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Abstract Decline in US cancer mortality has recently been
reported, based on either pooled mortality of all cancer sites or
age-adjusted mortality rates of specific sites. While the former
could be dominated by a few cancer sites and would not reflect
that of other sites, the latter used the US 2000 Population as
reference for age-standardization, which was lack of justifica-
tion. This study aimed to examine US cancer mortality trend
and disparities in sites, races, and sex. We studied cancer
incidence-based mortality by race and sex from 1974 to
2008 of cervix, prostate, colon and rectum, lung, leukemia,
liver, pancreas, and stomach in the Surveillance,
Epidemiology, and End Results database. We developed a
model-based mortality rate and examined rate ratio of each
calendar period to the first period within each race-sex group.
Cancer mortality of cervix, colon and rectum, leukemia, and
stomach declined in all groups. Prostate cancer increased first
in all racial groups and decreased thereafter at different pace.
Lung cancer declined among males of all races but increased
among females. Liver cancer increased steadily fast among
white and black females, doubled in whites and black males,
and climbed slowly in other races. Pancreas cancer declined
among black males and females, and changed little among
others. Cancer mortality trend presents heterogeneity across
sites, races, and sex. Recently observed mortality decline may
not reflect every cancer site or group. More effort needs to
focus on specific race-sex groups that had increasing lung and
liver cancer mortality.
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Introduction

Cancer mortality remains one of the leading causes of death in
the USA though a decline has been reported in recent years
[1-4]. It is essential to examine temporal trend of incidence or
mortality rate in evaluating cancer intervention programs,
such as smoking cessation or dietary intervention, and a
successful program is expected to lower disease incidence
through primary prevention or disease mortality through early
diagnosis and early treatment [5—7]. A decline in cancer
mortality was observed in a recent age-period-cohort (APC)
study of pooled mortality rate of all cancer sites [4]. A similar
decreasing trend of most cancer sites was also reported in a
Surveillance, Epidemiology, and End Results (SEER) Cancer
Statistics Review 1975-2010 [3] by examining age-adjusted
mortality rate using the US 2000 Population as reference [8].
Given such celebrating achievement in fighting against cancer
mortality, one may wonder: Has the mortality been declining
in all primary cancer sites? Or has it been declining across all
race-sex groups?

An examination of the temporal trend of cancer mortality
rate may provide a clue to the above questions and may guide
future cancer intervention programs. Since the pooled mortal-
ity of all cancer sites could be dominated by a few sites of
large numbers of deaths, a decline in cancer mortality rate of
these sites would not reflect the trend of others. In addition,
concerns have been raised about estimating mortality trend
with age-adjusted rate using the US 2000 Population as refer-
ence [9—13]. It was reported that age-adjusted rate varied
largely with the reference population in direct age-standardi-
zation. The use of the US 2000 Population was questioned by
a World Health Organization (WHO) report because “there is


http://dx.doi.org/10.1007/s40615-014-0059-6

J. Racial and Ethnic Health Disparities (2015) 2:158—-166

159

clearly no conceptual justification for choosing one standard
over another, hence the choice is arbitrary” [10]. Furthermore,
a decline in racial/ethnic and socioeconomic disparities was
attributed to a “statistical illusion” caused by the change of
reference population from the USA year 1940 population,
1970 population, to 2000 population in age-standardization
[11]. A recent study further found that the age-standardization
procedure using the US 2000 Population as reference overes-
timates prostate cancer mortality rate by up to 91 % and
underestimates cancer fatality rate by up to 78 % [14].
Given the above concerns, studies of temporal trend of cancer
mortality need to use caution, and more studies using alterna-
tive approaches are needed to (1) further examine the recent
decline in cancer mortality by site, (2) identify cancers from
which mortality did not decline or even increased, and (3)
study disparities in cancer mortality among race-sex groups
and identify those who suffered the most [11].

To examine the cancer mortality trend and to assess the
disparities in race and sex, we analyzed cancer incidence-
based mortality (IBM) from 1974 to 2008. Specifically, we
studied the IBM rates from 1984 to 2008 of eight cancer sites
(cervix, prostate, lung, colon and rectum, leukemia, liver,
pancreas, and stomach) from the Surveillance,
Epidemiology, and End Results (SEER) cancer registry data-
base [1]. We developed a model-based mortality rate and rate
ratio to examine the temporal trend within each race-sex group
for a given cancer site. Our method allowed the examination
of temporal trend within each race-sex group and identifica-
tion of disparities across race-sex groups. We further com-
pared the mortality trend with the report in the SEER Cancer
Statistics Review and identified similarities and differences,
which may provide insights to the disparities in cancer
mortality.

Methods
Data

The cancer mortality data were obtained from the SEER
database with the SEER*Stat software using the Incidence-
Based Mortality SEER 9 Registrations Research Data,
November 2010 submission (1973—2008) with Katrina / Rita
Population Adjustment [15]. The SEER program, initiated by
the National Cancer Institute in 1973, aims to provide infor-
mation about cancer statistics to help to reduce the burden of
cancer patients. The program started with nine states and
metropolitan areas in the USA (or the SEER 9), including
the state of Connecticut, lowa, New Mexico, Utah, and
Hawaii and the metropolitan areas of Detroit, San-Francisco-
Oakland, Atlanta, and the Seattle-Puget Sound. It expanded in
recent years to 13 states and metropolitan areas in the USA,
including areas with minorities and American Indians.

Compared to the US population, the SEER population has
similar characteristics, including proportion of foreign born
individuals, proportion below poverty level, and high school
educational level. For this reason, findings of cancer incidence
and mortality rates from the SEER program have been
regarded as the findings in the USA. More detailed informa-
tion about the SEER program and cancer statistics can be
found on the website of the SEER program [16]. We use
SEER 9 data for the mortality trend estimation for its relatively
long duration of cancer registry to allow the examination of
the cancer mortality trend. It has individual patient demo-
graphic information and clinical information, including age,
sex, race, cancer site, year of diagnosis and death year, and so
on.

For each cancer site, a specific race (white, black, and other
races), and sex (male and female) group, we calculated the
IBM rate using a 10-year window (requiring disease exposure
of 10 years or longer before death) based on the death records
of cancer patients in the SEER database [17, 18], following
the instruction of calculating 10-year IBM rate [19]. Both the
number of deaths and the person-year exposure were gener-
ated for each age-period-specific group of 5-year interval for a
given cancer site, race, and sex in the periods 1984-1988 to
2004-2008. The procedure was repeated for different race-sex
groups and further repeated for different cancer sites.

We selected prostate cancer and other seven sites because
the 5-year relative survival of the other seven sites was much
smaller than that of prostate cancer (Table 1 in online
Appendix) [3], for which a method of IBM rate was developed
and validated based on a window of 10-year exposure [17,
18]. Deaths from cancers with a smaller 5-year relative sur-
vival were more likely to be counted within a 10-year window
of exposure for accurate estimation of cancer cases and expo-
sure. We confirmed this through a comparison between 10-
and 8-year IBM data of liver cancer, showing no major dif-
ference in the number of cases and person-year exposure (data
not shown). For the same reason, we kept prostate cancer in
this study, but excluded female breast cancer because of its
relatively large 5-year survival rate.

We further generated age-period-specific incidence rate
and corresponding population for each race-sex group from
1974-1978 to 2004-2008 using the SEER 9 database. The
incidence had two extra periods, 1974-1978 and 1979-1983,
compared to the IBM rate because the IBM was restricted to
deaths in the SEER program and was calculated after the
initial 10 years from the start of the SEER program in 1973.

Statistical Analysis
To examine temporal trend of the IBM rate, we calculated a
model-based mortality rate (MMR) of each 5-year calendar

period (from 1984—1988 to 2004-2008) and a rate ratio (RR)
to the first period (1984—1988) of each cancer site. The MMR
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and the RR were defined based on the APC classification
model (1) below fitted to the IBM data, for example, lung
cancer mortality rate and number of deaths among black
females (Table 2 in online Appendix). The APC model
studies disease rate displayed in an axp table (e.g.,
Table 2 in online Appendix) with a rows of age groups
and p columns of periods, aiming to estimate age ef-
fects aj,...,a, of a rows, period effects 3y,...,5, of p
columns, and cohort effects vi,...,v,4,-1 of (a+tp-1)
diagonals [20].

log(E,«j) :1og(n,~j) +,u+oz,~+ﬂj+7a,,-+j (1)

where E;; is the expected number of deaths in cell (7, /) and
ny; is the population exposure in the same cell. y is the model
intercept.

We define the MMR and RR below using fitted values of
model (1) because the fitted values are uniquely determined
despite the identifiability problem of the APC model [20, 21],
for which a unique set of model parameters is difficult to
determine [20-23]. The model parameters a;, /3,7, ;+; can
be estimated using Poisson regression with a constraint on
the parameters, such as a;= «,. The model-based definitions
of MMR and RR filter the random noise in the mortality rate
data while taking the variability in age, period, and cohort into
consideration.

MMR; = exp<u+a,- +ﬁj+ya,i+j>, i=1,..a,j=1,..p (2)

> (moMMRy)
> (noMMRy)
Z; (nioexp (Oéi + %—tﬂ))
D (mioexp (i + 74 i41))

RR; =

= exXp (ﬂj_ﬁl)

j=1,...p

where n;, is a reference population for the age-
standardization procedure. In this study, we chose the popu-
lation structure of each race-sex group in period 1984—1988 as
the reference for that group because the population
structure remains relatively stable within each race-sex
group but may vary largely across groups, as shown in
Fig. 1 in the online Appendix. To examine the temporal
trend of mortality, we plot the RR against the period by
race-sex group of each disease.

The population proportion in the first period of each race-
sex group is the preferred reference to the US 2000 population
since the latter may not represent accurately the population
structure in each group with a large discrepancy in age profile
as shown in Fig. 1 in the online Appendix, leading to large
deviation in age-adjusted MMR and RR.
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To examine the temporal trend of cancer incidence, we
calculated the model-based incidence rate (MIR), similar to
the MMR, and its RR using the MIR.

Z?:l (I’lmMIRl])
> (migMIR3)

> ("[“eXp (ai Yot ))
ijl (nioexp (i + Vaeiy3)) ,

j=1.p, p=7

To compare with the mortality trend, we use the same
reference period (1984-1988 corresponding to j=3) for
the RR, plot the RR within each race-sex group, and
examine them between incidence and mortality for each
race-sex group. The extended trend of the RR in periods
1974-78 and 1979-1983 provides extra information of
incidence trend.

J

(4)

= exp(8;=0s)

Results
Mortality Trend

Figures 1 and 2 present temporal trend of mortality of eight
cancer sites by race-sex from 1984 to 2008. Cancer mortality
of the cervix, leukemia, colon and rectum, and stomach de-
clined consistently in all racial or race-sex groups.
Specifically, cancer of the cervix decreased around 40-50 %,
leukemia declined 20-30 %, and cancer of the stomach
dropped 30-40 %. While cancer of the colon and rectum
declined 10-20 % among black males and females and fe-
males of other races, it dropped 3040 % among white males
and females and males of other races. Prostate cancer in-
creased first in all racial groups and decreased thereaf-
ter, resulting in a 20 % decline among the whites and
little change in others. Lung cancer declined by 30 %
among the white and black males, and by 10 % among
males of other races, but increased by more than 10 %
among females of all races. Liver cancer increased more
than doubled among white and black males, increased
steadily fast by 60-80 % among white and black fe-
males, and increased by 30 % among other races.
Pancreas cancer declined by 10 % among black males
and females and little changed among the whites and
other races.

Fluctuation was observed in leukemia mortality among
males and females of other races. Fluctuation was also ob-
served in pancreas cancer mortality among females of other
races. Both black males and females showed a slow decline in
pancreas cancer mortality with fluctuation.
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Incidence Trend

To understand the changes in mortality trend and heterogene-
ity across race-sex groups, we further examined incidence
trend from 1974-1978 to 2004-2008 and compared it with
the mortality. The incidence presented a steady decline in
cancers of the cervix and stomach in all groups, consistent
with the decline in mortality. The increasing incidence of liver
cancer in all groups was also consistent with the increasing
mortality. The decreasing lung cancer incidence among white
and black males was consistent with the decreasing mortality,

while the increasing incidence among females was consistent
with the increasing mortality. The slightly increasing then
decreasing lung cancer incidence among males of other races
was consistent with the slightly decreasing mortality. The
decreasing incidence of colon and rectum cancer was consis-
tent with the fast decreasing mortality among white males and
females and males of other races, while the slowly decreasing
mortality among black males and females and females of other
races could be attributed to the flattened incidence with fluc-
tuations. The steadily fast decrease of leukemia mortality in all
groups could well be attributed to the advances in treatment
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because the incidence was flat in all groups except for an
increasing trend among females of other races. Prostate cancer
presented a sharp increase in incidence from 1974-1978 to
1988-1993 followed by a level off in all groups. This could
partly explain the initial increase in mortality in all groups
from 1984-1988 to 1994-1998, followed by a decline there-
after when the incidence leveled off. Pancreas cancer inci-
dence fluctuated in all groups, which was also consistent with
the fluctuation in mortality.

It can be concluded in general that increasing mortality was
highly correlated with increasing incidence (e.g., liver cancer,
prostate cancer, and female lung cancer) except for leukemia,
for which mortality decreased while incidence did not. Fast
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decreasing mortality was also highly correlated with decreas-
ing incidence (e.g., cancer of the cervix, stomach, and colon
and rectum among whites).

Discussion
War against Cancer
The war against cancer has been progressing rapidly with the

advancement in medical research and technologies that have
made numerous promising treatments and therapeutics
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available. Despite the successes in treatment and therapeutics,
the battle against cancer has been difficult, thanks to the
disparities among racial groups, sex and socioeconomic clas-
ses. Strategic plans are needed to win the war against cancer,
with special emphasis on studies of the causes, prevention
programs based on cellular, molecular and genomic research
evidence, and global surveillance, public health policy, and
equity of cancer [24-26]. Cumulative evidence has shown that
studies of the war against cancer without emphasizing the
disparities would be incomplete [27-29].

Heterogeneity in Mortality Trend

Racial, sex, and socioeconomic disparities have been studied
extensively in the literature and still remain a major challenge
to public health [10, 27-29]. Our findings in temporal trend of
cancer mortality rate of eight cancers over the past 30 years
provide a strong evidence of racial and sex disparities, and
further demonstrate that although decline in cancer mortality
has been reported in recent years, it may not reflect the trend in
every cancer site. For example, liver cancer presented an
increasing trend, varying largely across race-sex groups.
Lung cancer mortality decreased among males but increased
among females, consistently across all racial groups.
Furthermore, the disparities in lung cancer incidence and
mortality between males and females indicate that cancer
intervention programs need to address disparities and target
on high-risk populations. In addition, the increasing incidence
and mortality in prostate cancer and liver cancer and the
fluctuating pattern in incidence and mortality of pancreas
cancer indicate the needs of both efficient intervention pro-
grams and effective treatments and therapeutics.

Impact of Incidence and Mortality Trend

Although cancer mortality in the USA has been reported to
decline, the prediction of worldwide skyrocketing cancer in-
cidence and mortality in the next 20 years by the World
Cancer Report 2014 presents a sharp turn of cancer mortality
trend [30], prompting a reexamination of cancer mortality.
Specifically, the reported decline of cancer mortality of all
caner sites combined may not reflect the trend of some spe-
cific cancer sites (such as liver cancer shown in Fig. 1) as it
may be dominated by a few large cancer sites with declining
mortality. Further, it has recently been found that the direct
age-standardization method may overestimate cancer mortal-
ity rate when the age structure of a standard healthy population
is adopted in the age-standardization. These methodological
limitations in previous approaches and the severe conse-
quences of inaccurate estimation of cancer mortality make it
urgent to further examine the mortality trend using different
analytic methods. Our newly developed model-based mortal-
ity rate and rate ratio approach further confirmed most

findings in the SEER Cancer Statistics Review [3].
Specifically, it confirmed the declining mortality of cervix
and stomach cancer among all groups, lung cancer among
males of all racial groups, and colon and rectum cancer among
white males and females. It also confirmed the increasing
mortality of liver cancer of all race-sex groups and lung cancer
among females of all racial groups.

In addition, we also observed differences between our
findings and those in the SEER Cancer Statistics Review.
The latter reported that leukemia mortality increased from
1975 to early 1990s with a peak around 1992 among both
black males and females, but steadily decreased among both
white males and females ([3] Fig. 13.1). In contrast, our
analysis observed a steadily decreasing mortality among both
black and white males and females with a faster decline
among the blacks than the whites. To gain insight of such
discrepancy, we examined leukemia incidence trend for pos-
sible explanation. The SEER Cancer Statistics Review report-
ed increasing incidence of leukemia among both white males
and females but rather a flattened incidence among both black
males and females, while our analysis observed a similar
increasing trend among both white males and females since
1984 but a decreasing trend in both black males and females.
If the observation in both reports that an increasing incidence
trend among the whites was followed by a steadily decreasing
mortality trend was true, it would imply, assuming equal
efficacy of treatment among the whites and blacks, that leu-
kemia mortality would have declined faster among the blacks
due to the slower increase in incidence than the whites, which
was consistent with our finding. However, this makes it diffi-
cult to explain the observations in the SEER Cancer Statistics
Review that a flattened incidence (virtually no increase)
among the blacks was followed by an increasing-then-
slightly-decreasing mortality trend. Such a finding, if it
was true, would strongly indicate racial disparities in leu-
kemia mortality and could be explained potentially by the
low socioeconomic status and limited access to healthcare
among the blacks, indicating strong racial/socioeconomic
disparities between the blacks and the whites [31-33].
Further investigation linking mortality data of leukemia
patients to the socioeconomic status is needed to test this
hypothesis, which is out of the scope of this study and will
be reported elsewhere.

Compared to the previous study of pooled cancer mortality,
our findings not only identified cancer sites that presented
increasing mortality, but also identified populations who had
increasing cancer mortality. The identification of these popu-
lations of increasing risk is also supported and confirmed by
increasing incidence and may provide guidance to future
cancer programs.

Racial/sex disparities in cancer mortality have also been
reported in the literature to analyze individual patient data
adjusting for a number of risk factors, including age, disease
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stage, genetic mutation, treatment received, and socioeconom-
ic status (SES) or employment status. A study of female breast
cancer mortality rate identified higher hazard rate among
black women than white women adjusting for estrogen recep-
tor expression level [34]. The gap between higher breast
cancer mortality rate of black women and lower mortality rate
of white women was shown to grow continually nationwide
and in the metropolitan areas with large black population,
such as Chicago [35]. No major racial differences in the
efficacy of breast cancer treatment have been concluded in
the literature between white and black women [36]. A higher
hazard ratio of cervical cancer mortality among African
American women was also found than white women [37].
Reasons for the disparities of cervical cancer mortality are
likely multifactorial, including early screening, treatment pro-
cedures, SES, and so on after adjusting for common risk
factors (e.g., age, marital status, stage of diseases, treatment,
grade and histology, etc.) [36, 37]. Racial disparities were also
found between black and white Americans in colorectal can-
cer mortality [38, 39] and in the treatment procedures of
colorectal cancer [36]. Racial disparities in lung cancer mor-
tality and nonsmall cell lung cancer treatment were found
between white and black Americans but the gap is narrowing
down over time [40, 41]. No statistical significant differences
were found in tumor response or disease progression
[36]. Sex disparities were also found in lung cancer
survival with women having a better chance to survive
[42]. Racial disparities were also found in very low-risk
prostate cancer patients between African American and
the whites [43], while race may seem to be an indepen-
dent factor for the prognosis, African American men are
less likely than the whites to receive expensive treat-
ment or more innovative treatments [36]. Liver cancer
mortality presents an increasing trend by race and sex,
and the racial disparities were observed in a long-term
study from 1969 to 2011, even after being stratified by
county unemployment level [44]. While leukemia mor-
tality has been found to be partly attributable to certain
genetic factors, racial disparities play an important role
in the mortality [30]. The racial disparities were report-
ed to gradually vanish in stomach cancer mortality [45].

While it is not straightforward to compare our findings with
the above disparity studies because of the different racial
groups studied and different periods of time examined, a
comparison of our findings in racial-sex disparities reveals
interesting observations. Our analysis shows that liver cancer
mortality increased in all racial-sex groups, it increased at a
faster pace among white and black males than white and black
females (Fig. 1). While an increase was reported among the
blacks with higher mortality than the whites, it was at a
relatively slower pace among the blacks than the whites
[44]. Our analysis shows that lung cancer mortality rates
increased among females in all racial groups while it declined
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among males in all racial groups. This result can be largely
explained by the observations that smoking and consequently
lung cancer incidence rate decreased more rapidly among
males than females [46], but it differs largely from the report
that women had a better chance to survive lung cancer [42].
These differences prompt further investigations of cancer
mortality rates, preferably using more advanced statistical
methods to address methodological issues.

Given the long period of time covered in this study, the
cancer mortality trend may partly reflect the advances of
cancer treatment, medical programs for screening, early de-
tection, and early treatment. For example, the increasing-
then-decreasing mortality of prostate cancer may reflect
the increasing-then-flat incidence trend, which might be
affected largely by the prostate cancer screening pro-
grams, such as the use of prostate-specific antigen
(PSA) for screening, before the year 2000 and so on.
The big contrast in lung cancer mortality between males
and females may partly due to the behavior of increased
female smokers and relatively less increased or decreased
male smokers [47].

Conclusion

The steadily increasing incidence and mortality trend of
liver cancer and female lung cancer poses great challenges
in the battle against cancer mortality. Although lung cancer
incidence and mortality have declined among males of all
racial groups in recent years, thanks to cancer intervention
programs (e.g. smoking cessation), these programs have
yet been as effective among females. Meanwhile, liver
cancer mortality has more than doubled in black and white
males, and increased by more than 50 % among black and
white females. More strategic plans combining prevention,
therapeutics, and treatment are required in the battle against
cancer mortality. Implementation of such programs can
also be challenging and may require joint effort in epide-
miology, public health, nutrition, social, and behavior sci-
ences [24-26].

It is anticipated that advances in biomedical research will
lead to more effective medical treatment and therapeutics.
However, the racial, sex, and socioeconomic disparities in
the USA may unlikely disappear in a short period of time
during the long-term fight against cancer. With the globaliza-
tion of economy and migration of world population, racial-sex
disparities will soon become a major public health task in
many countries, posing greater challenges to the battle
against cancer mortality. One can be sure that although
the fighting against cancer mortality has been more promising
than ever before, it still remains an uphill battle with various
challenges ahead.
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