.05 level.

2
Cases may not add up to overall due to unknown race/ethnicity categories (data not shown).
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