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A B S T R A C T

Background: Since 1979, mortality from hepatocellular cancer (HCC) has doubled in the United States (US).
Lifesaving drugs, prohibitively expensive for some, were approved and marketed to treat hepatitis C virus
(HCV), a major risk factor for HCC, beginning in 1997. After the prior introduction of other lifesaving innova-
tions, including active retroviral drug therapy for human immunodeficiency virus and surfactant for respira-
tory distress syndrome of the newborn, racial inequalities in their mortalities increased in the US. In this
descriptive study, we explored racial inequalities in mortality from HCC before and after licensure of HCV
drugs in the US.
Methods: The US Centers for Disease Control and Prevention Wide-ranging ONline Data for Epidemiologic
Research (WONDER) were used to describe HCC mortality rates from 1979 to 2016 in those 55 years of age
and older, because they suffer the largest disease burden. Joinpoint regression was used to analyze trends. To
estimate excess deaths, we applied White age-sex-specific rates to corresponding Black populations.
Findings: From 1979 to 1998, racial inequalities in mortality from HCC in the US were declining but from 1998
to 2016 racial inequalities steadily increased. From 1998 to 2016, of the 16,770 deaths from HCC among
Blacks, the excess relative to Whites increased from 27.8% to 45.4%, and the trends were more prominent in
men. Concurrently, racial inequalities in mortality decreased for major risk factors for HCC, including alcohol,
obesity and diabetes.
Interpretation: These descriptive data, useful to formulate but not test hypotheses, demonstrate decreasing
racial inequalities in mortality from HCC which were followed by increases after introduction of lifesaving
drugs for HCV in the US. Among many plausible hypotheses generated are social side effects, including
unequal accessibility, acceptability and/or utilization. Analytic epidemiological studies designed a priori to
do so are necessary to test these and other hypotheses.

© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license. (http://creativecommons.org/licenses/by-nc-nd/4.0/)
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1. Introduction

Hepatocellular cancer (HCC) is a major and increasing clinical and
public health problem, and is the second most common cause of mor-
tality from cancer [1]. Risk factors include hepatitis C virus (HCV)
infection, obesity, diabetes, non-alcoholic fatty liver disease, and
excessive alcohol use [2].

In the United States (US), mortality from HCC has been increasing
at the highest rate of all malignancies in both men and women [3].
Further, HCC is unequally distributed by race as older Blacks have sig-
nificantly higher incidence and mortality rates than Whites [4].
The HCV was identified in 1989, and by 1997, effective drugs had
become available. Such drugs are lifesaving but prohibitively expen-
sive for some [5,6]. In the US, after the prior introduction of lifesaving
drugs, including active retroviral drug therapy for human immunode-
ficiency virus (HIV) and surfactant for respiratory distress syndrome
(RDS), there were increases in racial inequalities in their mortalities
[7�9]. In this descriptive study, we explored racial inequalities in
mortality from HCC before and after licensure of lifesaving drugs for
HCV in the US.

2. Methods

The US Centers for Disease Control and Prevention Wide-ranging
ONline Data for Epidemiologic Research (WONDER) afforded the
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Research in context panel

Evidence before this study

Previous reports note increases in racial inequalities in mortal-
ity following licensure of lifesaving drugs for human immuno-
deficiency virus disease and respiratory distress syndrome of
the newborn in the United States (US).

Added value of this study

This descriptive study shows that declining racial inequalities in
mortality from hepatocellular cancer in the US began to steadily
increase one year following the licensure of drugs for hepatitis
C virus.

Implications of all the available evidence

These data pose potential major clinical, public health and
research challenges. Among the many hypotheses formulated
are social side effects, including unequal accessibility, accept-
ability and/or utilization.
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opportunity to obtain mortality data, including overall age-adjusted
and age-specific rates by person, place, and time. HCC mortality rates
were based on the underlying cause of death using International Clas-
sification of Diseases (ICD) codes 155.0 (primary liver cancer, ICD 9th
Edition 1979�1998) [10] or B22.0 (liver cell carcinoma, ICD 10th Edi-
tion, 1999�2016) from 1979 to 2016 [11]. Further details on coding
are presented in Supplementary Table 2.

We chose to explore those age 55 and over, because they account
for 83% of all deaths from HCC [11]. The Joinpoint Regression Program
[12-13] (National Cancer Institute software) was used to analyze
trends in mortality rates and Black:White mortality rate ratios
(MRR’s) over time using its Bayesian Information Criterion model
selection method. The numbers of excess deaths in Blacks were esti-
mated by applying White age-sex-specific rates to corresponding
Black populations. Finally, a percentage change calculator [14] was
used to describe race-specific mortality rates from 1998 to 2016.

This research was classified as exempt by the Institutional Review
Board of the Baylor College of Medicine.
Fig. 1. Joinpoint regression analysis of trends in annual percent change (APC) for Black-Whit
Years. US. 1979�2016.
3. Results

Between 1979 and 1998, among those 55 years of age and older,
racial inequalities in mortality from HCC appeared to be steadily
declining but appeared to steadily increase between 1998 and 2016.
The apparent increase was greater among Blacks than among Whites.
Specifically, the Black rate increased from 9.4 per 100,000 in 1998 to
16.7 per 100,000 in 2016, an increase of 77.7%, while the correspond-
ing values for Whites were 7.2 to 10.3, an increase of 43.1%. (Supple-
mentary Figure 1 shows all rates from 1979 to 2016.) Black rates for
persons 55+ years of age increased by 1.7% per year from 1979�1997
and by 4.2% per year from 2000�2016. In contrast, corresponding
White rates increased by 3.5% per year from 1979�1990, and then
increased by 2.0% per year from 1990�2016. Fig. 1 shows that Black:
White MRR’s in this age group began to increase in 1998 (Supple-
mentary Figure 2). Figs. 2 and 3 show that increased inequalities
were more prominent among men. Table 1 shows that Black:White
MRR’s for alcohol, obesity, as well as diabetes mellitus declined from
the late 19800s through 2016. Sex-specific trends showed similar
inequalities (Supplementary Table 1). Fig. 4 shows a steady increase
in excess deaths from HCC among Black men and women ages
55 years and older from 1998 to 2016. In 1998, of 473 deaths from
HCC among Blacks there would have been 131 (27.8%) fewer if White
age-sex-specific rates had applied to the corresponding Black popula-
tions. By 2016, this excess had increased to 45.4% (751/1657). From
1998 to 2016, there were 7195 excess deaths from HCC among Blacks
(5684 among men and 1411 among women).
4. Discussion

These descriptive data demonstrate decreasing racial inequalities
in HCC mortality before and increasing racial inequalities after the
introduction of lifesaving drugs for HCV in the US.

Initial Food and Drug Administration (FDA) licensure occurred in
1997 (interferon alfacon-1, which was sometimes used in combina-
tion with ribavirin), and 1998 (Ribavirin in combination with inter-
feron alfa-2b, and for those who had relapsed following interferon
therapy, Rebetol and Intron) [5]. Recently, the evolution of more
drugs of life saving benefit for HCC had progressed to clinical claims
of cures [15]. The present data show that Black:White MRR’s from
HCC changed from declining from 1979 to 1998 to steadily increasing
thereafter from 1998 to 2016.
e Mortality Rate Ratios in Primary Malignant Hepatocellular Cancer Among Persons 55+



Fig. 2. Joinpoint regression analysis of trends in annual percent change (APC) for Black-White mortality rate ratios in primary malignant hepatocellular cancer among Men 55+
Years. US. 1979�2016.

Fig. 3. Joinpoint regression analysis of trends in annual percent change (APC) for Black-White mortality rate ratios in primary malignant hepatocellular cancer among women 55+
Years. US. 1979�2016.
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In addition to the inability to test hypotheses from these descrip-
tive data, several additional limitations merit mention. Specifically,
these data may be restricted in generalizability to the US and those
ages 55 and older. With respect to the former, it is tempting to specu-
late that these findings may be related, at least in part, to mistrust of
the health care system [16,17], decreases in adherence, and
responses to drugs or even, in theory, biological differences [18,19]. It
is certainly plausible that decreases in adherence in Blacks leads to
Table 1
Joinpoint Regression Analyses. Annual Percent Changes (APC) for Black:White
Specifically Related to Alcohol Among Persons Ages 55 to 85+ Years. United Stat

Black:White Mortality Rate Ratios, Diabetes Mellitus

Black:White Mortality Rate Ratios, Obesity

Black-White Mortality Rate Ratios, Causes of Death Specifically Related to
lower efficacy [19]. Thus, the lower efficacy of HCV drugs among
Blacks than Whites in a largely male population of US veterans [18],
may be due, at least in part, to lower adherence among Blacks [19].
With respect to mistrust, this may be especially prominent among
older Black men in the US, possibly as a consequence, at least in part,
of withholding potentially lifesaving drugs from Black men as part of
the US Public Health Service Study of Syphilis at Tuskegee [16]. Mis-
trust has also been important in reducing African American
Mortality Rate Ratios for Diabetes Mellitus, Obesity, and Causes of Death
es of America. 1979�2016.

Segment Lower Endpoint Upper Endpoint APC

1 1979 1987 2.1
2 1987 1997 0.6
3 1997 2016 �0.8
1 1979 1987 3.9
2 1987 2016 �2.3

Alcohol 1 1979 1991 1.3
2 1991 2010 �4.2
3 2010 2016 �1.9



Fig. 4. Excess black deaths from hepatocellular carcinoma relative to whites among black women and black men, and total black deaths from hepatocellular carcinoma. USA.
1998�2016.
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engagement with HIV treatment programs in the US [17]. Finally, dif-
ferential access to care and other social benefits may play a role.
Additional limitations of the data include reliance on underlying
cause of death. This may lead to misclassification, but data are avail-
able to support the validity of standard underlying cause of death
data for surveillance of trends in mortality from HCC [20]. The data
also are based on deaths whose cell type is specified as due to HCC.
Cell type was specified on 63% of the deaths but the distributions
were virtually identical in Blacks and Whites [11]. As another conse-
quence of using death certificates, there are no data concerning
access to anti-hepatitis C treatment for HCV or the proportion of
treated individuals who have HCV infection. Our assumptions are
that HCV infection is a major risk factor for HCC and that the distribu-
tions of HCV by race were stable during the observation period. Fur-
ther, data were not available on alcohol consumption, obesity, or
diabetes, so it was not possible to control for confounding or explore
effect modification during the several decades when significant HCV
transmission occurred [21]. Nonetheless, the present data show
declines in mortality attributable to major risk factors for HCC within
populations 55+ years of age. In addition, the largest increases in
MRR’s for HCC and its risk factors occurred for HCV. (Supplementary
Table 3 and Supplementary Fig. 3 through 8).

Despite these and other possible limitations, we believe the most
plausible interpretation of these descriptive data to be that racial
inequalities in mortality from HCC were decreasing but then
increased following licensure of lifesaving drugs for HCV in the US.
These findings about possible unintended consequences of the intro-
duction of lifesaving drugs and HCC mortality in the US, are consis-
tent with previous reports concerning HIV and RDS [7�9]. Analytic
epidemiological studies designed a priori to do so are necessary to
test the many plausible hypotheses generated by these descriptive
data. These include, but are not limited to, the possibilities that wid-
ening racial inequalities following licensure of lifesaving innovations
may have resulted, at least in part, from unintended social side effects
such as unequal accessibility, acceptability and/or utilization. Tests of
these hypotheses might lead to a focus on the possibilities of
improved product safety and health licensing programs [22].
While the current data are limited in their ability to address
these potentially important clinical and public health issues, it is
clear that an important priority should be to decrease racial
inequalities in mortality following the introduction of life saving
drugs.
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