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Abstract

Background: Hispanics are the largest minority population in the United States (18%). They
represent a heterogeneous and growing population. Cancer is the leading cause of death among
Hispanics, yet few studies have described cancer mortality burden by specific Hispanic group
nationwide.

Methods: Cancer-related deaths from U.S. death certificates for the years 2003-2012 were
analyzed for decedents identifying as Mexican, Puerto Rican, Cuban, and Central or South
American. We calculated descriptive statistics including potential years of lives lost (PYLL), age-
adjusted rates, standardized mortality ratios, and fitted JoinPoint regression models to evaluate
annual trends by Hispanic group, using non-Hispanic Whites (NHWS) as the reference population.

Results: We identified 287,218 cancer deaths among Hispanics and 4,570,559 among NHWSs.
Mortality trends were heterogeneous across Hispanic groups. Female NHWSs and male Puerto
Ricans had the greatest rates of adjusted PYLL per 1000 (NHWSs, 19.6; Puerto Ricans, 16.5). Liver
cancer was ranked among the top 5 cancer-related deaths for every Hispanic group, but not for
NHWSs. Stomach cancer mortality was twice as high for most Hispanic groups when compared to
NHWSs and especially high for Mexicans (male SMR, 2.07; 95% Cl, 2.01-2.13; female SMR, 2.62;
95% Cl, 2.53-2.71)
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Conclusion: We observed marked heterogeneity in cancer mortality across Hispanic groups.
Several cancers affect Hispanics disproportionately compared to NHWSs. Screening programs in
Hispanics should be considered for stomach and liver cancer.

Impact: Disaggregated analysis of Hispanics is needed to fully understand cancer burden among
the diverse Hispanic population and is critical for cancer prevention and control efforts.
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INTRODUCTION

The Hispanic population is the largest minority group in the United States and is rapidly
growing[1]. 18% of the U.S. identified as Hispanic in 2016 and the population increased by
57% between 2000 and 2014[1, 2]. The rapid growth of the Hispanic population makes it
essential to accurately assess health problems and uncover health disparities that affect this
population. Cancer incidence and mortality appear to be steadily decreasing among the
Hispanic population[3]. Factors such as acculturation, diet, physical activity, alcohol
consumption, and smoking all affect the cancer burden in Hispanics[3]. Relative to the non-
Hispanic white population, the Hispanic population in the U.S. is also disproportionately
affected by lower income, education, and access to health care[4]. Language barriers, low
health insurance coverage, low income, and unfamiliarity with dealing with insurance
providers have all been shown to be obstacles of cancer screenings in the U.S.[4] In most
studies, Hispanics are aggregated into a single group because Hispanics share a similar
migration history, have a common language, and share many values[5]. However, specific
Hispanic groups can vary significantly via genetic, cultural, behavioral, geographic, and
socioeconomic factors[6-9]. For example, the poverty rate for aggregated Hispanics is 25%,
but ranges from 27% for Mexicans to 18% in Cubans[10]. Behaviors such as alcohol intake
also differ by Hispanic group. A recent survey found that Cuban males report drinking 8.4
drinks a week while Puerto Rican males drink 16.9 drinks a week[11]. Due to this
heterogeneity in health behaviors among Hispanics, aggregation may mask important
differences among specific Hispanic groups. Furthermore, studies in Asian populations have
shown that disaggregated cancer statistics are essential to understanding cancer burden in a
population[9, 12].

The Hispanic population presents a unique opportunity to study cancer burden because they
share similar immigration experiences and have cultural commonalities, but also have key
behavioral differences between them that can highlight the severity of important cancer risk
factors[5]. While few studies of this kind have been done, they have shown that cancer
burden is heterogeneous across Hispanic groups in specific states such as Florida[13], and
California[25]. However, none of the existing studies report mortality trends over time by
disaggregated Hispanic ethnicity. The goal of this paper is to report specific Hispanic cancer
mortality rates and 10-year mortality trends for the first time at a national level.
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MATERIALS AND METHODS

We obtained death certificate information (cause of death, age of death, sex, and race/
ethnicity) from the National Center for Health Statistic (NCHS) from 2003-2012. All cancer
deaths from this time period, for all ages, were identified by the “Underlying cause of death”
which was coded by NCHS using International Classification of Diseases, 10th revision
(ICD-10; specific codes provided in Supplementary Table 1). We chose 10 cancer sites based
on their overall contribution to Hispanic mortality burden: lung, female breast, liver,
colorectal, prostate, pancreas, ovary, stomach, leukemia, and Non-Hodgkin Lymphoma
(NHL)[3] . Statistics for “all cancer sites” include all other cancer sites in addition to the top
10.

The study population included 243,777 Hispanic decedents, of all races, who were identified
on their death certificate as Mexican, Puerto Rican, Cuban, and Central or South American
and 4,579,559 non-Hispanic White (NHW) decedents who were included as the reference
group. Statistics calculated for the “All Hispanic” group (N=287,218) are an aggregate of
the four specific Hispanic groups as well as those who identified as “Other Hispanic”.

Statistical Analysis

Annual population denominator counts were estimated using linear interpolation and
extrapolation based on age-specific population data from the 2000 and 2010 U.S. Census.
Annual counts were then summed to determine total person-years for 10-year study period.
Using decedent counts by sex, Hispanic group and cancer site, we estimated potential years
of lives lost (PYLL), proportional cancer mortality, and age-adjusted mortality rates
(AMRs). We then fitted regression models for trends in annual cancer-related mortality over
the 10-year period also by sex, Hispanic group, and cancer site.

PYLL measures the impact of cancer on the potential duration of life that individuals of the
given population should have, on average, in absence of death from the index cause (i.e.,
site-specific cancer). We calculated PYLL with respect to a fixed age limit, based on
benchmarks for life expectancy of NHWSs and Hispanics obtained from a report from the
Center for Disease Control (CDC)[14]. For NHWSs, age 81 was used as a benchmark for
females, and age 76 for males. For Hispanics, age 83 was used for females, and 78 for
males. The PYLL per sex and Hispanic group (for all cancer deaths) was calculated as:

PYLL = Z d(h-a)
a, <h

where /£ is the fixed age limit (as defined above) and a, is the average age of death in each 5-
year age group, and d, is the total number of deaths in the 5-year age group [15]. We report
the crude PYLL as a rate per 1,000 person-years, where the denominator is the size of the
underlying population that gave rise to the premature deaths and we also standardized this
rate to the 2000 U.S. population age distribution to account for differing age distributions of
the study populations.
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Proportional cancer mortality, AMR, and SMR were calculated and stratified by cancer site,
sex, and Hispanic group. The site-specific proportion of all cancer deaths was used to
determine proportional cancer mortality. AMRs and 95% confidence intervals were
calculated as deaths per 100,000 for the duration of the study period and directly
standardized to the age distribution of the 2000 U.S. population. AMRs are comparable
across Hispanic groups and cancer sites. SMRs were indirectly standardized by dividing the
stratum-specific deaths in by the expected number of deaths (i.e., the death count for the
NHW reference population). SMRs can only be compared within groups, not across groups,
because they are not re-weighted by a standard distribution.

We used Joinpoint regression analysis to model cancer-related mortality trends [16].
Joinpoint analysis is used to determine if multiple “best fit” line segments of differing rates,
created utilizing a Monte Carlo permutation method, are better at describing a trend rather
than a single-best fit line segment. If a significant change in trend is detected (P<0.05) a
“joinpoint™ is created that connects the segments of differing rates and signifies the year that
the change in trend occurred. A maximum of one joinpoint was allowed due to the limited
time period examined in this analysis, meaning one cancer mortality trend is limited to two-
line segments if a significant change in trend occurred over the 10-year period. The
estimated annual percent change (APC) was used to test the statistical significance of trends
after line segments were established. PROC STDRATE in SAS version 9.4 (SAS Institute)
were used to calculate direct AMRs, indirect SMRs, and adjusted PYLL rates. Trend models
were fit using SEER JoinPoint software [17] and all figures were created using Microsoft
Excel.

RESULTS

Top Cancer Sites

The top sites of cancer deaths ranked as proportion of all cancers (Table 1; Figure 1) among
NHW males were: lung (30.8%), prostrate (9.2%), colorectal (8.9%), pancreas (5.9%), and
leukemia (4.4%). Our disaggregated analysis of Hispanic cancer mortality revealed
heterogeneity among Hispanic males after lung cancer, which was found to be the leading
cause of cancer death in all groups. For Mexican males, these rankings were: lung (19.3%),
colorectal (10.5%), liver (10.1%), prostate (9.4%), and pancreas (6.4%). For Cuban males:
lung (28.6%), prostate (11.6%), colorectal (10.9%), pancreas (6.4%), and liver (4.3%). For
Puerto Rican males: lung (20.9%), liver (11.2%), colorectal (10.7%), prostate (8.7%), and
pancreas (5.7%). And for Central or South American males: lung (14.7%), prostate (9.9%)
colorectal (9.2%), stomach (9.1%), and liver (7.2%).

The rankings of top five sites of cancer mortality for NWH females were lung (27.3%),
breast (14.6%), colorectal (9.4%), pancreas (6.3%), and ovary (5.5%). In contrast to the male
findings, the top 5 sites among Hispanic females were mostly homogenous. The ranking
(ranges) were breast (15.1%-16.4%), lung (10.6%-15.5%), colorectal (8.4%-13.4%),
pancreas (6.3%—7.8%) and ovary (5.0%-5.8%). One exception was for Central or South
American females who had stomach cancer (7.1%) in the fifth ranking rather than ovarian
cancer.
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Potential Years of Life Lost

Crude and adjusted PYLL’s by sex and Hispanic group are provided in Table 2. NHWs had
the highest count of premature cancer deaths and age-adjusted PYLL rates (Male 16.5,
Female 19.6). Puerto Ricans and Mexicans had the highest rate of age-adjusted PYLL
among female Hispanics (15.7 and 15.1, respectively). Among male Hispanics, Puerto
Ricans and Cubans had the highest age-adjusted PYLL rates (Puerto Rican, 16.5; Cuban
15.0).

Age-Adjusted Rates and Trend Models

Rates of cancer mortality from any site for NHWs was 220.42/100,000 person-years (males)
and 157.33/100,000 person-years (females). Hispanics (as an aggregated group) die from
cancer of any site at about 70% the rate of NHWs (Table 3). Among Hispanics, Puerto
Ricans (male AMR: 179.73/100,000 person-years 95% CI: 176.92-182.54; female AMR:
111.41/100,000 person-years 95% ClI: 109.64-113.17) had the highest overall cancer
mortality. Central and South Americans have the lowest overall cancer mortality rates (male
AMR: 91.19/100,000 person-years 95% Cl: 89.09-93.29; female AMR: 69.72/100,000
person years 95% CI: 68.42-71.01). Trend analyses (Figure 2a-i and Figure 3a-j) revealed
that all ethnicity-specific Hispanic mortality rates of cancer at any site are stable or
decreasing, but rates of liver cancer are increasing for Hispanics (overall, males and
females). Annual percentage change results for the trend models are included in the
Supplementary Tables 2 and 3.

Cancers of the Digestive Tract

Liver cancer was ranked among the top 5 causes of cancer-related deaths for Mexican,
Puerto Rican, and Central or South American males, but was not a top ranked cancer for
NHWs. . In both males and females, the highest liver cancer mortality in comparison to
NHWSs were among Puerto Ricans (male SMR, 2.51; 95% Cl, 2.41-2.62; female SMR, 1.67;
95% ClI, 1.54-1.79). Trends in liver cancer death rates among males have been increasing
for all Hispanic groups except for Cubans and Central or South Americans with the highest
increase in Puerto Ricans (Puerto Rican APC, 3.5; 95% Cl, 1.8-5.3; Mexican, 2.2; 95% Cl,
1.2-3.2; all Hispanic, 2.5; 95% ClI, 1.9-3.1; NHW APC, 3.1; 95% ClI, 2.7-3.1;). Among
females, increased liver cancer mortality trends were observed in Puerto Ricans and all
Hispanics combined (Puerto Rican APC, 2.4; 95% ClI, 0.4-4.5; all Hispanic APC, 1.7; 95%
Cl, 0.6-2.8).

Colorectal cancer ranked among the top 5 causes of cancer deaths for the entire population.
However, Hispanics have lower colorectal cancer deaths than NHWSs with the lowest rates
for Mexican and Central or South Americans (male Mexican AMR, 15.90; 95% CI, 15.49-
16.23; male Central or South AMR, 7.81; 95% ClI, 7.22-8.41; female Mexican AMR, 9.70;
95% Cl, 9.45-9.95; female Central or South AMR, 6.16; 95% ClI, 5.77-6.56).

Stomach cancer ranked among the top 5 cancer deaths for Central or South Americans.
However, AMRs were at least twice as high in all Hispanic groups apart from Cubans. The
highest stomach cancer mortality rates were among Mexicans (male AMR, 8.15; 95% ClI,
7.89-8.42; female AMR, 2.62; 95% Cl, 2.53-2.71). Cubans had the lowest stomach cancer
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mortality that largely resembled NHWs (male SMR, 1.16; 95% Cl, 1.05-1.27); female
SMR, 1.04; 95% CI; 0.91-1.17). Trends in stomach cancer mortality are stable or decreasing
for all populations.

Overall, pancreatic cancer mortality is lower in all Hispanic groups compared to NHWs,
with the lowest mortality observed in Central or South Americans (male SMR 0.46; 95% ClI,
0.42-0.49; female SMR, 0.56; 95% CI, 0.53-0.60). Among males, trends in pancreatic
cancer have been increasing for NHWs and Mexicans (NHWs APC, 0.80; 95% CI, 0.50-1.0;
Mexican APC, 1.1; 95% ClI, 0.0-2.2). Female pancreatic cancer mortality is also increasing
for NHWs and all Hispanics combined (NHWs APC, 0.70; 95% CI, 0.50-0.90; all Hispanic
APC, 0.70; 95% Cl, 0.0-1.4).

Lung Cancer

Lung cancer was the leading cause of cancer-related deaths in male and female NHWs, and
for Hispanic males and the second leading cause of cancer-related deaths in Hispanic
females. Lung cancer caused about 30% of cancer deaths among male NHWs and male
Cubans (Figure 1). With the exception of Cubans, all Hispanic groups have about half the
lung cancer mortality compared to NHWs. Among males, Central or South Americans and
Mexicans had the lowest lung cancer mortality when compared to NHWs (Central or South
SMR, 0.20; 95% CI, 0.10-0.21; Mexican SMR, 0.41; 95% Cl, 0.40-0.42). Lung cancer
mortality trends for men were significantly decreasing for all populations starting in 2005,
but stable or increasing across all years for females.

Female Breast and Ovarian Cancer

Breast cancer was the leading cause of death in Hispanic females accounting for about 16%
of all cancer deaths and the second leading cause of death in NHWs (15% of deaths).
Overall, female Hispanics had lower cancer deaths than NHWSs. Cubans had the highest
rates of breast cancer mortality among the Hispanic groups (AMR, 17.56; 95% Cl, 16.78—
18.34) while Central or South Americans had the lowest (AMR, 9.11; 95% CI, 8.67-9.54).
For most groups, breast cancer mortality trends were stable or decreasing.

For all females, ovarian cancer accounted for 5% to 7% of cancer deaths. Hispanic ovarian
cancer mortality rates were lower than NHWs for all Hispanic groups with Central or South
Americans reporting the lowest ovarian cancer mortality rates (AMR, 4.10; 95 % ClI, 3.79-
4.40). Ovarian cancer mortality trends were stable or decreasing for all populations.

Non-Hodgkin Lymphoma (NHL) and Leukemia

All Hispanics overall had lower NHL cancer mortality than NHWSs (All Hispanic male
SMR, 0.78; 95% CI, 0.76-0.80; All Hispanic female SMR, 0.83; 95% CI, 0.81-0.85). Most
Hispanic groups reported similar NHL cancer mortality rates, though Central or South
Americans had the lowest NHL mortality rates (male AMR, 4.97; 95% Cl, 4.49-5.45;
female AMR, 3.49; 95% Cl, 3.19-3.79).

Leukemia mortality was homogenous across Hispanic groups and compared to NHWs (All
Hispanic male SMR, 0.74; 95% CI, 0.72-0.76; All Hispanic female SMR, 0.80; 95% ClI,

Cancer Epidemiol Biomarkers Prev. Author manuscript; available in PMC 2020 August 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Zamoraet al. Page 7

0.78-0.82). Among Hispanics, Cubans had the highest leukemia mortality rates (male AMR,
7.07; 95% ClI, 6.52-7.62; female AMR, 4.54; 95% CI, 4.15-4.94) while Central or South
Americans had the lowest (male AMR, 4.81; 95% Cl, 4.36-5.27; female AMR, 3.12; 95%
Cl, 2.86-3.39).

Prostate

Prostate cancer mortality rates were homogenous across all Hispanic groups and overall
lower than NHWs (All Hispanic SMR, 0.89; 95% ClI, 0.88-0.91). Cubans have the highest
rates of prostate cancer deaths (AMR, 21.51; 95% Cl, 20.54-22.47), though these were still
similar to NHWSs (SMR, 1.0; 95% ClI, 0.95-1.04). Central or South Americans had the
lowest prostate cancer mortality rates (AMR, 4.97; 95% Cl, 4.49-5.45). Trend analysis
shows that prostate cancer was stable or decreasing for all Hispanic populations.

DISCUSSION

This is the first study to describe trends in cancer mortality by specific Hispanic group for
the leading 10 causes of cancer deaths nationwide. Consistent with reports from the
American Cancer Society and Pinheiro, our results confirmed that for most cancer sites,
mortality rates were lower in aggregate Hispanics when compared to NHWSs[3, 18] . All-
cause cancer mortality rates for aggregate Hispanics were about one-third that of NHWs. We
also observed that most cancer mortality trends are declining in both males and females.
Liver cancer mortality is a notable exception as mortality trends are increasing for most
Hispanic populations. The disaggregation of cancer mortality showed distinct heterogeneity
for all cancers and most site-specific cancers across all Hispanic groups.

The decreased cancer burden observed in Hispanics remains surprising due to the increased
health disparities Hispanics face in comparison to NHWSs. This phenomenon is known as the
Hispanic Paradox and has been well characterized in other studies[19, 20] . The
phenomenon is not limited to cancer mortality and has also been seen in cardiovascular
disease (CVD) mortality as well[21]. Explanations for the Hispanic paradox include the
immigration of healthier individuals into the U.S., the out migration of ill individuals to their
country of origin, i.e., the Salmon bias, and (for incidence studies) data linkage errors in
cancer registries[22] . However, none of these explanations fully account for the cancer
mortality advantage seen in Hispanics[23, 24]. A recent study analyzing Hispanic groups in
Texas and California suggests that the advantage may be driven by low cancer mortality
rates among foreign born Hispanics[25].

In line with other findings, we found that Hispanics were disproportionately affected by
cancers related to infectious agents though our study showed that mortality burden of these
cancers differ by Hispanic group[26]. Liver cancer mortality disproportionately affects
Hispanics and the disaggregated analysis showed that Puerto Ricans and Mexicans drive
most of this disproportionality among males. Indeed, Pinheiro, et al. recently reported four-
fold increases in Puerto Rican liver cancer mortality compared to NHWSs in New York
State[27]. This disparity may be driven by lower SES, higher body mass index (BMI) and
alcohol consumption seen in these two Hispanic groups[10, 28, 29]. These higher mortality
trends may indicate a need for culturally tailored programs for alcohol addiction and weight
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loss. Previous studies have shown a need for substance abuse research and intervention
studies conducted with attention to heterogeneity among Hispanic groups [29-31]. The
increases in liver cancer deaths may also indicate a need to prioritize Hepatitis C (HCV)
screening and Hepatitis B (HBV) vaccination. HCV is estimated to cause over 50% of all
liver cancer incidents and one study reported a 17-fold increase risk for liver cancer among
HCV-infected patients[7, 32]. HCV exposure also varies significantly among Hispanic
populations, with the highest prevalence in Puerto Ricans, 11.6%, while the exposure among
Central or South Americans is as low as 0.4%][33]. Cuba has a high rate of HBV vaccination
(99% of children), which may mitigate liver cancer mortality as 15% of liver cancer
incidence is attributed to HBV infection [7, 34]. Our trend analyses also show that liver
cancer mortality has been significantly increasing for all Puerto Rican and Mexican men, but
have remained stable for Mexican women, Cubans, and Central or South Americans.

The higher stomach cancer mortality seen in Central and South Americans, Mexicans, and
Puerto Ricans may be associated with increased H. Pylori infection seen in the Hispanic
populations[35] . Though male stomach cancer mortality trends are declining in NHWs, the
mortality trends for Mexicans, Puerto Ricans, and Cubans are stable. Incident cases of
stomach cancer, primarily among young Hispanic men, have also been recently
increasing[36]. The combination of stable mortality rates and increasing incident stomach
cancer warrant an increased need for screening programs especially among the
aforementioned young male populations.

Other studies have confirmed that CRC incidence and mortality have been decreasing since
1998 and this has mainly been attributed to screening guidelines[37, 38]. We found that
CRC mortality has been significantly decreasing for NHWs since 2002, but the trends in the
Hispanic populations appear to be decreasing at a smaller rate or remaining stable over time.
This may be due to a combination of lower CRC screening rates, higher BMI, and higher
prevalence of diabetes seen in Hispanics[4, 30, 39]. This is particularly concerning for
Puerto Rican and Cuban males as their CRC-related mortality rates appear to have surpassed
NHWs as of 2009. Increased CRC mortality in Puerto Rican and Cubans may be associated
with their higher acculturation to the U.S[18]. CRC incidence in young Hispanics is also
increasing in parts of the U.S.[40]. It is feared that continued adoption of U.S. health
behaviors will worsen diet and exercise practices in the Hispanic populations, potentially
increasing mortality rates if adherences to CRC screening guidelines are not
improved[40,41].

Breast cancer mortality is lower in Hispanic females than in NHWs. This mortality
advantage has been linked to higher parity, earlier age of childbirth, and higher prevalence of
breastfeeding seen in Hispanics[3, 41]. However, Hispanics are more likely to be negative
for estrogen and progesterone tumor receptors, making breast cancer treatment more
difficult than in NHWSs[43]. Though this likely worsens survival for Hispanics, it is
surprising that mortality is far lower. Nonsignificant differences in tumor receptor status
have been reported among Hispanics groups, with Puerto Ricans having the highest risk of
being double negative[43]. Nativity also plays a role in burden as foreign born Hispanics
have lower breast cancer than U.S born[25, 41]. Cubans and Puerto Ricans have the highest
rates of breast cancer mortality among the Hispanic population. This higher mortality has
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been linked to previously mentioned risks such as acculturation, alcohol consumption, and
BMI. In agreement with our findings, a study utilizing the National Health Interview Survey
to examine breast cancer risk similarly found heterogeneity by disaggregated Hispanic
population [41] .

Patterns of lung cancer mortality are lower in Hispanics overall when compared to NHWs.
Cuban males have the highest lung cancer mortality among Hispanics followed by Puerto
Ricans though mortality trends for all male groups are declining. Cubans and Puerto Ricans
report far higher smoking prevalence and daily cigarette use than the other Hispanic
groups[42]. This largely explains the increased lung cancer mortality they experience.
Increases use of tobacco and alcohol are indicators of acculturation to the U.S. This may
raise caution for the Mexican and Central or South Americans; as these groups increase their
time in the U.S. and their level of acculturation, trends in lung cancer mortality may also
increase. Our study reinforces that tobacco control efforts should be culturally targeted to
particularly reach Hispanics[42]. The variation of lung cancer deaths across the Hispanic
population also highlights the importance of disaggregated data. Results for the All Hispanic
group may reflect the highest rates, which are among Cubans, who are also among the
highest smokers across all Hispanic groups. Indeed, aggregation of Hispanics may hide the
true underlying trends and result in misleading interpretation for specific Hispanic groups.

Cancer profiles are also unsurprisingly different by sex, with females showing less cancer
mortality than males in all cancer combined and site specific cancers. This is a finding
common in most cancer studies and has been attributed to differences in behaviors such as
smoking, drinking, BMI, and more[3, 26, 42]. Our study offers a unique look at trends of
site specific cancer over the study period. A comparison of lung cancer mortality trends
among Hispanics shows that mortality trends for males are rapidly decreasing while
mortality trends for females have remained constant. This may be because men picked up
smoking behaviors before women so their male trends had time to peak and then decline.

Our PYLL analysis highlights the considerably younger age of cancer-related deaths among
the Hispanic groups, which may be worrisome considering that the PYLL is a measure of
social and economic loss from premature death[43]. Expressed as an age-adjusted rate,
PYLL’s are still higher among NHWSs, but the difference is not as dramatic as noted in the
AMR calculations, the latter being more heavily impacted by the mortality burden among
the elderly, non-working members of society. Since Hispanics are the largest minority
population in the U.S. and rapidly increasing in size, these impact measures could have
important economic and demographic implications for the U.S. overall.

Our study relies on death records which are subject to inaccurate recording race/ethnicity
which may lead to misclassification. However, studies have shown the recording of Hispanic
origin on death records is valid for mortality studies[13, 44]. Hispanic populations vary
geographically. States with fewer Hispanics and a lower Hispanic diversity are subject to
more misclassification as state medical officials may not be accustomed to accurately
recording the decedent’s specific Hispanic group [23]. Therefore, our statistics of mortality
at a national level may not be representative at a state level. There may also be
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misclassification introduced into the study from the combination of Central or South
Americans as these two groups carry their own heterogeneity and carry Dominican
misclassification. Denominator counts from census data may suffer from inaccuracies as
population counts are only recorded each decade and only account for those who respond
[45]. Our use of interpolation methods for estimating the population sizes from 2000-2010
and extrapolation methods after 2010 should improve the precision and accuracy of yearly
denominator counts. However, in both numerators (cancer deaths) and denominators
(populations), the amount of decedents classified as “other Hispanic” may also impact the
rates reported in this study. Nativity status was not considered in this study because the
numbers of U.S. born Hispanics are small for Cubans and Central or South Americans.
However, studies have shown there are significant differences between foreign-born and
U.S. born Hispanic cancer burden for most cancer sites[25, 46, 47]. The study also did not
account for racial differences between Hispanic Whites and Hispanic Blacks. Studies have
not adequately investigated Hispanic ethnicity due to the underreporting of black and mixed
Hispanics making this limitation an opportunity for innovative research. Benchmarks for the
calculation of PYLLs use Hispanics as a whole, while unknown differences in life
expectancy may exist between the distinct Hispanic groups. Lastly, ten years is a short
follow-up time though our trends give substantial insight on the long term trajectories of
cancer burden.

The results of our paper highlight the cancer burden of specific Hispanic groups. Future
studies are needed to determine the relative importance of the many potential and important
risk factors in driving cancer mortality in these specific Hispanic groups. A comprehensive
understanding of cancer burden is essential to guide our treatment and prevention strategies,
especially in Hispanics as they represent a heterogeneous and growing segment of the U.S.
population.
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Figure 1:

Cancer proportional mortality by detailed ethnicity and sex, 2003-2012. Proportional
mortality was determined by dividing site specific cancer deaths by total cancer deaths, by

sex and ethnicity.
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Figure 2:

Cancer mortality trends (men, 2003-2012). These trends were modeled using Joinpoint
regression of the age-adjusted annual morality rates by cancer site and ethnic group. A
maximum of two segments were allowed per stratum. Corresponding annual percentage
change results from the JoinPoint models are included in the Supplementary Tables 2 and 3.
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Cancer mortality trends (women, 2003-2012). These trends were modeled using Joinpoint
regression of the age-adjusted annual morality rates by cancer site and ethnic group. A
maximum of two segments were allowed per stratum. Corresponding annual percentage
change results from the JoinPoint models are included in the Supplementary Tables 2 and 3.
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