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Abstract Chinese is the largest Asian ethnic group in the USA with four million
individuals accounting for 23.1 % of the total Asian Americans and 1.3 % of the total
US population. Given its large population size and the long history of migration to
many countries throughout the world, Chinese immigrants are a valuable resource
for epidemiologic investigations of cancer and other diseases to identify
environmental and lifestyle risk factors and to understand the interactions between
genetics and environment in disease etiology. Using data from population-based
cancer registries, this chapter examines the sex-specific cancer incidence and
mortality rates of common cancers among Chinese Americans and their relative
risks as compared to whites or non-Hispanic (NH) whites. Comparisons of incidence
trends and age-specific patterns by cancer type between Chinese Americans and
Chinese in China are also provided. For most of the cancers examined, Chinese
Americans have lower incidence and mortality rates than the NH whites, but they
have substantially higher risk for nasopharyngeal, liver, and stomach cancers and
slightly higher risk of gallbladder cancer. Except for lung and colorectal cancer,
Chinese Americans display intermediate-risk level between the US whites and
Chinese in China. The cancer experience of Chinese Americans highlights the sig-
nificance of environmental and lifestyle factors in cancer development.
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History of Chinese Migration to the USA

Chinese immigration to the USA dates back to the 1820s, according to the official
US government records [1]. The first wave of a significant number of Chinese
immigrants to the USA arrived in California during the 1850s to join the Gold Rush
[2]. More came when the Central Pacific Railroad recruited large number of laborers
throughout the 1860s until the railroad’s completion in 1869. The number of Chinese
seeking permanent legal resident status rose from 32 in the 1840s to 133,139 in the
1870s [1]. The early Chinese immigrants were mostly young uneducated men from
the Guangdong province in southern China [3]. Demographic data on Chinese in the
USA have been collected since the 1860 US population census.

The Chinese Exclusion Act of 1882, as a result of increasing anti-Chinese racial
tension coupled with economic depression that started in 1873, effectively ended
the immigration of Chinese laborers. The number of Chinese in the USA gradually
decreased as many of the immigrants returned home or left for more hospitable
places. However, the repeal of the Chinese Exclusion Act of 1943 granted
naturalization rights to foreign-born Chinese and established an immigration quota
for China. The Immigration and Nationality Act of 1965 abolished racial
discrimination in immigration law, beginning a period of renewed Chinese
immigration to the USA. The economic reform and Open Door Policy adopted by
the Chinese government in the late 1970s resulted in record numbers of young well-
educated Chinese students coming to the USA seeking higher education. As the
Chinese economy grew, increasing numbers of Chinese emigrate to the USA
through business, investment, family reunification, and a variety of venues, besides
education. In addition to mainland China, Chinese immigrants may also originate
from Taiwan, Hong Kong, Macau, and other regions of the world.

According to the 2010 census, there were 3.5 million Chinese of single race and
0.5 million of multirace living in the USA [4]. Chinese is the largest detailed Asian
American group, accounting for 23.1 % of the total Asian Americans and 1.3 % of
the total US population. After Spanish, Chinese was the most widely spoken non-
English language in the country, with 2.9 million people speaking it at home in 2011
[5]. The number of Chinese speakers in the USA has more than quadrupled since
1980. Among the nation’s Chinese speakers, only 44 % reported speaking English
“very well.” The Chinese-speaking population was found heavily concentrated in
the New York, Los Angeles, and San Francisco metro areas [5]. The number of
Chinese speakers includes those speaking any of the many Chinese dialects, such as
Mandarin and Cantonese.

In comparison to other Asian Americans and the white population, Chinese
Americans generally have lower unemployment rate (4.4 % unemployment rate, as
compared to 5.2% for all Asians and 6.5 % for whites), higher median earnings
(median weekly earnings in 2013 of $1093, as compared to $987 for Asian Americans
and Pacific Islanders (AAPIs) and $865 for whites), higher levels of education
(56.8 % of age 25 and older are college graduate, as compared to 53.4 % of all Asians
and 31.9 % of whites), but also higher poverty rate (15.2% during 2000-2012, as
compared to 13.0 % for AAPIs and 13.6 % for whites) [6].
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History of Studying Cancer Among Chinese Americans

With its large population size and the long history of migration to many countries
throughout the world, Chinese immigrants have been recognized as a valuable
resource for epidemiologic investigations of cancer and other diseases to identify
environmental and behavioral risk factors and to understand the interactions between
genetics and environment in disease etiology.

The first systematic national study of cancer occurrence among Chinese
Americans was published by Smith and colleagues in 1956 using the cancer
mortality data of 1949—-1952 [7]. It documented the different cancer risk profiles of
Chinese in the USA as compared to the US whites, confirming findings from the
few analyses of clinical and autopsy materials reported prior to that time [8]. Studies
of cancer patterns among Chinese Americans in the 1950s and 1960s relied on
cancer mortality data that were collected consistently through vital statistics with
birthplace information of the deceased [7-9]. Those early mortality-based studies
were limited by the relatively small number of Chinese deaths in the older age
groups and showed the typical male dominance and origin of the early Chinese
migrants from southern China [10].

In contrast to cancer mortality data that capture deaths caused by a specific
cancer, cancer incidence data record new cases of cancer diagnosis in a given year.
Incidence data provide information that is not captured in mortality data. The
National Cancer Institute (NCI) conducted three National Cancer Surveys at three
points in time, 1937-1939, 1947-1948, and 1969-1971, providing estimates of
cancer incidence rates and establishing the field of modern cancer epidemiology
[11]. However, cancer incidence data were not systematically collected in the USA
until 1973 by the Surveillance, Epidemiology, and End Results (SEER) program
that was established by the NCI, as a result of the National Cancer Act of 1971 [12].
Information specific to cancer incidence among Chinese Americans was not
systematically available in a meaningful volume until the 1970s through the
population-based SEER registries.

The SEER program and its registries have consistently contributed data to the
international cancer statistical reports, such as Cancer Incidence in Five Continents
(CI5) series that provide internationally comparable cancer incidence information
among countries and populations of the world [13]. Although the SEER registries
collect detailed racial/ethnic information on cancer patients, the lack of official annual
population estimates with corresponding racial/ethnic classification limited the
examination of cancer risk specifically among Chinese and other disaggregated Asian
American ethnic groups in the SEER program as a whole. However, SEER registries
in San Francisco and Los Angeles have had long tradition in monitoring cancer inci-
dence among the large Chinese American communities in their catchment areas.

The SEER registry in Los Angeles, the Los Angeles Cancer Surveillance
Program (LACSP), is a population-based cancer registry established in 1972 at the
University of Southern California and joined the SEER in 1992. The LACSP is
located in the most populous and racially/ethnically diverse county in the country,
the Los Angeles County, California. According to the 2010 population census,
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nearly 0.4 million Chinese lived in the catchment area of LACSP consisting of 12 %
of the national total of Chinese Americans. LACSP is the only US registry that has
continuously contributed to CI5 cancer incidence data of Chinese and other Asian
Americans in Los Angeles, making the comparison of cancer incidence trends
between Asians living in the USA and elsewhere possible.

As a result of the growing Asian American population, the increasing interest in
and awareness of the heterogeneous cancer burdens among Asian subgroups; SEER
has made significant strides in developing necessary population estimates and
reporting cancer incidence and mortality statistics among the fast-growing AAPI
populations [14-16].

Data Sources and Methods

For this chapter, we utilized a variety of data sources to present a contemporary
overview of cancer risk patterns among Chinese Americans. These data sources
include recently published information based on SEER registry data, special data
files from SEER program, international cancer data in the CI5 series published by
the International Association of Cancer Registries (IACR), and up-to-date Chinese-
specific cancer information from the LACSP.

Previously Published SEER Data

Using SEER data of 14 registries from 1998 to 2002, Miller et al. (2008) reported
the age-adjusted (2000 US standard population) overall and cancer site-specific
incidence and mortality rates among specific AAPI populations in the USA in com-
parison with those of NH whites [14]. We extracted the Chinese-specific case counts
and age-adjusted rates by sex and cancer site, along with those of NH whites, and
compiled for incidence (Table 1) and mortality (Table 2). The cancer sites in each
table are sorted and ranked by the rates from high to low. We also calculated the rate

Table 1 Site-specific cancer incidence counts and age-adjusted (2000 US standard) rates and rate
ratios by sex among Chinese Americans and NH Whites, SEER registries, 1998-2002

Chinese American | NH White Incidence
Cases Rate Cases ‘ Rate Rate ratio
Men
All sites 9,175 348.8 649,731 587.0 0.6
Prostate 2,209 84.8 189,678 170.0 0.5
Colorectal 1,400 54.0 71,656 65.6 0.8
Lung 1,340 53.0 98,625 89.2 0.6
Liver 666 24.0 7,445 6.7 3.6
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Table 1 (continued)
Chinese American | NH White Incidence
Cases Rate Cases Rate Rate ratio
Stomach 461 18.3 10,797 9.9 1.8
Bladder 389 15.7 46,682 43.0 0.4
Non-Hodgkin’s Lymphoma 401 14.8 27,294 24.6 0.6
Pancreas 243 9.8 14,220 13.0 0.8
Nasopharynx 277 8.9 717 0.6 |14.8
Leukemia 231 8.7 18,718 17.3 0.5
Kidney 192 7.2 19,671 17.5 0.4
Oral 166 6.2 18,462 16.2 0.4
Esophagus 124 4.5 9,079 8.1 0.6
Brain and nervous system 123 4.3 9,893 8.9 0.5
Thyroid 96 3.2 4,996 4.3 0.7
Larynx 78 3.0 8,101 7.1 0.4
Myeloma 74 2.7 7,264 6.6 0.4
Testis 57 1.7 7,816 7.0 0.2
Hodgkin’s Lymphoma 40 1.3 3,833 3.5 0.4
Melanoma 35 1.2 32,981 29.3 0.0
Gallbladder 24 0.9 768 0.7 1.3
Women
All sites 8,817 270.4 617,158 448.5 0.6
Breast 2,652 77.6 195,231 145.2 0.5
Colorectal 1,257 40.2 70,298 47.6 0.8
Lung 923 29.7 83,387 59.0 0.5
Corpus uteri 406 12 35,224 26.0 0.5
Stomach 344 11.1 6,430 4.3 2.6
Thyroid 358 10.0 14,103 11.8 0.8
Ovary 335 10.0 20,736 15.3 0.7
Non-Hodgkin’s Lymphoma 316 10.0 24,177 17.2 0.6
Liver 258 8.2 3,689 2.6 32
Pancreas 209 6.8 14,520 9.8 0.7
Leukemia 188 5.9 13,800 10.0 0.6
Cervix uteri 193 5.6 9,930 8.1 0.7
Bladder 133 44 15,480 10.6 0.4
Kidney 126 4.0 11,787 8.5 0.5
Oral 119 3.6 8,996 6.5 0.6
Nasopharynx 125 3.5 315 0.2 | 175
Brain and nervous system 90 2.7 7911 6.2 0.4
Myeloma 76 2.5 5,986 4.1 0.6
Gallbladder 41 1.3 1,754 1.2 1.1
Esophagus 32 1.0 3,067 2.1 0.5
Melanoma 32 1.0 24,455 19.3 0.1
Hodgkin’s Lymphoma 22 0.7 3,348 2.9 0.2

Source of data: Miller AB et al., Cancer Causes Control 2008; 19:227-256. Appendix 1.
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Table 2 Site-specific cancer mortality counts and age-adjusted (2000 US standard) rates and rate
ratios by sex among Chinese Americans and NH Whites, SEER registries, 1998-2002

Chinese American NH White Mortality
Deaths Rate Deaths ‘ Rate Rate ratio
Men
All sites 5,807 167.8 349,031 241.3 0.7
Lung 1,603 47.0 106,623 72.2 0.7
Liver 761 20.3 9,091 6.1 3.3
Colorectal 657 19.5 35,261 24.6 0.8
Stomach 404 11.7 8,395 5.8 2.0
Prostate 292 10.4 37,137 27.7 0.4
Pancreas 291 8.5 18,399 12.6 0.7
Leukemia 216 6.1 15,119 10.6 0.6
Non-Hodgkin’s Lymphoma 205 6.0 15,368 10.6 0.6
Nasopharynx 192 4.5 383 0.3 15.0
Esophagus 134 3.8 11,536 7.7 0.5
Bladder 109 3.6 11,682 8.4 0.4
Kidney 102 2.9 9,135 6.2 0.5
Brain and nervous system 94 2.5 9,477 6.3 0.4
Oral 65 1.8 5,605 3.7 0.5
Myeloma 58 1.7 6,454 4.5 0.4
Larynx 33 0.9 3,316 2.2 0.4
Gallbladder 24 0.7 683 0.5 1.4
Melanoma 21 0.6 6,998 4.7 0.1
Women
All sites 4,537 107.7 341,117 171.7 0.6
Lung 984 23.8 87,084 44.5 0.5
Colorectal 524 12.8 36,430 17.3 0.7
Breast 564 12.3 53,534 27.8 0.4
Liver 308 7.4 5,546 2.7 2.7
Stomach 305 7.3 5,930 2.8 2.6
Pancreas 273 6.7 19,471 9.5 0.7
Ovary 229 5.2 18,962 9.8 0.5
Non-Hodgkin’s Lymphoma 172 4.1 14,024 6.8 0.6
Leukemia 132 3.1 12,132 6.0 0.5
Cervix uteri 93 2.2 4,206 2.4 0.9
Corpus uteri 89 2.1 8,368 4.2 0.5
Brain and nervous system 81 1.8 7,602 4.2 0.4
Kidney 63 1.6 5,611 2.8 0.6
Nasopharynx 65 14 245 0.1 14.0
Myeloma 49 1.2 5,948 2.9 0.4
Esophagus 45 1.1 3,766 1.8 0.6
Bladder 38 1.0 5,228 24 0.4
Oral 34 0.8 3,142 1.6 0.5
Gallbladder 28 0.7 1,675 0.8 0.9
Thyroid 20 0.5 917 0.5 1.0

Source of data: Miller AB et al., Cancer Causes Control 2008; 19:227-256. Appendix 2.
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ratio in each table of the Chinese rate in relation to that of the NH whites by cancer
site. In Fig. 1, we combined the rate ratios from Tables 1 and 2 by sex to illustrate
the differences or similarities in relative cancer risk between Chinese and NH whites
by cancer site using both incidence and mortality data.

Updated SEER Data

Using SEER data of 13 registries from 1990 to 2008, Gomez et al. (2013) published
the trends in age-adjusted (2000 US standard population) cancer incidence rates for
disaggregated Asian American subgroups, including Chinese and NH whites [15].
While they provided more recent data than Miller et al., it only included the top five
cancer sites in each Asian-American subgroup. Taking advantage of the availability
of the same database that produced the Gomez et al. report [17], for this chapter, we
calculated the age-adjusted (2000 US standard population) cancer incidence rates for
Chinese Americans during the period of 2004-2008 for the same cancer sites
included in the Miller et al. 2008 article by sex, along with those of NH whites for
comparison purposes. The results are shown in Table 3. The rate ratios showing the
relative risk of Chinese Americans in relation to NH whites are also provided in
Table 3. Because the Miller et al. 2008 study and Gomez et al. 2013 study included
different time periods and slightly different SEER registries, the incidence rates gen-
erated by the two databases are not directly comparable. Nonetheless, in Fig. 2, we
compared the incidence-based rate ratios from these two papers to examine any

changes in cancer risk patterns over time from 1998-2002 to 2004-2008.

To provide more recent cancer trends, we used recently released data from SEER
to update the cancer incidence rates published in the CI5 series for white population
in SEER nine registries, and data from LACSP for Chinese Americans in Los
Angeles County. We used the same 1960 world standard population, as used in CI5,
and extended the age-adjusted incidence rates to 2012 by sex, year, and cancer site,

in order to be compared with the trends data from China as published in CIS.

International Cancer Data

To provide a comparison of cancer risk between Chinese Americans and Chinese in
China, we utilized the data published in the CIS. The CI5 series of monographs are
results of long-standing collaboration between the International Agency for
Research on Cancer (IARC) and the IACR. The CI5 is published every 5 years and
is a valuable resource for cancer incidence around the world. The CI5 databases
provide access to detailed information on the incidence of cancer as recorded and
reported by cancer registries (regional or national) worldwide. The most recent CI5
Volume X covers the time period of 2003-2007, containing average age-specific
and age-adjusted (1960 world standard population) site-specific cancer incidence
rates by sex for each reporting registry/population [18]. CIS also offers online
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Fig.1 Comparison of incidence-based rate ratios and mortality-based rate ratios between Chinese
Americans and NH whites by cancer site and sex, 1998-2002 (as shown in Tables 1 and 2)
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Table 3 Site-specific cancer incidence counts and age-adjusted (2000 US standard) rates and rate

ratios by sex among Chinese Americans and NH Whites, SEER registries, 2004-2008

Chinese American NH White Incidence
Cases Rate Cases ‘ Rate Rate ratio
Men
All sites 10,705 320.9 572,704 560.2 0.6
Prostate 2,488 74.9 162,504 154.7 0.5
Lung and bronchus 1,678 52.0 74,729 74.0 0.7
Colon and rectum 1,410 42.1 54,752 54.0 0.8
Liver 845 24.1 8,301 7.7 3.1
Stomach 524 16.3 8,832 8.7 1.9
Urinary bladder 506 16.0 43,592 43.8 0.4
Non-Hodgkin Lymphoma 505 14.9 26,059 25.8 0.6
Oral cavity and pharynx 497 13.6 18,112 17.0 0.8
Pancreas 301 9.3 14,086 13.8 0.7
Kidney and renal pelvis 290 8.5 20,888 20.1 0.4
Leukemia 267 7.9 17,055 17.3 0.5
Nasopharynx 282 7.4 590 0.6 123
Esophagus 144 4.5 8,722 8.4 0.5
Brain and other nervous system 132 3.7 8,990 9.0 0.4
Thyroid 138 3.6 6,676 6.5 0.6
Myeloma 99 3.1 7,035 6.9 0.4
Larynx 58 1.8 6,050 5.8 0.3
Testis 71 1.7 6,834 7.5 0.2
Melanoma of the skin 43 1.2 37,884 37.1 0.0
Gallbladder 36 1.2 696 0.7 1.7
Hodgkin Lymphoma 34 1.0 3,446 3.6 0.3
Women
All Sites 11,103 263.4 | 538,349 440.0 0.6
Breast 3,477 78.8 162,591 1353 0.6
Colon and rectum 1,447 35.7 53,352 40.6 0.9
Lung and bronchus 1,207 29.9 72,103 56.6 0.5
Corpus uteri 621 14.3 32,452 26.3 0.5
Thyroid 549 12.2 18,712 18.2 0.7
Non-Hodgkin Lymphoma 387 9.4 21,939 17.5 0.5
Stomach 366 9.1 5,058 3.8 2.4
Ovary 352 8.0 17,035 13.9 0.6
Liver 311 7.8 2,898 2.3 34
Pancreas 289 7.3 14,013 10.5 0.7
Oral cavity and pharynx 245 5.7 8,119 6.6 | 09
Leukemia 214 53 12,586 10.3 0.5
Kidney and renal pelvis 200 4.9 12,288 10.0 0.5
Cervix uteri 209 4.6 6,968 6.8 0.7
Urinary bladder 169 4.3 13,895 10.5 0.4

(continued)
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Table 3 (continued)

Chinese American NH White Incidence

Cases Rate Cases Rate Rate ratio
Nasopharynx 127 2.8 289 0.2 14.0
Brain and other nervous system 104 2.5 7,006 6.3 0.4
Myeloma 77 1.9 5,249 4.0 0.5
Gallbladder 49 1.2 1,515 1.1 1.1
Esophagus 48 1.2 2,576 2.0 0.6
Melanoma of the skin 43 1.0 27,020 24.3 0.0
Hodgkin Lymphoma 34 0.8 2,996 3.1 0.3

Source of data: Surveillance, Epidemiology, and End Results (SEER) Program (www.seer.cancer.
gov) SEER*Stat Database: Incidence—SEER 11, plus Greater CA and NJ, Nov 2010 Sub (1990-
2008) detailed API plus White Non-Hispanic—projected from populations, National Cancer
Institute, DCCPS, Surveillance Research Program, Cancer Statistics Branch, released June 2011
(updated 10/28/2011), based on the November 2010 submission

analysis tools, CI5plus, for time trends up to 2007 and age-specific curves by time
period for selected cancer registries/populations [19]. The LACSP is the only US
registry that has consistently reported Chinese American cancer information to CIS
and thus included in the CI5Splus. Among the three Chinese cancer registries included
in CI5plus, we chose as a comparison the data from China’s Shanghai registry for
its long history of participation in CIS, large population size, representativeness of
urban China, and high-quality data.

We downloaded from CI5plus the China-Shanghai registry annual age-adjusted
(1960 world standard population) incidence rates by sex and cancer site for 1988—
2007, in order to be compared with current data for whites from SEER (nine regis-
tries) and Chinese Americans from LACSP (Figs. 3 and 4). Figures 3 and 4 contain
the comparisons of age-specific incidence rates by sex and cancer site for 2003—
2007 between Chinese in Los Angeles and Chinese in Shanghai with reference to
US whites, as downloaded from the CISplus online analysis tool.

Cancer Incidence and Mortality Patterns Among Chinese
Americans

Overview

Chinese Americans, as compared to NH whites, have lower risk in both cancer inci-
dence (Tables 1 and 3) and mortality (Table 2) for all cancers combined and for
many specific cancer sites, regardless of sex. However, their risk for cancers of the
nasopharynx, liver, and stomach is noticeably much higher than the NH whites. The
relative risk patterns by cancer site between Chinese Americans and NH whites are
quite similar in either incidence or mortality data (Fig. 1).
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Fig. 2 Comparison of incidence-based rate ratios between Chinese Americans and NH whites by
cancer site and sex over time, 1998-2002 vs. 2004-2008 (as shown in Tables 1 and 3)
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Incidence

According to the data published by Miller et al. (2008) for 19982002 (Table 1) using
SEER registry data [14], the age-adjusted (2000 US standard population) incidence
rate (AAIR) among Chinese Americans for all sites combined was 348.8/100,000 in
men and 270.4/100,000 in women, about 40 % lower than the AAIR of NH white
men or women. The top three most common cancer sites among Chinese-American
men were cancers of the prostate, colon and rectum, and lung and bronchus, which
was similar to NH white men but with 20-50 % lower AAIRs. The most common
cancer among Chinese-American women was breast, followed by colon and rectum
and lung. As in men, Chinese-American women also share the same top three most
common cancer sites with their NH white counterparts, but with lower risk (50 %
lower for breast, 20 % lower for colorectal, and 50 % lower for lung).

In contrast, Chinese Americans had higher AAIRs than NH whites for nasopha-
ryngeal cancer (NPC) (14.8 times in men and 17.5 times in women), liver cancer
(3.6 times in men and 3.2 times in women), stomach cancer (1.8 times in men and
2.6 times in women), and gallbladder cancer (1.3 times in men and 1.1 times in
women) (Table 1).

More recent SEER data for Chinese Americans during 2004—2008 showed slight
decrease in AAIR overall and some changes in site-specific AAIRs (either increasing
or decreasing) (Table 3). But due to the differences in cancer and population data
between the two different studies, the AAIR estimates are not directly comparable.
However, the rate ratios between Chinese Americans and NH whites by sex and
cancer site for 2004-2008 reveal very similar patterns as for 1998-2002 (Fig. 2).

Mortality

Cancer of the lung and bronchus is the deadliest for both Chinese Americans and
NH whites in both men and women (Table 2), but the age-adjusted (2000 US stan-
dard population) mortality rate (AAMR) among Chinese-American men
(47.0/100,000) is about 30% lower than the rate among NH white men
(72.2/100,000), while the AAMR for Chinese-American women (23.8/100,000) is
about 50 % lower than that of the NH white women (44.5/100,000). Similar to NH
whites, colorectal, prostate, and breast are among the top five most common causes
of cancer deaths in Chinese-Americans. Unlike NH whites, liver and stomach can-
cer rank among the top five cancers with higher cancer mortality among Chinese-
Americans regardless of sex.

Similar to cancer incidence, as compared to NH whites, Chinese Americans have
higher mortality due to nasopharyngeal cancer (15.0 times in men and 14.0 in
women), liver cancer (3.3 times in men and 2.7 times in women), stomach cancer
(2.0 times in men and 2.6 times in women), and gallbladder cancer (1.4 times in
men and 0.9 times in women). For the remaining cancer sites, as well as for all can-
cer sites combined, Chinese Americans have markedly lower AAMR than NH
whites.
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The sex-site-specific rate ratios in Chinese Americans relative to NH whites
based on incidence closely resemble those based on mortality (Fig. 1).

Incidence Trends and Age Patterns

In the following, we examine the age-adjusted (1960 world standard population)
incidence trends and age-specific incidence patterns for the top three most common
cancers in Chinese Americans, as well as cancers that show higher risk among
Chinese Americans than US whites.

Breast Cancer

Breast cancer is the most commonly diagnosed cancer among Chinese-American
women (Table 3). Incidence rate among Chinese in LA has been rising since the
1980s (Fig. 4a); current rates are 60 % of that of the US white women. Rates in
Chinese-American women are intermediate across age groups as compared to
women in Shanghai and US white women. The differences in rates are particularly
pronounced in postmenopausal years. Unlike US whites, breast cancer incidence
among Chinese Americans plateaued after menopause, similar to the pattern in
Shanghai (Fig. 6a).

Increasing breast cancer risk among Chinese-American women has been reported
previously [14, 15, 20, 21]. Acculturation and adoption of Western lifestyles among
immigrant Chinese and in many developing countries including China are likely to
explain the rising incidence [22-25]. Specifically, the fall in number of births, low
physical activity level, and obesity were results of urbanization and westernization
that are directly linked with the increase in breast cancer risk in China in recent
decades [25-27]. The much higher incidence rates for postmenopausal than
premenopausal breast cancer among Chinese in LA as compared to Chinese in
Shanghai point to the stronger impact of environmental changes associated with
immigration and acculturation on postmenopausal disease and support the
suggestion that postmenopausal breast cancer risk is modifiable [28-30].

Prostate Cancer

Prostate cancer is the most common cancer diagnosed in Chinese-American men
(Table 3). The incidence trend for Chinese men in LA rose throughout the 1990s and
peaked around 2003 before the subsequent downward trend started around 2012
returning to the incidence level observed in the 1980s (Fig. 3a). These changes are
clearly associated with the FDA approval of the PSA testing in 1986 and subsequent
widespread PSA screening for prostate cancer [32]. However, there was about a
10-year delay in the rise and peaking of the incidence rate among Chinese men in LA
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as compared to the rates of white men which rose sharply since 1986 and peaked
around 2002. Chinese men in Shanghai experienced a steady increasing trend in pros-
tate cancer incidence starting in late 1990. The rise in prostate cancer risk occurred at
slightly different ages; rates markedly increased around ages 4549 among Chinese
men in LA, compared to ages 40—45 for white men and ages 55-59 for Chinese men
in Shanghai (Fig. 5a). While prostate cancer incidence was highest and peaked at ages
70-74 and then declined in US white men, rates among Chinese men in LA continue
to increase with increasing age and surpassed the risk in white men at ages 85+.

The higher prostate cancer risk among Chinese men in LA as compared to
Chinese men in Shanghai may be explained, in part, by more widespread PSA
screening in the USA [31-33]. Although Western diet (i.e., high calcium, processed
meat, milk, and dairy products) has been linked with increased prostate cancer risk
[34], while consumption of green tea and soy foods has been associated with
decreased prostate cancer risk [35, 36], the evidence for a role of dietary factors in
explaining east-west differences in incidence is weak. The consistently lower
incidence rate in Chinese American men as compared to white men likely underlines
the genetic and etiologic differences between the two populations [37—41].

Lung Cancer

Lung cancer is the second most common cancer among Chinese-American men and
third most common cancer among Chinese-American women (Table 3). Lung can-
cer incidence is lower among Chinese men in LA compared to US white men and
Chinese men in Shanghai; all share a similar declining trend in incidence rate (Fig.
3b). Lung cancer risk was lower in Chinese men in LA than US white men across
all ages, particularly after age 60 (Fig. 5b). Chinese women in LA and those in
Shanghai have comparable rates, which are about half of that of US white women.
Rates in all three groups are beginning to decrease (Fig. 4b). The age-specific lung
cancer incidence rates are also similar between Chinese women in LA and their
counterparts in Shanghai, which are lower than those of US white women, until
around 80 years of age (Fig. 6b).

Prevalence of current smokers is low among Chinese Americans with 16.1 % in
men and 4.9 % in women, compared to 40.0 % and 26.6 % in US white men and
women [42]. Acculturation appeared to have opposite effects on smoking behaviors
in immigrant Asian men and women. Smoking rate tends to decrease with
acculturation among men but increase with acculturation among women [43], which
may partly explain the lower lung cancer risk among Chinese men in LA than
Chinese men in Shanghai and the comparable risk level among women between the
two locations. Lung cancer incidence in Chinese women appeared to be unusually
high given that most were never smokers [44-47]. Besides active smoking, other
risk factors, including secondhand smoking, environmental pollution, cooking
methods, diet, previous lung diseases, and reproductive and genetic factors, have
been implicated [48—57]. The complex risk patterns and disparate trends of lung
cancer among subpopulation groups warrant continued surveillance and research
among diverse populations [58, 59].
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Colorectal Cancer (CRC)

Cancer of the colon and rectum ranks third in Chinese-American men and second
among Chinese-American women (Table 3). Compared to NH whites, the risk of
developing CRC is about 20 % lower in Chinese-American men and 10 % lower in
Chinese-American women (Table 3). With the steady decline in CRC risk among
US whites since the 1980s, the risk difference between Chinese Americans and their
white counterparts is narrowing in recent years (Figs. 3c and 4c¢). Chinese in LA and
Shanghai and US whites displayed very similar age-specific risk patterns (Figs. Sc
and 6c¢).

Risk of CRC is strongly associated with familial and lifestyle factors [60—64].
Economic development and adoption of Western lifestyle have resulted in the rising
incidence of CRC and other cancers in China [65, 66]. Screening has been credited
as having considerable impact on the steady reduction in CRC incidence and
mortality in the USA since the late 1980s [67]. Differences in access to CRC screening
have contributed to the risk disparities among different population groups stratified
by racial and socioeconomic characteristics [68—70]. Chinese-Americans are known
to underutilize CRC screening [71-73]. Research has shown that education
programs specifically designed to address cultural characteristics can significantly
improve CRC screening among Chinese-Americans [74].

Stomach Cancer

Stomach cancer is one of the cancers that Chinese-Americans are at higher risk than
NH whites; this is particularly striking after age 70 (Figs. 5d and 6d). Chinese-
American men and women are 1.9-2.4 times more likely than NH whites to be
diagnosed with stomach cancer (Table 3). Stomach cancer incidence rates for
Chinese men in LA are about two-thirds lower than rates of Shanghai Chinese men
in recent years (Fig. 3d); these differences are observed across all age groups. Risk
patterns in women are similar to those in men. Rates in US whites as well as Chinese
in LA are declining steadily (Fig. 4d).

The effect of migration on stomach cancer risk reduction among Japanese
Americans has been well documented [75-77]. The much lower stomach cancer
risk among Chinese in LA than in Shanghai can largely be explained by the lower
prevalence of stomach cancer risk factors in the USA, such as Helicobacter pylori
(H. pylori) infection, tobacco consumption, and certain dietary patterns, as well as
better food preservation [78-85].

Liver Cancer

Compared to NH whites, liver cancer incidence is 3.1 times higher in Chinese-
American men and 3.4 times higher in Chinese-American women (Table 3). In both
sexes, the age-adjusted liver cancer risk for Chinese in LA is intermediate between
those of Chinese in Shanghai and US whites. In contrast to the clear steady declining



38 L. Liuetal.

incidence among Shanghai Chinese, risk trends appear to be on the rise among US
whites and stabilizing among Chinese in LA (Figs. 3e and 4e). Chinese in LA and
in Shanghai display almost identical age-specific liver cancer incidence rates that
are much higher than those of US whites across all ages, especially in older age
groups (Figs. Se and 6e).

Chronic infection with hepatitis B virus (HBV) causes more than half of liver
cancer cases worldwide [86, 87]. While HBV is rare (1 %) in NH whites, 11.5—
21.4% of Chinese Americans carry the virus [88-90]. HBV carriers have much
higher risk of developing liver cancer than noncarriers. HBV vaccination has proven
to be very effective in reducing liver cancer risk and contributed to the sustained
decline in liver cancer incidence around the world, especially in high-risk regions
including China [91]. However, studies have shown that knowledge of the
relationship between HBV and liver cancer and participation in HBV screening are
both low among Chinese-Americans. Over 50 % of Chinese Americans never had
HBYV test, and about one-third had been vaccinated [92-94]. There are other risk
factors of liver cancer including alcohol-related liver diseases, smoking, obesity,
diabetes, and infection with hepatitis C virus (HCV) [95-97]. Unlike HBV, currently,
there is no vaccination available for HCV. The increase in liver cancer incidence
rates among US whites is likely related to the increasing HCV infection in the
population [88, 98].

Nasopharyngeal Cancer (NPC)

NPC is a rare cancer worldwide. It ranks as 12th and 16th as the most common
cancer among Chinese-American men and women, respectively. However, the inci-
dence rates of NPC among Chinese Americans are 12.3 times higher than NH white
men and 14.0 times higher than NH white women (Table 3). Chinese men and
women in LA have higher incidence of NPC than both US whites and Chinese in
Shanghai, but their risk is lower than that of Chinese in Hong Kong. These risk
differentials likely reflect the striking high-risk patterns of NPC in China, particularly
in southern coastal China. Incidence of NPC in LA Chinese declined throughout the
1990s and appeared to have now stabilized (Figs. 3f and 4f). The age-specific NPC
incidence pattern in Chinese men in LA differs from that of US white men and
Chinese men in Shanghai, but resembles that of Chinese men in Hong Kong;
incidence peaks between ages 50 and 60. Interestingly, NPC risk appears to continue
to increase with age among Chinese women in LA (Figs. 5f and 6f).
Nasopharyngeal cancer is a prevalent disease in southern China, particularly
among the Cantonese living in Hong Kong and Guangdong province. Southern
Chinese who migrated to low-risk regions still retain a much higher incidence rate
compared to local populations [99-102]. But the risk seems to decrease with longer
duration of residence and with succeeding generations [103—-105]. Such decline in
risk may also be attributable to a mixture of Chinese immigrants originating from
high- as well as low-risk areas in China [100]. The incidence rates of NPC in China
and other high-risk regions have been declining in the past decades, which seem to
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be associated with rapid economic development in the regions [106-109]. Well-
established risk factors for NPC include Epstein-Barr virus (EBV), consumption of
salt-preserved fish (particularly during weaning) and vegetables, family history of
NPC, tobacco and alcohol consumption, and certain genotypes [99-102]. Despite
the strong indication that both environmental factors and genetic traits contribute to
the development of this cancer, understanding of its complex etiology is incom-
plete. Current strategies to reduce the risk of NPC include reducing the consump-
tion of salt-preserved fish and other preserved foods, smoking cessation, reduction
of alcohol use, and increase intake of fresh fruits and vegetables.

Gallbladder Cancer

Although generally considered a rare disease, gallbladder cancer has widely varied
risk patterns around the world. The incidence rates are low in the USA and most
Western and Mediterranean European countries, but high in Asia and Latin America
[13]. It is one of the four cancers that Chinese-Americans are at higher risk in inci-
dence than NH whites, more so in men (30 % higher) than in women (10 % higher)
(Table 1 and Fig. 1). Regardless of sex, Chinese in LA have much lower incidence
rates than Chinese in Shanghai, similar to the NH whites (Figs. 3g and 4g). While
incidence in China showed a notable decline in the beginning of the 2000s, it
remained relatively stable in the USA. Higher gallbladder cancer risk among
Chinese in Shanghai than US whites is consistent across age in both men and
women. Between ages 50 and 65, gallbladder cancer risk among Chinese men in LA
is comparable to that of Chinese men in Shanghai, higher than that of US white
men. The risk reduction for Chinese in LA, as compared to Chinese in Shanghai,
seems to occur after age 70 in both sexes (Figs. 5g and 6g).

The risk factors of gallbladder cancer include gallstone, chronic gallbladder
inflammation, gallbladder polyps, tobacco use, obesity, and diabetes [110-113]. A
family history of gallstone and other gallbladder diseases increases the risk of devel-
oping gallbladder cancer [114, 115]. Environmental exposures to heavy metals and
radon [116, 117] and a diet high in fried and oily foods have also been implicated in
gallbladder cancer incidence [118—120]. The progression of gallbladder cancer is
frequently rapid and silent, resulting in late diagnosis and dismal prognosis. Studying
the risk variation in different populations, especially immigrants from high-risk
regions, will aid identification of genetic and environmental risk factors, early detec-
tion, and development of primary prevention strategies to conquer this fatal disease.

Summary

Chinese-Americans demonstrate distinctive cancer risk patterns that are different
from the white or NH white population. Although for most of the cancers examined
Chinese-Americans have lower incidence and mortality rates than the NH whites,
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their risk for nasopharyngeal cancer, liver cancer, and stomach cancer is substan-
tially higher, in addition to their slightly higher risk of gallbladder cancer. Except
lung and colorectal cancer, Chinese Americans display intermediate-risk level
between the US whites and Chinese in China, highlighting the significance of envi-
ronmental and lifestyle factors in cancer development. Among Chinese-American
men, liver cancer incidence seems to be stabilizing. Among women, risk is climbing
for breast cancer, lung cancer, and even possibly liver cancer. Continued effort to
monitor the cancer trends and develop effective cancer control programs in this
special population is both necessary and important. The unique age-specific risk
patterns by cancer type among Chinese Americans may offer clues for generating
etiologic hypothesis. Focused research on specific racial/ethnic populations with
migration history is likely to offer new understanding and opportunities in the fight
against cancer.
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