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Abstract

Armenians, a growing ethnic minority population in the United States, have historically faced war, economic
instability, and persecution including the Armenian Genocide in the early 20™ century. In search of refuge,
many Armenians relocated to the United States and over time, California has become the state with the
largest population of Armenians. However, research on the population is limited due to the lack of accurate
Armenian population estimates, a standardized collection of Armenian ethnicity or an Armenian surname
list. Consequently, many Armenians are included in the ‘White’ or ‘Some Other Race’ race/ethnicity
categories in research studies despite possible differences in genetic and sociodemographic factors
affecting health patterns, including cancer incidence and survival. As cancer patterns specifically among
Armenians in California have remained unknown, the overall purpose of this dissertation was to fill this
research gap by constructing an Armenian Surname List (ASL) and using the ASL to identify and compare
cancer incidence, stage at diagnosis and survival between Armenian and non-Hispanic White (NHW)
patients in California.

In the first chapter, we extracted Armenian surnames from the Middle Eastern Surname List and
constructed the ASL using California death records from 1905 to 2020. We used NamSor, an onomastic
classification tool, to evaluate the ASL by ranking surname country of origin. In the second chapter, we
used the ASL and CCR birthplace information to identify Armenians with cancer and American Community
Survey data to identify the Armenian population in California. We then selected 10 most common cancers
among Armenian males and females and calculated age-adjusted and sex stratified proportional incidence
ratios (PIR) and incidence rate ratios (IRR) compared with NHW patients. In the third and final chapter, we
used the ASL and birthplace information in the CCR to compare late-stage at diagnosis and cause-specific
cancer survival for four tobacco-related cancers (stomach, lung, colorectal, and bladder) between Armenian
and NHW patients. We used Cox proportional hazards models to calculate cancer-specific survival and
logistic regression models to calculate odds of late-stage diagnoses.

In the first chapter, we constructed and evaluated the ASL and found that 81% of the 3,428 unique
surnames in the ASL had Armenia as the most or second-most likely country of origin. In the second

chapter, we identified Armenians (n=27,212) diagnosed with common cancers in California and found
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significant differences in cancer incidence compared to NHW patients. Among Armenian males, the 10
most frequent cancers were prostate, lung, colorectal, bladder, non-Hodgkin lymphoma (NHL), stomach,
leukemia, kidney, pancreas, and liver and intrahepatic bile duct (IBD). Among Armenian females, the 10
most frequent cancers were breast, colorectal, lung, uterine, NHL, thyroid, ovary, stomach, pancreas, and
leukemia. Among the 10 most frequent cancers, Armenian males had higher proportions of seven cancers
including stomach (PIR=2.39, 95% Cl=2.19-2.60), bladder (PIR=1.53, 95% CI=1.45-1.61), colorectal
(PIR=1.29, 95% CI=1.23-1.35), lung (PIR=1.16, 95% CI=1.11-1.21), leukemia (PIR=1.16, 95% CI=1.06-
1.26), liver and IBD (PIR=1.19, 95% CI=1.05-1.34), and kidney (PIR=1.11, 95% CI=1.01-1.21) cancers.
Armenian females also had higher proportions of seven cancers including stomach (PIR=3.24, 95%
Cl=2.93-3.57), thyroid (PIR=1.47, 95% CI=1.36-1.60), colorectal (PIR=1.29, 95% CI=1.23-1.35), pancreatic
(PIR=1.20, 95% CI=1.09-1.33), leukemia (PIR=1.20, 95% CI=1.08-1.32), NHL (PIR=1.15, 95% CI=1.05-
1.24), and ovarian (PIR=1.14, 95% CI=1.04-1.24) cancers. Exploratory IRR analyses showed higher
stomach (IRR=1.78, 95% CI=1.55-2.06), bladder (IRR=1.13, 95% CI=1.05-1.23), and colorectal (IRR=1.12,
95% CI=1.03-1.20) cancers among Armenian males and higher stomach (IRR=2.54, 95% Cl=2.15-2.99)
cancer among Armenian females. In the third chapter, we found higher odds of late-stage colorectal
(OR=1.12, 95% CI=1.03-1.22), lung (OR=1.26, 95% CI=1.12-1.42), and stomach (OR=1.43, 95% CI=1.17-
1.74) cancers diagnosed among Armenian patients compared to NHW patients, and a moderate survival
advantage of Armenian patients for stomach (HR=0.85, 95% CI=0.76-0.94), lung (HR=0.86, 95% CI=0.82-
0.91), colorectal (HR=0.82, 95% CI=0.77-0.88), and bladder (HR=0.87, 95% CI=0.76-0.99) cancers.
Among Armenian patients, we found that lower neighborhood socioeconomic status was associated with
late-stage stomach and bladder cancer diagnoses, and public health insurance was associated with late-
stage lung, colorectal, and bladder cancer diagnoses.

This dissertation project is the first to create an Armenian surname list, the ASL, that can be used
to identify Armenians in databases for epidemiological research and in other research fields concerning
Armenian populations. With the use of the ASL and CCR, we found that Armenian patients had higher
incidence of several common cancers, which may relate to risk factors including tobacco-use, obesity, and
exposure to harmful environmental agents. Our findings of a higher risk for late-stage diagnoses of

numerous tobacco-related cancers compared to NHW patients, and that Armenian patients with lower
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socioeconomic status and public health insurance had higher likelihood of late-stage diagnoses, reveal a
need for increased access to reliable health care and cancer screening. Our findings also show the need
for further research to address risk factors associated with specific cancers among Armenians and to
understand factors associated with the modest survival advantage observed among the Armenian patients
compared to NHW patients. Overall, this dissertation provides a new identification tool and data to inform

evidence-based cancer control efforts for the growing Armenian population in California.



Introduction

Understanding factors associated with adverse health outcomes among minority racial/ethnic populations
in the United States is important for informing health policies and distribution of resources to communities.!
Across the country, many race/ethnic minority groups have a history of trauma, institutional racism, political
instability, oppression, and other adversities that have a long-term impact on physical and mental health.2
Among immigrant populations, stressors often continue after resettlement in the form of social exclusion,
discrimination, and disconnection from their communities.? Long-term exposures to trauma and chronic
stress are linked to adverse mental and physical health outcomes, including depression, anxiety, feelings
of alienation, hopelessness, identity issues, diabetes, heart disease, and weight gain leading to various
obesity-related illnesses including cancer.®

For public health research to have a significant impact on the Armenian community outside of
Armenia, it is critical to understand the historical, cultural, and social context surrounding Armenian
communities in the United States. Many Armenians, a growing ethnic minority population in the United
States, have faced long-term trauma including persecution, torture, violence, and war prior to immigration.*°
While the first Armenians in America arrived in the early 1600s to pursue educational and vocational
opportunities, mass emigration from Armenia is historically believed to have begun in the late 1800s
following rising violence and persecution by the Ottoman Empire.* Following the Hamidian Massacres of
1895-1897 and the Armenian Genocide of 1915 that led to the extermination of an estimated 1.5 million
Armenians, many survivors forcibly fled their native land and settled as refugees around the world, primarily
in countries including Syria, Lebanon, Iran, Irag, Turkey, Egypt, Russia, France, and the United States.*¢-
9 Subsequent waves of emigration occurred after the Immigration and Nationality Act of 1965, the Jackson-
Vanik amendment (1974), the Lebanese Civil War (1975-1990), the Iranian Revolution (1979), the Iran-Iraq
War (1980-1988), the Baku and Sumgait Massacres (1988-1990), the collapse of the Soviet Union (1991),
and the subsequent economic crash of the Republic of Armenia beginning in 1992.27.1011 Additional
destabilization in the country followed after the 1988 Spitak Earthquake that killed 25,000, injured 100,000,

and displaced half a million people, and the 1988-1994 and 2020 Wars in Artsakh, also known as Nagorno-



Karabagh, with neighboring Azerbaijan.’> Most recently, Azerbaijan’s nine-month blockade of the Lachin
Corridor, the sole route of transport of medicine, food, fuel, and other necessary supplies from Armenia to
Artsakh, led to the United Nations declaration of humanitarian emergency in the region in August 2023 as
the population of an estimated 120,000 ethnic Armenians in Artsakh faced severe shortages of food and
medication.*® Despite international outcry for protection of Artsakh residents’ human rights, Azerbaijan
followed the blockade with a 24-hour military offensive on September 19, 2023, leading to the displacement
and mass exodus of the entirety of the Artsakh population from their native land of Artsakh to Armenia in
less than a month, and resulting in yet another humanitarian crisis as Armenia struggles to provide shelter
and permanent housing for Artsakh refugees.*4t’

As a result of these continued extreme hardships, thousands of Armenians relocated to the United
States due to involuntary immigration and many are refugees who face added stressors as they go through
the process of resettling in a new country.? The largest population of Armenians gradually shifted from the
eastern states of New York, Massachusetts, and Pennsylvania to settle in California and over time, the
majority of the population in California moved from residing primarily in Fresno to Los Angeles county,
creating large ethnic enclaves in the cities of Glendale, Pasadena, and Hollywood.” Today, approximately
40% of the population of Glendale is of Armenian descent, making the Armenian community a vital and
integral part of the city’s culture, economy, and government.”:18

Armenian communities in the diaspora have shown incredible resiliency through the process of
immigration and integration and have made notable contributions to their respective societies meanwhile
enriching and preserving their culture, heritage, language, and the Armenian Church.*® This resiliency has
shown through the experience of continued discrimination due to their Armenian identity in numerous forms
in host countries.” In Fresno, California, Armenians were regularly excluded from social activities and
country clubs, and faced housing discrimination as restrictive laws and discriminatory advertisements
promoted the protection of neighborhoods from ‘undesirables’, referring to racial/ethnic minority
populations, including Armenians.?° Discrimination against Armenians continues, with recent examples
including a major California bank’s discrimination against applicants of Armenian descent from 2015-2021,

a hate crime outside an Armenian church in Watertown, Massachusetts, in September 2023, and most



recently, a targeted violent attack using lethal weapons on Armenian bishops, priests, and deacons in
Jerusalem, Israel, on December 28, 2023.21-23

In Armenia, waves of emigration, a poorly funded healthcare system, and lack of a national cancer
registry have presented several challenges for epidemiologic surveillance of the population, including
cancer surveillance.®?*?> However, considerable progress has been made with the initiation of the first
population-based cancer registry in 2019 and recent public health efforts to reduce tobacco use.?%27 With
a population of nearly three million people, the cancer burden in Armenia is a significant cause of death
and has received considerable attention and resources in recent years by the Ministry of Health.?® Cancer
is the second leading cause of death in Armenia, and Armenia has the 17" highest cancer mortality rate in
the world.?®-%2 Lung, colorectal, breast, prostate, and stomach are the most common cancers, and lung
cancer has the highest mortality rate.3-35 Further, previous studies have found lower cancer survival in
Armenia compared to high-income countries, including the United States.*® Differences in survival may
relate to stage at diagnosis, as nearly half (49%) of all cancers in Armenia, and a majority of several
tobacco-related cancers including stomach (70%), lung (82%), and colorectal (56%), are diagnosed at late-
stage.3538 Tobacco-use, a leading carcinogen, is widespread with 28% of the population, 52% of men and
2% of women, being current smokers.?’” While cancer research and treatment have improved, many
Armenians struggle to receive timely cancer screening and are at risk for late-stage diagnoses.?

Despite Armenia’s geographic proximity to Middle-Eastern countries, and overlap of some cultural
and social traditions, similar adverse cancer patterns are not observed among its closest neighboring
countries, including Iran, Georgia, and Azerbaijan.?® Cancer risk factors, including tobacco-use, and
incidence and mortality rates for several cancers are higher in Armenia compared to surrounding
countries.323%49 Age-adjusted cancer incidence and mortality rates per 100,000 in Armenia are 201.6 and
116.7, respectively, compared to Georgia (197.5 and 111.7), Azerbaijan (152.3 and 93.2), Iran (149.0 and
96.5), and Iraq (136.6 and 84.4).%! Further, while Armenians have lived in the United States for hundreds
of years, public health and epidemiological research on the population is limited. Existing research studying
the Armenian population in the United States focuses on the prevalence and predictors of diabetes,
cardiovascular disease, hypertension, post-traumatic stress disorder, effects of relocation, and longitudinal

cohort studies following survivors of the 1988 Spitak Earthquake.>42



Cancer patterns among Armenians after immigration are unknown as Armenians have remained
unrepresented in public health research studies in the United States.*® According to the US Census, there
are approximately 470,000 Armenians living in the United States, of which more than half (259,430) reside
in California.** This is likely an underestimate as many Armenians are likely included in the ‘White’ or ‘Some
Other Race’ race/ethnicity categories.*® For example, in the California Cancer Registry (CCR), Armenians
are among 42 other race/ethnicities represented in the non-Hispanic White (NHW) category in the race
variable.*® However, genetic, environmental, and cultural factors may differentiate cancer incidence, stage
at diagnosis, and survival patterns from White and other race/ethnic populations.?® Providing cancer
patterns among Armenians in California has numerous public health implications, including providing
educational and awareness materials in the Armenian language (Eastern and Western dialects) and
understanding barriers to and increasing access to screening and healthcare to improve cancer outcomes.

The challenge of identifying Armenians in the United States has precluded the representation of
this population in public health and epidemiological studies.*"“® Previously, surname lists have been used
to study Middle-Eastern populations in California.*®-5! Studies on cancer among Middle-Eastern populations
in California included the Armenian population, but solely due to Armenia’s geographic location bordering
Middle-Eastern countries, and showed notably different cancer patterns between the Middle-Eastern and
NHW populations.*® This prior work in Middle-Eastern populations highlighted the need for future research
to refine procedures pertaining to ethnic overlaps between Armenians, Turks, Iranians, and Coptic and
Christian Arabs in the surname list as surnames used by first generation immigrants from Turkey, Lebanon,
Iran, and the Caucasian Republic of the former Soviet Union were dominated with Armenian surnames.*
Furthermore, when the Middle Eastern Surname List (MESL) was linked with the CCR, analyses by place
of birth and Arab ethnicity showed that over 90% of patients were born in Afghanistan, Armenia, Iran,
Jordan, Lebanon, and Syria.*® While the inclusion of Armenian surnames in the MESL was certainly an
important step toward better representation of Armenians, the lack of studies specific to the Armenian
population still presented a significant gap in public health research in California. As California is home to
the largest population of Armenians in the United States, creating a surname identification tool that can be
linked to the CCR provides the opportunity to examine cancer patterns specifically among Armenians.

Therefore, in the first chapter of this dissertation, we constructed an Armenian Surname List (ASL) for public



health research using the California public death records from 1905 to 2020 and an extract of Armenian
surnames from the MESL, and evaluated the ASL by ranking surname country of origin using NamSor, an
onomastic classification tool.>>%% In the second chapter, we linked the ASL with the CCR to estimate
proportional cancer incidence ratios and cancer incidence rates using population denominators from the
American Community Survey in Armenian patients compared with NHW patients for the 10 most common
cancers among Armenian males and females. In the third and final chapter, using the ASL linked to the
CCR, we compared late-stage of cancer diagnosis and cancer survival between Armenian and NHW cancer

patients for four tobacco-related cancers.



Chapter 1

Title: Construction of the Armenian Surname List (ASL) for Public Health Research

Authors:
Ani S. Movsisyan!2, Kiumarss Nasseri3, and Theresa H. Keegan*2
1. Department of Public Health Sciences, University of California Davis, Davis, CA
2. UC Davis Comprehensive Cancer Center, University of California Davis Medical Center,

Sacramento, CA
3. Emeritus Professor of Epidemiology, International Health and Epidemiology Research Center



Abstract

Introduction: According to the US Census American Community Survey, there are an estimated 470,000
Armenians in the United States, and more than half live in California. Armenians are generally represented
within the ‘White’ or ‘Some Other Race’ race/ethnicity categories in population-based research studies.
While Armenians have been included in studies focused on Middle-Eastern populations, there are no
studies focused exclusively on Armenians due to a lack of standardized collection of Armenian ethnicity in
the United States or an Armenian surname list. To fill this research gap, we sought to construct and evaluate
an Armenian Surname List (ASL) for use as an identification tool in public health and epidemiological
research studies focused on Armenian populations.

Methods: Data sources for the ASL included the California Public Use Death Files (CPUDF) and the Middle
Eastern Surname List (MESL). For evaluation of the ASL, the California Cancer Registry (CCR) database
was queried for surnames with birthplace in Armenia and identified by the MESL.

Results: There are a total of 3,428 surnames in the ASL. Nearly half (1,678) of surnames in the ASL were
not identified by the MESL. The ASL captured 310 additional Armenian surnames in the CCR than the
MESL.

Conclusions: The ASL is the first surname list for identifying Armenians in major databases for

epidemiological research.



Introduction

US Census race/ethnicity categories provide critical information allowing for health disparities to be
recognized and addressed.*® These categories have lacked details to capture existing health disparities
affecting specific communities, including Armenians.* According to the US Census American Community
Survey, the premier source for population information in the United States, there are an estimated 468,342
people of Armenian ancestry living in the United States, 44% (204,549) are foreign-born, and more than
half (259,430) reside in California.**%*% This is likely an underestimate as the US Census does not have a
standardized data collection of Armenian ethnicity, and the Embassy of Armenia to the United States of
America estimates that the Armenian population in the United States is anywhere between 500,000 to
2,000,000 million.%® Armenians are officially included within the ‘White’ or ‘Some Other Race’ race/ethnicity
categories in population-based research studies,*>” while genetic and cultural factors are likely to underlie
different health patterns among Armenians compared with other race/ethnic groups.?®8 For example, while
health-related research among Armenians is limited in the United States, a prospective cohort study of
Armenian and non-Armenian patients in a county hospital based in Los Angeles, California, showed that
genetic, cultural, and dietary factors may contribute to Armenian ethnicity being associated with a higher
risk of cardiovascular disease.*?

Using a common surname list is often employed to identify and study various ethnic groups.48:51:5°
In particular, surname lists have been used to study cancer patterns among Arab-American and Middle-
Eastern populations in California.*®-%! Studies using the Middle Eastern Surname List (MESL), which
included Armenians, showed notably different cancer patterns between the Middle-Eastern and non-
Hispanic, non-Middle-Eastern White populations.*® While Armenia is geographically proximal to Middle-
Eastern countries and some cultural and social traditions are shared, similar adverse cancer patterns are
not observed among its closest neighboring countries, including Iran, Georgia, and Azerbaijan.?® Other
studies on cancer among Middle-Eastern populations in California included Armenians within a broad
Middle-Eastern race/ethnic group, but the challenge of identifying Armenians as a separate group has

precluded studies specific to the Armenian population.*-506% A surname list specific to Armenians will allow



for the study of cancer patterns among this population, and can serve as a valuable tool for studying the
Armenian population in various epidemiological subfields.*

While the inclusion of Armenians in the Middle-Eastern studies is certainly an important step
towards better representation of Armenians in research, studies specifically on Armenians are necessary
to better understand health patterns among Armenians around the world.*¢-50€0 We sought to bridge this
gap by creating and evaluating an Armenian Surname List (ASL) to identify Armenians in large population-
based research databases. We created the ASL by linking an extract of Armenian surnames from the MESL
to the California Public Use Death Files (CPUDF) and we used birthplace in Armenia to identify additional
Armenian surnames. We evaluated the ASL by comparing with a population-based cancer registry
database containing Armenian surnames and birthplace and using a name checking technology to rank the

country of origin of the surnames in the ASL.

Methods

Data Sources
California Public Use Death Files

The CPUDF is available through the Center for Health Statistics and Informatics (CHSI) branch of the
California Department of Public Health (CDPH) and contains information about in-state California deaths.5!
An annual file is released approximately four months after the end of the calendar year. The CPUDF from
1905-2020 contains the following information: first name, middle name, last name, sex, date of birth, place
of birth, place of death, date of death, and father’s last name. Father’s last name was available from 1940-
2020. Using SAS version 9.4 (SAS Institute, Inc.), individual year death files from 1905-2020 were
consolidated into one large file. The consolidated CPUDF from 1905-2020 contained a total of 16,949,541

records and 1,121,710 unigue surnames.

Middle Eastern Surname List (MESL) Armenian Surname Extract

The MESL was created in 2007 and was extracted from a NUMIDENT extract file, a data source provided
by the US Social Security Administration that began collecting place of birth in 1979.4 The Arab surname
list was also used as a source of additional Middle-Eastern surnames.>* The MESL contained 49,610

surnames.*® Based on birthplace in Armenia, 1,332 surnames were extracted from the MESL and used in
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this project. Surnames in the MESL are truncated at 10 digits. As such, the extract file contains some

truncated Armenian surnames.*8

California Cancer Registry

The California Cancer Registry (CCR) is a comprehensive state-wide cancer surveillance program and
meets SEER standards for quality and completeness of data.®> The CCR is also Gold Certified by the North
American Association of Central Cancer Registries (NAACCR) and is one of the largest cancer registries
in the world.®? The CCR research file provides patient demographics, country of birth, primary tumor site,
tumor morphology and stage at diagnosis, first course of treatment, and follow-up for vital status on all
cancers except for non-melanoma skin cancers.®° We used the CCR research file with cancer diagnoses
from 1988 to 2021. We used patient last name, maiden name, and father's surname when available to
create the list of CCR surnames. Because an estimated 98% of people born in Armenia are of Armenian
ancestry, birthplace in Armenia is a relatively reliable measure for Armenian ancestry.®® Therefore, we used
the country of birth variable in the CCR to retrieve all surnames with birth in Armenia. In the CCR, there is
a variable indicating whether a patient’s last name is on the MESL.

Analyses

Construction of the Armenian Surname List

Step 1: California Public Use Death Files (CPUDF) and Armenian Surnames from Middle
Eastern Surname List (MESL) Probabilistic Linkage

We used Match*Pro to link surnames in the CPUDF with Armenian surnames from the MESL. Match*Pro
is a probabilistic linkage software developed by IMS (Information Management Services, Inc.) under
contract with the National Cancer Institute (NCI). The Match*Pro configuration page includes blocking and
matching methods, adjusting for blocking sensitivity, and manual review tools to filter categorized matches.
Last Name was the comparator of choice and the blocking strategy selected was Soundex, which is a
phonetic algorithm for indexing names based on sound rather than spelling.®* The Soundex feature allowed
for truncated Armenian last names in the MESL to be included in record comparisons. It also allowed

flexibility in the matching process for surnames with special characters including spaces, hyphens, and
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capitalizations. For example, the surname ‘Ter-Minasyan’ was scored as a perfect match with ‘Ter
Minasyan’.

All linked records were manually reviewed using the Match*Pro Linkage Results interface. In this
step, records were reviewed to sort matches at the surname level. Linkage results were manually separated
into two categories of match or non-match described in Supplemental Table 1.1. This linkage was not

limited by birthplace, allowing for the identification of Armenian surnames with birth outside of Armenia.

Step 2: Selection of Surnames by Birthplace in Armenia

Surnames from the CPUDF that were born in Armenia, but did not link with existing Armenian surnames in
the MESL (Step 1), were manually reviewed and surnames meeting the following two criteria were deleted
from the list: 1) had a length of less than five characters or 2) did not have a common Armenian surname
suffix (ian, yan, ians, yans, iants, yants), a common Russian patronymic suffix (ov, ova),®> and were less
than 12 characters long. These deletions were necessary to remove common non-Armenian surnames
such as ‘Smith’, ‘Abad’, ‘Ryan’, and ‘Weatherford’, and to retain Armenian surnames with less common
suffixes and at least 12 characters long such as ‘Hambartsumanz’ and ‘Ter-Prakhourany’. Because many
Armenians changed the suffix of their last names during the Union of Soviet Socialist Republics (USSR)
period to follow Russian patronymic suffixes, we included Armenian last names with a common Russian
suffix. All of the 1,332 uniqgue Armenian surnames from the MESL that were not identified by the
CPUDF/MESL Armenian surnames linkage nor by the birthplace in Armenia queries in the CPUDF were
retained in the ASL.

Evaluation of the Armenian Surname List

Step 1. Compare Exact Surnames between the ASL and California Cancer Registry
(CCR) List of Surnames with Known Birthplace in Armenia

Since birthplace in Armenia is a reliable measure for Armenian ancestry,%® we compared the ASL with the
CCR Birthplace in Armenia surname list to evaluate the performance of the ASL in identifying Armenian
surnames in large research databases. To compare the ASL with the CCR Birthplace in Armenia List, we
calculated the number of surnames that were identified in both versus only one of the lists. We presented

results in a Venn diagram, with counts representing unique surnames. We calculated the proportion of
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surnames in the CCR with birthplace in Armenia that were in the MESL. We also compared the proportion

of surnames in the CCR Birthplace in Armenia List that were identified by the MESL and the ASL.

Step 2: NamSor Country of Origin Ranking of ASL and CCR Birthplace in Armenia List

We also sought to evaluate the country of origin of surnames in the ASL compared to the CCR Birthplace
in Armenia List because surnames with birthplace in Armenia are likely to have originated in Armenia and
therefore represent Armenian ethnic identity.%3¢” We used an independent onomastic classification tool,
NamSor, to compare the country of origin rank of surnames in each list. NamSor is a hame checking
technology that uses applied onomastics to classify names by gender, country of origin, ethnicity, and
diaspora.52686° Naive Bayes Classifiers are a class of algorithms used by NamSor for ranking and
classification purposes.®® The NamSor Country of Origin feature returns a list of the top 10 countries of
origin, ranked from most likely to least likely. We compared the country of origin of surnames in the ASL to

the CCR Birthplace in Armenia List.

Results

Construction of the Armenian Surname List

After manual review of linked surnames between the existing Armenian surnames in the MESL and the
CPUDF, we selected 1,290 unique surnames to include in the ASL (Supplemental Table 1.1, Figure 1.1).

The Soundex blocking strategy allowed for truncated surnames in the MESL to match with full
Armenian surnames in the CPUDF. For example, the surnames ‘Haroutunia’ and ‘Martirosya’ from the
MESL matched with the surnames ‘Haroutunian’ and ‘Martirosyan’, respectively, from the CPUDF.
Soundex also allowed for flexibility in the spelling of last names and surnames with different spellings were
included in the ASL as unique surnames. For example, the surname ‘Mahtesyan’ from the MESL matched
with the surname ‘Mahtesian’ from the CPUDF and both surnames were included in the ASL. The Soundex
blocking strategy allowed for the identification of 232 (17.9%) unique surnames from this linkage that would
not have been identified by an exact matching strategy.

There were an additional 2,018 unique surnames in the CPUDF with a birthplace of Armenia that

were not identified by the Armenian surnames in the MESL (Table 1.1). After manually reviewing these
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surnames, 158 were removed, and the remaining 1,860 surnames were included in the ASL (Figure 1.1).
From the existing list of 1,332 Armenian surnames in the MESL, 278 surnames did not appear in the CPUDF
and were retained in the ASL, including ‘Ter-Galoustian’, ‘Ambartsumi’, ‘Mikhailov’, ‘Nerses’, and
‘Oganesov’. Because we retained all Armenian surnames from the MESL, only those surnames from the

MESL were truncated at 10 digits in the ASL. The final ASL has a total of 3,428 unique surnames.

Evaluation of the Armenian Surname List

There were 1,698 unique surnames identified in the CCR with birthplace in Armenia. Of the surnames in
the CCR Birthplace in Armenia Surname List, 921 (54.2%) were also identified by the ASL (Figure 1.2).
There were 18,944 surnames in the CCR file with a known birthplace country that had MESL surnames.
Out of 921 surnames, the ASL identified 310 (33.7%) additional surnames in the CCR Birthplace in Armenia
List than the MESL. Of the 3,428 surnames in the ASL, 1,678 (48.9%) were not identified in the CCR
Birthplace in Armenia List nor the MESL.

Of the 3,428 surnames in the ASL, 2,349 (68.5%) had Armenia ranked first as the most likely
country of origin and 431 (12.6%) as the second-most likely country of origin from NamSor (Figure 1.3).
There were 257 (7.5%) with Iran listed first, 114 (3.3%) with Georgia Republic listed first, 63 (1.8%) with
Russia listed first, and 59 (1.7%) with Romania listed first. Of the 1,698 surnames in the CCR Birthplace in
Armenia List, 1,159 (68.3%) had Armenia ranked first as the most likely country of origin from NamSor
(Figure 1.3). Iran followed with 138 (8.1%) of surnames, then Georgia Republic with 43 surnames (2.5%),

Russia with 33 (1.9%) surnames, and Lebanon with 27 (1.6%) surnames.

Discussion

To our knowledge, this is the first study to create and evaluate a specific Armenian surname list for research
purposes. Prior work in Middle-Eastern populations highlighted the need for future research to refine
procedures pertaining to ethnic overlaps in the MESL.*® The ASL is a significant step towards increasing
clarity and understanding of public health patterns in Armenians. The ASL builds upon Armenian surnames

in the MESL by additionally including surnames from over a hundred years of death records in California.

13



Access to death records in California to create the ASL is particularly advantageous because
Armenian immigration to the state dates back to the 1800s and California remains the state with the largest
population of Armenians in the United States.” The utilization of the Soundex blocking strategy in the linkage
between the MESL Armenian surnames and the CPUDF allowed for the identification of nearly 18% of the
surnames added to the ASL. As such, when the ASL is used in probabilistic linkages with large databases,
we recommend selecting Soundex as a blocking strategy during the linkage configuration process to
maximize the number of Armenians identified.%*

During the process of creating the ASL, we considered historical and political events that may have
impacted data collection and representation of countries of birth. Specifically, Armenia gained its
independence from the USSR in 1991, raising the question of whether surnames of those born in Armenia
during the USSR (1920-1991) had Armenia listed as their country of birth.”® Our analyses showed that
approximately 95% of records in the California death files with birthplace in Armenia were born between
1920-1990, suggesting that surnames of people born in Armenia during the USSR were successfully
identified and included in the ASL. A common challenge faced by researchers during the creation of
surname lists is the changes of surnames over time. Because Russian was the official language of the
USSR, individual countries within the USSR developed onomastic systems that followed Russian naming
conventions.” Since Armenia was under USSR rule for the majority of the 20™ century, we included
Armenian surnames with common Russian suffixes -ov and -ova in the ASL, consistent with the MESL.56:72
Out of the 3,428 unique surnames in the ASL, 73 (2%) have a suffix of -ov or -ova and 70 (96%) of these
surnames had a birthplace of Armenia in the CPUDF. Given the unique characteristics of Armenian
surnames and the small percentage of surnames in the ASL with -ov or -ova suffixes, we do not expect a
remarkable number of non-Armenian Russians to be identified by the ASL.65¢6

Another challenge in creating surnames lists is changing surnames due to marriage or to follow
naming conventions of a new culture and society after immigration. To address this issue, we included all
available father’s last names from the California death records for both males and females. For example,
father’s last name of ‘Danielian’ was identified with the same record where the last name followed a different

naming convention of ‘Danielson’. A common limitation we faced is the lack of mother’s last name, which
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may have precluded the identification of children of Armenian mothers with an Armenian last name and
fathers with non-Armenian last names.

Using full surnames, as we did when creating the ASL, is particularly advantageous in large
database linkages for several reasons. In probabilistic linkages, full surnames will have a higher similarity
score when they match a full versus truncated version of the surname. Also, deterministic linkages can be
utilized with non-truncated surnames. Lastly, name-checking technologies, such as NamSor, will return
more accurate rankings of surname country of origin with full surnames, as many naming conventions,
including Armenian, rely on the suffix to identify ethnic origin. Due to the novelty of this surname list, we did
not have a ‘gold standard’ or contact people to confirm their ethnic origin to validate the ASL. While previous
researchers who have created surname lists, such as the Arab surname list, have used self-reported
ethnicity from telephone surveys as a ‘gold standard’ when validating new surname lists,”® we did not have
self-reported ethnicity for the purposes of this study. Therefore, we compared overlap of surnames between
the CCR and the ASL.

Comparisons of the ASL with a list of MESL surnames from the CCR were suggestive that the ASL
identifies a considerable percentage (34%) of Armenian surnames not identified by the MESL. This may
relate to a few characteristics of the list of Armenian surnames extracted from the MESL. In addition, the
Armenian surnames were extracted from NUMIDENT using a filter of birth in Armenia and may exclude
surnames of people who were born in other countries and who had different surname conventions than
those who were born in Armenia. For example, in the CPUDF and MESL Armenian surname linkage results,
we observed that 83% of surnames with birthplace in Russia followed a surname convention of the suffix
beginning with the letter | (ian, ians, iants), while 22% of surnames with birthplace in Armenia had surname
suffixes of ian, ians, iants and 77% had surname suffixes beginning with the letter Y (yan, yans, yants). We
attempted to address this within the ASL, as the surnames added to the ASL were not limited to birth in
Armenia. A potential limitation of the ASL is that a small percentage of people born in Armenia may have a
non-Armenian last name or may not have Armenian origin because we retained Armenian surnames from
the MESL. Further research application of the ASL will clarify whether any enhancements to the ASL are

warranted.
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Country of origin checks using NamSor for the ASL surnames and the CCR Birthplace in Armenia
surnames retrieved similar results, with Armenia ranked as the most likely or second-most likely country of
origin for more than three-fourths of surnames, suggesting that the ability of the ASL to identify Armenian
surnames is comparable to the ability of a list containing surnames identified solely by birthplace in Armenia.
Because the two lists had only about 30% overlap between surnames, it may be worthwhile to consider the
combination of the two lists to optimize the identification of Armenian surnames in large population-based
databases.

The use of the ASL can increase the representation of Armenians in public health research. For
example, the ASL can be used to identify Armenians in population-based cancer registry databases and
observe cancer patterns by demographic and clinical factors. This will result in a clearer representation and
understanding of cancer patterns among racial/ethnic categories where Armenians are commonly included,
such as Middle-Eastern and White. Such data can inform health education and awareness campaigns to
increase access to preventive healthcare services, such as screening, in the Armenian population. The
ASL allows for the identification and representation of Armenians in a myriad of research endeavors and
lays the groundwork as a valuable resource for research studies in public health, epidemiology, and other

fields concerning Armenian communities.
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Figure 1.1 Flowchart of the Armenian Surname List (ASL) construction process
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aSoundex Blocking Strategy was used in Match*Pro Linkage Software, allowed for identification and
addition of surnames with different spellings of the 1,332 MESL Armenian surnames.%*
bRefer to Supplemental Table 1.1 for Manual Review Categorization Rules.
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Figure 1.2 Counts of overlapping surnames between the Armenian Surname List
(ASL), California Cancer Registry (CCR) Birthplace in Armenia List, and Middle
Eastern Surname List (MESL) from the CCR
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alncludes all surnames with known country of birth in the California Cancer Registry that indicate surname
is on the MESL created in 2007.
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Figure 1.3 Percentage of surnames in the Armenian Surname List (ASL) and
California Cancer Registry (CCR) Birthplace in Armenia List ranked by most
likely country of origin and second-most likely country of origina
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aThe Country of Origin feature in NamSor was used to rank country of origin for each surname and
returned a list of the top 10 countries of origin ordered from most likely to least likely.5268 Only the top five
countries of origin ordered by combined percentage of most likely and second most-likely country of origin
are presented for each list.
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Table 1.1 Number and percentage of surnames identified by the Middle Eastern
Surname List (MESL)a via probabilistic linkage with California Public Use Death
File (CPUDF), 1905-2020

Birthplace in Armenia in the California Public Use Death File (CPUDF)
Identified by MESL
Armenian Surnames? Yes No Unknown Total
Yes 720 (26.30) 485 (0.05) 85 (0.04) 1,290 (0.11)
No 2,018 (73.70) 924,679 (99.95) 193,819 (99.96) 1,120,516 (99.89)
Total 2,738 (100) 925,164 (100) 193,904 (100) 1,121,806 (100)

aList of Armenian Surnames from the MESL created in 2007.

Supplemental Table 1.1 Manual review categorization rules, California Public
Use Death File (CPUDF) 1905-2020 and Middle Eastern Surname List (MESL)
Armenian Surname probabilistic linkage® results

Rule N Records % Similaritya
Match

1 Exact Match 31,176 92.72 1.00

2 Spelling variation or truncation AND 2,135 6.35 0.87-0.98

'van', 'ian’, 'ians’, 'yans', 'iants', 'yants',
ending convention

3 Spelling variation or truncation AND 210 30 0.09 0.88-0.98
digits

Non-Match

4 Did not meet any match categorization 282 0.84 0.87-0.98
rule
Total 33,623 100

aBased on matching and blocking threshold settings selected on the linkage configuration page, the
Match*Pro results file provides a similarity measure from 0-1 for each linked pair.
bMatch*Pro Probabilistic Linkage Configuration:

1) On the Matching tab, the last name and father’s last name variables from the CPUDF were
selected as the File 1 Field, and the last name from the list of Armenian surnames from the MESL
was selected as the File 2 Field.

2) On the Blocking tab, the only blocking field selected was last name.
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Abstract

Introduction: California is home to the largest population of Armenians in the United States. The historical
categorization of Armenians as ‘White’ or ‘Some Other Race’ in population databases has likely masked
cancer incidence patterns in this population. This is the first study considering cancer incidence among
Armenians in California.

Methods: We used the Armenian Surname List and birthplace information in the California Cancer Registry
to identify Armenians with cancer diagnosed during 1988-2019. We calculated proportional incidence ratios
(PIR) among Armenians compared with non-Hispanic Whites (NHWSs). As an exploratory analysis, we
calculated incidence rate ratios (IRR) during 2006-2015 using Armenian population denominators from the
American Community Survey (ACS). We selected PIR as our primary method given uncertainty regarding
the use of ACS population estimates for rate calculations.

Results: There were 27,212 cancer diagnoses among Armenians in California, 13,754 among males and
13,458 among females. Armenian males had notably higher proportions of stomach (PIR=2.39), thyroid
(PIR=1.45), and tobacco-related cancers including bladder (PIR=1.53), colorectal (PIR=1.29), and lung
(PIR=1.16) cancers. Higher proportional incidence of cancers including stomach (PIR=3.24), thyroid
(PIR=1.47), and colorectal (PIR=1.29) were observed among Armenian females. Exploratory IRR analyses
showed higher stomach (IRR=1.78), bladder (IRR=1.13), and colorectal (IRR=1.12) cancers among
Armenian males and higher stomach (IRR=2.54) cancer among Armenian females.

Conclusion: We observed higher stomach, colorectal and thyroid cancer incidence among males and
females and tobacco-related cancers among males. Further research is needed to refine Armenian
population estimates and understand and address risk factors associated with specific cancers among

Armenians in California.
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Introduction

California is the largest and most diverse state in the United States,’*"® and home to the largest population
of Armenians in the United States, with immigration to the state dating back to the 1870s.”7® Given
California’s racial and ethnic diversity, numerous recent research studies have focused on cancer
occurrence patterns in specific ethnic groups, including Hispanic, Asian, Middle-Eastern, and Arab
populations in California.””-8* However, Armenians remain unrepresented in public health and
epidemiological research due to their categorization as ‘White’ or ‘Some Other Race’ in population
databases.”#382

Prior studies on cancer occurrence among Middle-Eastern populations in California included the
Armenian population and found proportionally higher stomach and thyroid cancers and proportionally lower
lung and cervical cancers among Middle-Eastern females compared with non-Hispanic White (NHW)
females.*88! In addition, proportionally higher thyroid, bladder, and stomach cancers and lower lung cancer
were observed among Middle-Eastern males compared with NHW males.>%8 While Armenians were
included in the broad Middle-Eastern group, cancer risk factors, including tobacco-use, are higher in
Armenia compared to surrounding countries and cancer mortality rates in Armenia are notably higher than
neighboring Middle-Eastern countries, such as Iran and Iraq.323° Additionally, a hospital in Los Angeles
County, where the majority of Armenians in California reside, found that a majority of their patients with
stomach cancer were Armenian.® However, state-level analyses of cancer incidence by cancer type and
sex among the Armenian population in California and in the United States have remained unknown, and it
is unclear whether cancer patterns among Armenians differ from the NHW population with which they have
been historically categorized in population-based research studies.*”8?

No prior studies, to our knowledge, have studied cancer incidence specifically among the Armenian
population in California.** Therefore, we utilized the recently developed Armenian Surname List (ASL)*
and birthplace data in the population-based California Cancer Registry to identify Armenians with cancer.
Research on this growing minority group in California can reveal the cancers disproportionately impacting

Armenians.
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Methods

Data Sources
California Cancer Registry

The California Cancer Registry (CCR) is a statewide population-based cancer surveillance system and has
collected cancer diagnoses in California since 1988, with reporting guidelines similar to those of the
Surveillance, Epidemiology, and End Results (SEER) database.f?84 Consistently meeting data quality
standards, the CCR is Gold Certified by the North American Association of Central Cancer Registries
(NAACCR) and is one of the largest cancer registries in the world.628> As mandated by NAACCR, data
reported to the CCR meet standards of completeness, accuracy, timeliness, and quality control
measures.®>& The CCR provides patient demographics, tumor characteristics including primary site,
behavior, histology, morphology, and stage at diagnosis, first course of treatment, country of birth, county
of diagnosis, and follow-up for vital status for all cancers, except for non-melanoma skin cancers.° For the
presented analyses, we used variables including age at diagnosis, year of diagnosis, race/ethnicity, sex,
tumor site, and behavior. We additionally presented demographic variables including county of diagnosis

and country of birth.

Population Estimates

The American Community Survey (ACS) is a nationwide survey provided by the US Census Bureau and
was used to obtain Armenian population estimates.®” US Census respondents were asked “What is your
ancestry or ethnic origin?”, and the ancestry variable is comprised of responses to this question.8-° We
used this ancestry variable to retrieve population detailed tables for the Armenian population in California,
and among this population, we obtained additional demographic variables, including age, sex, place of
birth, and county of residence.**87:%* Armenian population estimates in California were retrieved from the
ACS 2010 and 2015 5-year selected population detailed tables and included sex, age, and county variables,
with data available for 19 of the 58 counties in California.**#” Population estimates for the NHW population
were obtained from the CCR, provided by the California Department of Finance and the Centers for Disease

Control and Prevention National Center for Health Statistics branch.%%3
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Study Population

To identify Armenian cancer diagnoses, we used Match*Pro probabilistic linkage software to link the ASL
with the CCR December 2021 incidence research file extract that includes primary cancers considered
complete for diagnosis years 1988 through 2019.%* We developed the ASL using data from the California
Public Use Death Files from years 1905-2020, and an extract of Armenian surnames from the Middle
Eastern Surname List that was developed in 2007.4” The ASL contains 3,428 unigue surnames that can be
linked with last names in research databases to identify Armenians.*” We also selected surnames from the
CCR with birthplace in Armenia that were not in the ASL, and we linked this list of surnames to the CCR
incidence research file extract. After manual review of both linkages, we combined the resulting matched
records into one file. In the incidence file, we included all malignant cancer diagnoses among males and
females using the International Classification of Diseases for Oncology, 3rd edition/World Health
Organization (ICD-O-3/WHO) 2008 site codes.?>% We extracted Armenians from the NHW, non-Hispanic
Black, Hispanic, Asian/Pacific Islander, American Indian, Other/Unknown CCR race and ethnicity
categories to create a separate Armenian group. We included Armenian and NHW patients of all ages who
were male and female due to the availability of population estimates by sex. We compared Armenians to
the NHW group because 96.2% of patients we identified as Armenian were previously identified as NHW
in the CCR and this historical categorization of Armenians as NHW has likely masked true cancer incidence

among the Armenian population in California.

Analyses

Demographic characteristics and cancer characteristics were stratified by sex and presented for the
Armenian and NHW population. We calculated proportional incidence ratios (PIR), incidence rates (IR), and
rate ratios (IRR) for the most frequent cancers among Armenian males and females compared with NHWSs.
Armenian population denominators were obtained from the American Community Survey (ACS) for IR
calculations. The PIR is the observed number of Armenian cancer cases divided by the number of Armenian
cancer cases expected if the Armenian population has the same proportion of cancer as the NHW
population.®97%8 Age-adjusted PIRs were calculated for cancers diagnosed from 1988-2019 and from

2006-2015 to compare directly with IRRs available only for years 2006-2015. Due to concerns raised
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previously regarding the accuracy of ACS data denominators for small populations, we calculated the PIR
as the primary method in this study.® The following PIR formula was used.

YA
C

PIR = > Bl(D_l)

where

A;= number of Armenian site-specific cases for age group i

B;= total number of Armenian cases for age group i

C;= number of NHW site-specific cases for age group i

D;= total number of NHW cases for age group i

ACS Armenian population denominator estimates from 2006-2015 were used to obtain IRs per 100,000
people age-adjusted to the US 2000 standard population in 18 age categories. We presented IRs and IRRs
for the 10 most common cancers among Armenian males and females. We then compared the IRs of these
top 10 cancers observed among Armenian males and females with the NHW racial and ethnic group as the
reference population with IRRs and 95% confidence intervals during 2006-2015. SEER*Stat software

(version 8.4.0) was used to retrieve age-adjusted IRs, while SAS version 9.4 software (SAS institute Inc.,

Cary, NC, USA) was used to obtain descriptive demographic data, PIRs, and IRRs.

Results

Relevant characteristics of Armenians diagnosed with cancer in California between years 1988-2019 are
presented in Table 2.1 and Supplemental Table 2.2 is provided for comparison of characteristics with NHW
patients. A total of 27,212 malignant cancer diagnoses among Armenians in California met inclusion criteria
with nearly an equal frequency of cancer cases among males (50.5%) and females (49.5%). About 13% of
diagnoses occurred among people less than 50 years old, 43% were between 50-69 years old, and 44%
were aged 70 or greater. Most (76.3%) of the cancer cases were diagnosed in Los Angeles County, followed
by Fresno (5.7%) and Orange (3.3%) counties. Most (55.2%) of the study population was foreign-born,
primarily in Armenia (20.1%), Iran (12.7%), Lebanon (4.3%), Syria (3.6%), and Russia (3.5%). Overall,

12.8% were United States-born (US-born) and 32.0% had unknown place of birth.
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Based on the Armenian population demographics in California as reported by the ACS, there were
an estimated 241,323 Armenians in California from 2006-2010 and 259,430 from 2011-2015, representing
a 7.5% population increase between the two time periods (Supplemental Table 2.1). Based on the 2015 5-
year estimate, 61% of the population was <50 years old, 26% was 50-69 years old, and 13% was =70. A
majority (75.6%) of the population resided in Los Angeles County, followed by Fresno (3.9%) and Orange
(3.5%) counties. A majority (60.7%) of the population was foreign-born, primarily in Armenia (25.4%), Iran
(18.2%), Lebanon (4.7%), Syria (2.7%), and Iraq (1.7%). More than a third (39.3%) of the population was
born in the United States.

Among 13,754 Armenian males diagnosed with cancer between 1988-2019, the top 10 most
frequent cancers in descending order were prostate (22.8%), lung (15.2%), colorectal (12.3%), bladder
(11.1%), non-Hodgkin lymphoma (NHL) (4.3%), stomach (3.9%), leukemia (3.8%), kidney (3.6%), pancreas
(2.5%), and liver and intrahepatic bile duct (IBD) (1.9%). Among 13,458 Armenian females diagnosed with
cancer, the top 10 most frequent cancers in descending order were breast (32.6%), colorectal (12.1%),
lung (6.2%), uterine (6.1%), NHL (4.3%), thyroid (4.2%), ovary (3.7%), stomach (3.0%), pancreas (2.9%),
and leukemia (2.8%) (Table 2.2). For cancers diagnosed from 1988-2019, Armenian males had a
significantly higher proportion of stomach (PIR=2.39, 95% CI=2.19-2.60), bladder (PIR=1.53, 95% CI=1.45-
1.61), colorectal (PIR=1.29, 95% CI=1.23-1.35), lung (PIR=1.16, 95% CI=1.11-1.21), leukemia (PIR=1.16,
95% CI=1.06-1.26), liver and IBD (PIR=1.19, 95% CI=1.05-1.34), and kidney (PIR=1.11, 95% CI=1.01-
1.21) cancers, and a significantly lower proportion of prostate (PIR=0.84, 95% CI=0.81-0.87) cancer
compared to NHW males. In addition, while thyroid cancer was not among the top 10 most frequent for
Armenian males, we observed a higher proportion of thyroid (PIR=1.45, 95% CI=1.25-1.67) cancer among
Armenian males compared with NHW males. From 1988-2019, Armenian females had a significantly higher
proportion of stomach (PIR=3.24, 95% CI=2.93-3.57), thyroid (PIR=1.47, 95% CI=1.36-1.60), colorectal
(PIR=1.29, 95% CI=1.23-1.35), pancreatic (PIR=1.20, 95% CI=1.09-1.33), leukemia (PIR=1.20, 95%
Cl=1.08-1.32), NHL (PIR=1.15, 95% CI=1.05-1.24), and ovarian (PIR=1.14, 95% Cl=1.04-1.24) cancers,
and a significantly lower proportion of lung (PIR=0.49, 95% CI=0.46-0.53) cancer compared to NHW

females.
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In Table 2.3, we show the IRR and PIR for the top 10 most common cancers among Armenian males and
females diagnosed from 2006 to 2015. Our results show significantly higher IRRs of stomach (IRR=1.78,
95% Cl=1.55-2.06), bladder (IRR=1.13, 95% CI=1.05-1.23), and colorectal (IRR=1.12, 95% CI=1.03-1.20)
cancers, and significantly lower prostate (IRR=0.64, 95% CI=0.60-0.68), NHL (IRR=0.72, 95% CI=0.63-
0.81), leukemia (IRR=0.84, 95% CI=0.73-0.96), kidney (IRR=0.79, 95% CI=0.69-0.89), liver and IBD
(IRR=0.72, 95% CI=0.59-0.87), and pancreatic (IRR=0.72, 95% CI=0.62-0.86) cancers among Armenian
males compared to NHW males. Armenian males had an insignificantly lower IRR for thyroid (IRR=0.89,
95% CI=0.72-1.12) cancer. PIRs for males followed a similar pattern as described in Table 2.2, except that
PIRs for liver and IBD (PIR=0.92, 95% CI=0.75-1.11), leukemia (PIR=1.10, 95% CI=0.95-1.26), kidney
(PIR=1.05, 95% CI1=0.92-1.19), and thyroid (PIR=1.19, 95% CI=0.95-1.47) cancers were not statistically
significant. Among Armenian females, we observed significantly higher IRRs of stomach cancer (IRR=2.54,
95% CI=2.15-2.99) and significantly lower IRRs of breast (IRR=0.74, 95% CI=0.70-0.77), lung (IRR=0.36,
95% CI=0.33-0.41), and uterine (IRR=0.76, 95% CI=0.68-0.85) cancers. PIRs for females followed a similar

pattern as in Table 2.2.

Discussion

To our knowledge, this is the first study showing cancer incidence specifically among the Armenian
population in California. While other studies have previously included Armenians in a broad Middle-Eastern
group in California,*®5° we were able to use our recently developed surname tool, the ASL,*” and birthplace
data to identify Armenians diagnosed with cancer in California. Compared with individuals in the NHW
category, where Armenians have most commonly been included, we found significant differences in
proportional incidence and incidence rates of many cancers. Notable findings include higher proportional
incidence of stomach, colorectal, and thyroid cancer among Armenian males and females and tobacco-
related cancers among Armenian males. Our findings can guide healthcare professionals and researchers
toward targeted cancer screening interventions and etiologic studies for these cancers in Armenians.
Among the 10 most frequent cancers, Armenian males had higher proportions of seven cancers
and higher incidence rates of three cancers, and Armenian females had higher proportions of seven

cancers and a higher incidence rate of one cancer compared to NHWSs. The correct interpretation of the
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two methods is crucial for a thorough understanding of our study results; PIR analyses show which cancers
are proportionally higher among Armenians diagnosed with cancer in California compared to NHWs, while
IRR analyses show risk of cancer incidence compared to NHWSs. For instance, a higher PIR for a particular
cancer among Armenians does not mean that the risk of the respective cancer is higher than NHWs, but
rather that the proportion of that cancer is higher than it is among NHWs.®” The two methods convey
different but equally important findings, as proportional analyses can guide use of cancer-related healthcare
resources within the Armenian population, and incidence rate analyses can be used to discover and
address risk factors for higher risk of certain cancer types among Armenians compared to NHWSs. In the
context of our study, we think our incidence rate calculations should be interpreted with caution due to
uncertainty regarding accuracy of ACS population estimates.®® While we encourage future studies to further
refine Armenian population estimates, we believe the incidence rate data can provide complementary
information to our proportional incidence analyses.

Our observation of a substantially higher proportion of stomach cancer among Armenians suggests
a need for further exploration into the etiology of this cancer among this population. Risk factors for stomach
cancer include a diet high in salt, smoked, processed, grilled, or barbecued meat, and low in fruits,
vegetables, and fiber.1°0101 Obesity, a known risk factor for stomach, colorectal, and multiple other cancers,
is a known public health issue in Armenia, with over half the population being overweight (22%) or obese
(29%).192 While the prevalence of obesity in the Armenian population of California or the United States is
unknown, a previous study in a Los Angeles County hospital showed that Armenian patients had a higher
proportion of hyperlipidemia compared to non-Armenian patients that may be related to either a diet high
in saturated fats, red meat, or alcohol, or a possible genetic predisposition for hyperlipidemia among
Armenians.*? In addition to diet and obesity, tobacco and alcohol use, low physical activity, family history
of stomach cancer, and environmental exposure to infections such as Helicobacter pylori (H. pylori) and
hepatitis B are all known risk factors.1%01 Some studies also suggest an association between H. pylori
exposure and colorectal cancer, which was also proportionally higher among Armenians in our study.'%
The highest stomach cancer incidence rates in the world have been observed in Eastern Asia followed by
Central and Eastern Europe,'® and evidence suggests that first-generation immigrants to the United States

may have had higher exposure to these harmful environmental agents in comparison to second-generation
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immigrants.®! Further, a study conducted at a hospital in Los Angeles County with a large patient population
of Armenian immigrants found that Armenians made up 61% of all stomach cancer cases diagnosed at the
hospital .8 Additionally, the study showed that Armenian immigrants from Armenia had lower rates of
stomach cancer compared to immigrants from Middle-Eastern and other countries, providing supporting
evidence of environmental effects on this observed disparity, as opposed to a genetic predisposition for
stomach cancer.®3 Our findings of high stomach and colorectal cancer proportions suggest the need for
further research considering environmental and generational factors, to better understand and address
cancer risk factors among the Armenian population in California.

We also observed higher proportions of several tobacco-related cancers particularly among
Armenian males, including lung, bladder, leukemia, kidney, liver and IBD.%%* Tobacco-use, mainly in the
form of cigarettes, has been an ongoing public health issue among Armenian men.?” Armenian men are
estimated to have the 12" highest smoking rate in the world, and 28% of the Armenian population, 51.8%
of men and 1.6% of women, are current smokers.?”1% While the percentage of women in Armenia who
smoke is much lower than men, over half of women in Armenia are exposed to second-hand smoke at
home.% In addition, among 30 low-middle income countries studied, pregnant women in Armenia have the
highest percentage (70%) of daily second-hand smoke exposure.1607 As of 2022, lung cancer had the
highest incidence in Armenia among all cancers studied.?* It was the most frequent cancer among men,
and the fifth-most frequent among women, accounting for 22.5% of new cases among men and 5% among
women.?* In our study, lung cancer was the second-most common among men and third-most common
among women. We also found that men had a significantly higher proportion, while women had a
significantly lower proportion and incidence rate of lung cancer compared to NHWSs, and a possible
explanation for this finding may be partly attributed to the higher percentage of smoking among NHW
women in California (7%), compared to Armenian women in Armenia (1.6%).1% Further studies regarding
tobacco-use behaviors among Armenians in California are needed to understand whether the high smoking
prevalence observed in Armenia remains a pattern post-immigration. Our results, along with the high
percentages of tobacco-use, lung cancer, and multiple tobacco-related cancers among men in Armenia,®
suggest that tobacco-use behaviors among Armenian men in California warrant attention, including the

implementation of culturally competent tobacco-cessation programs.
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Our findings of higher proportional incidence of thyroid cancer among Armenians are consistent
with previous studies among the Middle-Eastern group in California that included Armenians compared to
NHWSs.5981 Although the primary known risk factor for thyroid cancer is exposure to radiation, thyroid cancer
is often preceded by benign thyroid disease.'?® lodine deficiency is a known risk factor for thyroid disease
and may therefore be indirectly linked with eventual development of thyroid cancer.'® Sources of radiation
exposure over time in Armenia include the Chernobyl accident of 1986, the Armenian Nuclear Power Plant,
tests of nuclear weapons in the 1950s and 1960s, mining, cosmic rays in mountainous regions, and natural
radioactivity of urban soil.*'° Research from the 1970s showed Armenia to be an iodine-deficient country
after discovering high prevalence of goiter among children and adults.**%112 |n 1995, a survey found that
half of pregnant women and 40% of 6-12 year old children had goiter.*'? In the 1990s, even after a major
salt producer in Armenia iodized table salt, goiter prevalence remained high in the next 10 years.*'! As
such, in 2004, the Government of Armenia initiated a salt iodization strategy, requiring the fortification of
food and salt with iodine.'** While this national strategy successfully reduced levels of iodine deficiency,
recent studies have still observed possible high risk of thyroid disorders in Armenia.'*® Our findings highlight
the need to better understand the etiology of and risk factors for thyroid cancer among different generations
of Armenians in California.

Our study has limitations. One limitation is that we used ACS data to calculate age-adjusted
incidence rates among Armenians and previous studies have shown inconsistent incidence rates that were
calculated using ACS population estimates compared with SEER population estimates among small
populations.®® Specifically, our population estimates would not capture Armenians not identified by the
ancestry variable in ACS, potentially underestimating the numbers of Armenians in California. Given this
limitation, we advocate for continued efforts in collecting accurate population estimates to further assess
cancer incidence among Armenians to confirm our findings. Another limitation is the high percentage of
missing country of birth in the CCR (32%), impacting our ability to compare birthplace between the CCR
and ACS data. However, prior studies observed that those with missing country of birth in the CCR are
more likely to be US-born rather than foreign-born,'4115 suggesting that a significant proportion of the
patients with unknown country of birth are actually US-born. This is further supported by the only somewhat

lower proportions of foreign-born Armenians identified in the CCR (55.2%) than the ACS (60.7-61.6%).
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While we used available father’s last names and maiden names, in addition to last names, to identify
Armenians with cancer, a common limitation we faced was the lack of mother’s last name in the CCR, which
may have prevented the identification of cancer patients who have Armenian mothers with an Armenian
last name and fathers with non-Armenian last names. In addition, Armenians with non-Armenian last
names, either due to marriage or other changes, may have not been identified particularly in cases of
missing maiden names and father’s last names. Additionally, the data we used to calculate incidence rates
included Armenians from different generations, and different generations of Armenians likely have differing
cancer incidence due to the effects of acculturation on cancer risk.8* While we did not have a ‘gold standard’
list or contact people to confirm their ethnic origin for validation of the ASL, we evaluated the ASL previously,
including using NamSor, an onomastic classification tool, and found that 81% of surnames had Armenia
listed as the most or second-most likely country of origin.%” Despite these limitations, a significant strength
in our study was that this was the first research application of the newly developed ASL as a tool for
identifying Armenians in large research databases that can be utilized by other cancer registries.

Our study findings highlight numerous cancer patterns among the Armenian population, including
disproportionately higher stomach, colorectal, and thyroid cancers among men and women and tobacco-
related cancers among men. Our findings of significantly different incidence rates of several cancers among
Armenians diagnosed between 2006 to 2015 have potential to guide healthcare professionals serving the
Armenian community in California toward targeted cancer screening interventions. Most notably, the
significantly higher incidence rate ratios and proportional incidence ratios of stomach cancer observed
among Armenian males and females provide further confirmation that public health interventions to
understand stomach cancer etiology are necessary. In addition, our findings suggest the need for further
research considering nativity and generational factors, to better understand and address cancer etiology
among the Armenian population in California. We encourage researchers and healthcare professionals,
particularly in areas of California with the largest Armenian populations, such as Los Angeles and Fresno
counties, to use these data as a basis to examine cancers disproportionately impacting Armenian
populations and for developing culturally competent interventions to address risk factors such as tobacco-

use, obesity, and exposure to harmful environmental agents.
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Table 2.1 Characteristics of Armenians diagnosed with cancer in California,
California Cancer Registry, 1988-2019

Male Female Total
(n=13,754) (n=13,458) (N=27,212)
Characteristics n % n % N %
Age at diagnosis
Oto9 69 (0.5) 51 (0.4) 120 (0.4)
10to 19 66 (0.5) 65 (0.5) 131 (0.5)
20 to 29 157 (1.1) 173 (1.3) 330 (1.2)
30to 39 312 (2.3) 574 (4.3) 886 (3.3)
40 to 49 717 (5.2) 1,380 (10.3) 2,097 (7.7)
50 to 59 2,048 (14.9) 2,474 (18.4) 4,522 (16.6)
60 to 69 4,002 (29.1) 3,197 (23.8) 7,199 (26.5)
70+ 6,383 (46.4) 5,544 (41.2) 11,927 (43.8)
County
Los Angeles 10,722 (78.0) 10,054 (r4.7) 20,776 (76.3)
Fresno 724 (5.3) 840 (6.2) 1,564 (5.7)
Orange 441 (3.2) 465 (3.5) 906 (3.3)
San Diego 230 17 264 (2.0) 494 (1.8)
Sacramento 159 (1.2) 207 (1.5) 366 (1.3)
Santa Clara 162 (1.2) 202 (1.5) 364 (1.3)
San Francisco 145 (1.2) 179 (1.3) 324 (1.2)
Other 1,171 (8.5) 1,247 (9.3) 2,418 (8.9)
Country of Birth
Armeniaa 2,775 (20.2) 2,687 (20.0) 5,462 (20.1)
United States 1,589 (11.6) 1,898 (14.1) 3,487 (12.8)
Iran 1,803 (13.1) 1,652 (12.3) 3,455 (12.7)
Lebanon 604 (4.4) 555 (4.1) 1,159 (4.3)
Syria 537 (3.9) 436 3.2) 973 (3.6)
Russia 458 (3.3) 508 (3.8) 966 (3.5)
Turkey 463 (3.4) 346 (2.6) 809 (3.0)
Greece 244 (1.8) 211 (1.6) 455 (1.7)
Iraq 176 (1.3) 179 (1.3) 355 (1.3)
Egypt 116 (0.8) 115 (0.9) 231 (0.8)
Other 545 (4.0 599 (45) 1,144 (4.2)
Unknown 4,444 (32.3) 4,272 (31.7) 8,716 (32.0)

alncludes Asian Republics of the USSR.
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Table 2.2 Age-adjusted proportional incidence ratios for the 10 most common
cancers in Armenian patients compared to NHW patients, California Cancer
Registry, 1988-2019

Cancer Site Observed Expected PIR 95% CI

Male
Prostate 3,132 3,741.82 0.84* (0.81-0.87)
Lung 2,088 1,799.24 1.16* (1.11-1.21)
Colorectal 1,695 1,318.04 1.29* (1.23-1.35)
Bladder 1,531 1,002.81 1.53* (1.45-1.61)
NHL 587 622.39 0.94 (0.87-1.02)
Stomach 530 222.15 2.39* (2.19-2.60)
Leukemia 519 448.59 1.16* (1.06-1.26)
Kidney 501 452,73 1.11* (1.01-1.21)
Pancreas 348 338.80 1.03 (0.92-1.14)
Liverand IBD 257 216.01 1.19* (1.05-1.34)

Female
Breast 4,380 4,349.37 1.01 (0.98-1.04)
Colorectal 1,634 1,269.37 1.29* (1.23-1.35)
Lung 839 1,702.06 0.49* (0.46-0.53)
Uterine 818 813.01 1.01 (0.94-1.08)
NHL 573 499.97 1.15* (1.05-1.24)
Thyroid 564 382.58 1.47* (1.36-1.60)
Ovary 498 437.15 1.14* (1.04-1.24)
Stomach 400 123.56 3.24* (2.93-3.57)
Pancreas 393 327.10 1.20* (1.09-1.33)
Leukemia 385 321.59 1.20* (1.08-1.32)

PIR: Proportional Incidence Ratio
NHL: non-Hodgkin lymphoma
IBD: intrahepatic bile duct
*Statistically significant.
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Table 2.3 Age-Adjusted incidence rates and rate ratios and proportional incidence ratios of the top 10 cancers
among Armenian patients compared with NHW patients, California Cancer Registry, 2006-2015

Armenian NHW

Cancer Site Count IR (95% CI) Count IR (95% CI) IRR  (95% CI) ©) E PIR (95% CI)

Male
Prostate 1,169 80.0 (75.4-84.6) 131,406 125.3 (124.6-126.0) 0.64* (0.60-0.68) 1,169 1,409.16 0.83* (0.78-0.88)
Lung 832 57.7 (53.7-61.6) 59,198 59.9 (59.4-60.4) 0.96 (0.89-1.03) 832 643.42 1.29* (1.21-1.38)
Colorectal 711 50.3 (46.5-54.0) 44,391 451 (44.6-45.5) 1.12* (1.03-1.20) 711 479.65 1.48* (1.38-1.60)
Bladder 649 451 (41.7-48.8) 38,850 39.8 (39.4-40.2) 1.13* (1.05-1.23) 649 421.97 1.54* (1.42-1.66)
NHL 253 18.2 (15.9-20.2) 24,407 25.4 (25.1-25.7) 0.72* (0.63-0.81) 253 265.26 0.95 (0.84-1.08)
Stomach 198 13.9 (12.0-16.0) 7,692 7.8 (7.6-8.0) 1.78* (1.55-2.06) 198 83.19 2.38* (2.06-2.74)
Leukemia 211 15.7 (13.6-18.0) 17,606 18.8 (18.5-19.1) 0.84* (0.73-0.96) 211 192.27 1.10 (0.95-1.26)
Kidney 228 159 (13.9-18.2) 20,158 20.3 (20.0-20.6) 0.79* (0.69-0.89) 228 217.24 1.05 (0.92-1.19)
Pancreas 145 101  (8.5-11.9) 13,810 13.8 (13.6-14.1) 0.72* (0.62-0.86) 145 149.35 0.97 (0.82-1.14)
Liverand IBD 108 7.4 (6.1-9.0) 10,988 10.3  (10.1-10.5) 0.72* (0.59-0.87) 108 117.78 0.92 (0.75-1.11)

Female
Breast 1,664 102.9 (97.8-108.0) 150,964 139.7 (138.9-140.4) 0.74* (0.70-0.77) 1,664 1,716.53 0.97 (0.92-1.02)
Colorectal 661 36.8 (33.9-39.7) 41,490 35.3 (34.9-35.6) 1.04 (0.96-1.13) 661 459.94 1.44* (1.33-1.55)
Lung 343 18.7 (16.7-20.7) 60,259 50.7 (50.3-51.2) 0.36* (0.33-0.41) 343 661.20 0.52* (0.47-0.58)
Uterine 330 19.4  (17.3-21.5) 29,217 256 (25.3-25.9) 0.76* (0.68-0.85) 330 327.29 1.01 (0.90-1.12)
NHL 257 149 (13.1-17.0) 18,780 16.6 (16.3-16.8) 0.90 (0.79-1.02) 257 210.09 1.22* (1.08-1.38)
Thyroid 254  17.3 (15.1-19.5) 16,646 19.1  (18.8-19.4) 0.91 (0.79-1.03) 254  204.43  1.24* (1.09-1.41)
Ovary 200 11.8 (10.2-13.7) 14,382 13.1 (12.9-13.4) 0.90 (0.78-1.04) 200 163.44 1.22* (1.06-1.41)
Stomach 152 8.7 (7.3-10.3) 4,041 3.4 (3.3-3.5) 2.54* (2.15-2.99) 152 44.63 3.41* (2.89-3.99)
Pancreas 168 9.2 (7.9-10.8) 12,790 105 (10.3-10.7) 0.88 (0.75-1.02) 168 139.64 1.20* (1.03-1.40)
Leukemia 164 9.7 (8.2-11.4) 12,108 11.2 (10.9-11.4) 0.87 (0.74-1.02) 164 136.33 1.20* (1.03-1.40)

IR: Age-adjusted incidence rate per 100,000 people, IRR: Rate Ratio, PIR: Age-adjusted Proportional Incidence Ratio, Cl: Confidence Interval, O:

Observed, E: Expected, NHL: non-Hodgkin lymphoma, IBD: intrahepatic bile duct.
*Statistically significant at p<0.05.




Supplemental Table 2.1 Armenian population demographics in California,
American Community Survey, 2006-2015

2006-2010 2011-2015
Characteristics N % N %
Population
California population 36,637,290 38,421,464
Armenian population 241,323 (0.7) 259,430 0.7)
Sex
Male 117,867 (48.8) 125,075 (48.2)
Female 123,456 (51.2) 134,355 (51.8)
Age,y
Oto9 24,222 (10.0) 25,183 9.7)
10to 19 30,333 (12.6) 29,099 (11.2)
20to 29 36,357 (15.1) 38,276 (14.8)
30to 39 30,122 (12.5) 34,539 (13.3)
40 to 49 35,819 (14.8) 32,731 (12.6)
50 to 59 34,985 (14.5) 38,764 (14.9)
60 to 69 21,885 (9.1) 27,920 (10.8)
70+ 27,600 (11.4) 32,918 (12.7)
County
Los Angeles 179,279 (74.3) 196,075 (75.6)
Fresno 10,602 (4.4) 10,052 (3.9)
Orange 10,226 4.2) 9,136 (3.5)
San Diego 5,503 (2.3) 5,292 (2.0)
Santa Clara 3,349 (1.4 3,098 1.2)
Sacramento 3,318 (1.4) 5,440 (2.1)
San Mateo 2,791 1.2) 2,379 (0.9
Other 18,856 (7.8) 21,605 (8.3)
Unknown 7,399 (3.2) 6,353 (2.4)
Nativity
Foreign-Born 148,638 (61.6) 157,566 (60.7)
United States-Born 92,685 (38.4) 101,864 (39.3)
Country of Birth
United States 92,685 (38.4) 101,864 (39.3)
Armenia 61,300 (25.4) 65,776 (25.4)
Iran 39,817 (16.5) 47,197 (18.2)
Lebanon 12,606 (5.2) 12,267 4.7)
Syria 7,733 (3.2 6,947 2.7)
Iraq 4,484 (1.9) 4,369 1.7
Turkey 3,156 (1.3) 2,749 (1.2)
Russia 2,910 (1.2) 3,023 1.2)
Other 16,632 (6.9) 15,238 (5.9)

Source: American Community Survey 2010 and 2015 5-Year Selected Population Profile.5*
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Supplemental Table 2.2 Characteristics of Armenian and NHW patients
diagnosed with cancer in California, California Cancer Registry, 1988-2019

Armenian NHW
(n=27,212) (n=3,094,510)
Characteristics n % n %
Year of Diagnosis
1988-1998 5,572 (20.5) 1,025,176 (33.1)
1999-2009 9,658 (35.5) 1,081,555 (35.0)
2010-2019 11,982 (44.0) 987,779 (31.9)
Age at Diagnosis
Oto9 120 (0.4) 9,705 (0.3)
10to 19 131 (0.5) 10,663 (0.3)
20to 29 330 (1.2) 34,552 (1.1)
30to 39 886 (3.3) 92,192 (3.0)
40 to 49 2,097 (7.7) 223,596 (7.2)
50 to 59 4,522 (16.6) 484,491 (15.7)
60 to 69 7,199 (26.5) 801,715 (25.9)
70+ 11,927 (43.8) 1,437,596 (46.5)
Sex
Male 13,754 (50.5) 1,600,579 (51.7)
Female 13,458 (49.5) 1,493,931 (48.3)
Cancer Type
Breast 4,422 (16.3) 478,260 (15.5)
Colorectal 3,329 (12.2) 300,226 (9.7)
Prostate 3,132 (11.5) 434,593 (14.0)
Lung 2,927 (10.8) 405,193 (13.1)
Bladder 1,893 (7.0) 152,827 (4.9
NHL 1,160 (4.3) 129,014 (4.2)
Stomach 930 (3.4) 40,212 (1.3)
Leukemia 904 (3.3) 86,913 (2.8)
Uterine 818 (3.0) 89,563 (2.9)
Kidney 764 (2.8) 81,330 (2.6)
Other 6,933 (25.5) 896,379 (29.0)
County
Los Angeles 20,776 (76.3) 607,854 (19.6)
Fresno 1,564 (5.7) 60,976 (2.0)
Orange 906 (3.3) 274,888 (8.9)
San Diego 494 (1.8) 295,728 (9.6)
Sacramento 366 (1.3) 132,726 4.3)
Santa Clara 364 (1.3) 133,973 (4.3)
San Francisco 324 (1.2) 68,389 (2.2)
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Other

Nativity
United States-Born
Foreign-born
Unknown

2,418

3,487
15,009
8,716

(8.9)

(12.8)
(55.2)
(32.0)

1,519,976

1,575,466
177,886
1,341,158

(49.1)

(50.9)
(5.7)
(43.3)

NHL: non-Hodgkin lymphoma
IBD: intrahepatic bile duct
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Abstract

Introduction: While California is home to the largest population of Armenians in the United States, the
historical categorization of Armenians as ‘White’ or ‘Some Other Race’ in population databases has limited
our knowledge of stage diagnosis and cancer-specific survival for tobacco-related cancers among
Armenians.

Methods: We used the Armenian Surname List and birthplace information in the California Cancer Registry
to identify Armenians with cancer diagnosed during 1988-2019. We used Cox proportional hazards models
to calculate cancer-specific survival and logistic regression models to calculate odds of late-stage
diagnoses among Armenian and non-Hispanic White (NHW) patients for stomach, lung, colorectal, and
bladder cancers.

Results: There were 639,224 stomach, lung, colorectal, and bladder cancer diagnoses identified from 1988
to 2019, 6,642 among Armenian patients and 632,582 among NHW patients. Higher proportions of
Armenians resided in the lowest socioeconomic status (SES) neighborhoods (31.1%), had public insurance
(56.4%), and were foreign-born (57.9%) compared to NHW individuals (23.6%, 24.7%, and 5.8%,
respectively). Armenian patients were significantly more likely to be diagnosed with late-stage colorectal
(OR=1.12, 95% CI=1.03-1.22), lung (OR=1.26, 95% CIl=1.12-1.42), and stomach (OR=1.43, 95% CI=1.17-
1.74) cancers, and low neighborhood SES and public insurance were significantly associated with late-
stage diagnoses. In multivariable models adjusted for sociodemographic and clinical factors, Armenian
patients had better survival than NHWs for stomach (HR=0.85, 95% CI=0.76-0.94), lung (HR=0.86, 95%
Cl=0.82-0.91), colorectal (HR=0.82, 95% CI=0.77-0.88), and bladder (HR=0.87, 95% CI=0.76-0.99)
cancers.

Conclusion: While Armenian patients were at greater risk of late-stage diagnoses of colorectal, lung, and
stomach cancers, we observed better survival among Armenian patients compared to NHW patients.
Further research is needed to understand factors impacting survival in Armenians, including genetic,
behavioral, and social factors. Our findings of lower SES and public health insurance associated with late-

stage diagnoses suggest a need for increased access to care and cancer screening among Armenians.
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Introduction

Cancer continues to be a leading cause of death in California, with nearly 60,000 deaths per year.'® While
previous population-based research studies in the large and racially/ethnically diverse state of California
have observed differences in cancer survival among individuals in the non-Hispanic Black, Hispanic,
Asian/Pacific Islander, and American Indian categories compared to those in the non-Hispanic White
(NHW) category, cancer survival has not been studied among many growing race/ethnic sub-categories,
including Armenians.””*17-122 California is home to the largest population of Armenians in the United States.”
Out of the 259,430 Armenians in California as estimated by the American Community Survey, a majority
(60.7%) are foreign-born.>* However, due to a lack of a direct and consistent identification method,
Armenians in the United States have historically been included in the ‘White’ or ‘Some Other Race’
race/ethnicity categories in population-based research studies despite this population having unique
genetic, behavioral, environmental, and social factors that may impact survival.#243123124 The historical
grouping of Armenians within a broad NHW category has likely masked cancer survival patterns among the
Armenian population.*”

Tobacco-use, a significant risk factor for the development of several cancers, remains a major
public health issue in Armenia.?’” An estimated 52% of men and 2% of women are current smokers, and
over half of tobacco-related annual deaths occur among individuals younger than 70 years old.?” In addition
to causing cancer, tobacco-use negatively impacts effectiveness of cancer treatment and is associated with
lower survival after diagnosis.'?>?6 Qur prior work using the recently developed Armenian Surname List
(ASL) as well as birthplace and surname data from the California Cancer Registry (CCR) showed
significantly higher incidence of several cancers that are tobacco-related including stomach, lung,
colorectal, and bladder cancers among Armenians compared to NHWSs in California.*?’ However, no
studies, to our knowledge, have assessed cancer survival data among Armenians compared to NHWS in
California. Cancer survival may differ, as cancer mortality rates are notably higher in Armenia (10.1 per
100,000) than in NHW individuals in California (2.1 per 100,000), and mortality rates in Armenia have been
increasing in recent years.3"128.12% Fyrther, previous studies have also provided evidence for lower cancer

survival in Armenia compared to high-income countries, including the United States.3® Differences in
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survival may also relate to stage at diagnosis, as nearly half (49%) of all cancers, and a majority of several
tobacco-related cancers including stomach (70%), lung (82%), and colorectal (56%) cancers in Armenia,
are diagnosed at late-stage.36-38

Understanding differences in stage at diagnosis and survival is a critical step to identify and reduce
any disparities in cancer outcomes among Armenians. Therefore, we examined cancer survival for four
common tobacco-related cancers observed among Armenians.*” Specifically, we compared odds of late-
stage diagnosis and cancer-specific survival for stomach, lung, colorectal, and bladder cancers between
Armenian and NHW patients. Additionally, we examined characteristics associated with late-stage

diagnoses among the Armenian patient population.

Methods

Data Sources

The California Cancer Registry (CCR) is a statewide population-based cancer surveillance system with
similar reporting guidelines as the Surveillance, Epidemiology, and End Results (SEER) database and has
collected cancer diagnoses in California since 1988.1%° The CCR is one of the largest cancer registries in
the world and is Gold Certified by the North American Association of Central Cancer Registries
(NAACCR).'® Information available in the CCR includes patient demographics, primary tumor site, tumor
morphology, stage at diagnosis, first course of treatment, country of birth, and county of diagnosis. The
CCR obtains vital status and cause of death information through routine linkages with state and national
databases, providing follow-up information for vital status for all cancers except non-melanoma skin

cancers.

Study Population

To identify Armenians with cancer diagnoses, we used Match*Pro probabilistic linkage software to link the
ASL and surnames from the CCR with birthplace in Armenia that were not in the ASL with the CCR
December 2021 incidence file extract containing primary cancers complete for years of diagnosis 1988
through 2019.4794127 We extracted Armenians from the NHW and other race and ethnicity categories to

create a separate, mutually exclusive Armenian group. We selected data from the CCR on Armenian and
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NHW patients diagnosed with first-primary, malignant stomach, lung, colorectal, and bladder cancers from
1988 to 2019. We excluded autopsy and death certificate diagnoses and records with missing survival time
(n=13,112). We also excluded unknown/other sex categories (n=72). Tumor sites were selected based on
International Classification of Diseases for Oncology, 3rd edition/World Health Organization (ICD-O-

3/WHO) 2008 site codes and are shown in Supplemental Table 3.1.95:%

Sociodemographic and Clinical Variables

Sex was categorized as male and female. We used SEER Summary Stage to define stage at diagnosis
(localized, regional, remote, and unknown), with late-stage defined as regional or remote.'3! Health
insurance types were organized into five categories: 1) not insured; 2) private included private insurance
not otherwise specified (NOS), fee for service, managed care health maintenance organization (HMO), or
preferred provider organization (PPO), Medicare with supplement, NOS, Medicare with private supplement,
and TRICARE; 3) public included Medicaid, Medicaid administered through managed care plan, Medicare
without supplement, Medicare, NOS, Medicare administered through a managed care plan, and Medicare
with Medicaid eligibility; 4) other public included Military, Veterans Affairs, Indian/Public Health Service, and
county funded, NOS; and 5) unknown, as done previously.'®? For logistic regression analyses, we combined
unknown with not insured, and public with other public due to small numbers. Neighborhood SES (nSES)
was categorized into lowest, middle, and highest groups.'®® We also considered marital status (married/in
partnership, previously married, single/never married, and unknown), nativity (US-born, foreign-born, and
unknown), and number of comorbidities (none, one or two, three or more, and unknown).??2134 We
categorized known cigarette use (not including electronic cigarettes) as of diagnosis date into current use

and never/former use for patients diagnosed during 2014-2019 when this data was more routinely collected.

Analyses

Demographic characteristics and cancer characteristics were presented for the Armenian and NHW
population. For descriptive analyses of cigarette use during 2014-2019, we excluded unknown values of
known cigarette use at the time of diagnosis (n=32,634). To examine odds of late-stage diagnoses among
Armenian patients compared to NHW patients, and to assess sociodemographic factors associated with

late-stage diagnoses among Armenian patients, we used multivariable logistic regression models adjusted
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for year of diagnosis, age at diagnosis, sex, nSES, insurance type, marital status, comorbidity, and reporting
regional cancer registry. Given the general Medicare eligibility age of 65 years,*3> we additionally examined
the relationship between insurance type and late-stage diagnoses within separate age groups of <65 and
65+ years old.

We used multivariable Cox proportional hazards regression models to calculate hazard ratios (HRs)
and associated 95% confidence intervals (Cis). Survival time was calculated using date of cancer diagnosis
and date of last contact (follow-up) or death. Patients who died of other or unknown causes, or patients
who were alive at the study cut-off date of December 31, 2019, were censored at that time. We compared
stomach, lung, colorectal, and bladder cancer survival among Armenians and NHWs, adjusting for variables
consistent with previous cancer survival studies, including year of diagnosis, reporting regional registry,
marital status, age, tumor site and histology, nSES, sex, insurance type, first course of treatment,
comorbidity, and stage at diagnosis.”” For each model, we assessed the proportional hazards assumption
by visually inspecting survival curves (log(-log) of the survival probability) by log (survival months of active
follow-up).*% Variables that violated the proportional hazards assumption were then stratified in the final
model. After observing a significant interaction between race/ethnicity and stage at diagnosis for lung
cancer (p=0.017), we assessed survival by each level of cancer stage. To estimate patients lost to follow-
up (LTFU), we calculated the time interval in years between last follow-up date and study cut-off date among
those who were alive. Alive patients with last follow-up date more than two years prior to the study cut-off
date were defined as LTFU. Sensitivity analyses assuming all patients LTFU and only foreign-born patients
who were LTFU died at the date of last contact were conducted to determine the impact on survival
differences between Armenians and NHWs. All analyses were conducted using SAS version 9.4 software

(SAS Institute Inc., Cary, NC, USA).

Results

A total of 639,224 cancer cases were identified from the CCR from 1988 to 2019, 6,642 among Armenians
and 632,582 among NHW individuals (Table 3.1). Among Armenians, a higher percentage (43.4%) of
diagnoses occurred in the most recent years of diagnosis compared to NHW patients (26.1%). More

diagnoses were observed among Armenian males (62.4%) and NHW males (54.9%) compared to females
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in each group. Higher proportions of Armenians resided in the lowest nSES neighborhoods (31.1%), were
married (64.3%), had public insurance (56%), and were foreign-born (57.9%) compared to NHW individuals
(23.6%, 53.8%, 24.7%, and 5.8%, respectively). Analyses of known cigarette use during 2014-2019 (68.9%
of Armenians and 66.8% of NHWSs) showed that 29.1% of Armenian patients (83.0% male) compared to
22.4% of NHW cancer patients (56.2% male) were current cigarette users.

We observed somewhat higher proportions of late-stage diagnoses for stomach (69.5% vs. 66.1%),
lung (79.8% vs. 73.4%), and colorectal (60.7% vs. 57.9%) cancers among Armenians compared to NHWs
(Figure 3.1). We observed significantly higher odds of late-stage colorectal (OR=1.12, 95% CI=1.03-1.22),
lung (OR=1.26, 95% Cl=1.12-1.42), and stomach (OR=1.43, 95% CI=1.17-1.74) cancers among Armenian
patients compared to NHW patients (Figure 3.2). In multivariable models by cancer type in Armenians,
lowest (OR=1.73, 95% CI=1.03-2.92) and middle (OR=1.79, 95% CI=1.10-2.90) nSES status was
associated with late-stage stomach cancer (Table 3.2). Male sex (OR=1.70, 95% CI=1.28-2.25) and public
health insurance (OR=1.57, 95% CI=1.18-2.09) was associated with late-stage lung cancer. For colorectal
cancer, public health insurance among patients younger than 65 years (OR=1.54, 95% Cl=1.12-2.13) was
associated with late-stage disease. Patients residing in the lowest nSES (OR=1.99, 95% Cl=1.22-3.26) and
with public health insurance (OR=1.99, 95% Cl=1.22-3.26) were significantly more likely to be diagnosed
with late-stage bladder cancer.

In multivariable models adjusting for sociodemographic and clinical factors, including stage at
diagnosis, for each of the four cancers studied, we observed lower hazard of death among Armenians
compared to NHWSs, showing a modest survival advantage among Armenians for stomach (HR=0.85, 95%
Cl=0.76-0.94), lung (HR=0.86, 95% CI=0.82-0.91), colorectal (HR=0.82, 95% CI=0.77-0.88), and bladder
(HR=0.87, 95% CI=0.76-0.99) cancers (Table 3.3). Additionally, survival estimates of Armenians relative to
NHW individuals by stage at diagnosis for lung cancer showed no significant differences for localized and
regional stage, and better survival for remote stage (HR=0.84, 95% CI=0.79-0.89). Among 111,811 patients
alive at last follow-up, n=1,918 Armenian and n=109,893 NHW, 7.7% of Armenian and 3.4% of NHW
patients were LTFU. We also observed a greater percentage of LTFU among foreign-born patients among
Armenian (9.04%) and NHW (9.25%) compared to patients with United States/unknown place of birth

(4.8%, 2.8%, respectively). In two sensitivity analyses, when we assumed that all patients LTFU died at the
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date of last contact or all foreign-born LTFU patients died at the date of last contact, we observed similar
results to our findings in Table 3.3, except for bladder cancer where there was similar survival between

Armenian and NHW patients (Supplemental Table 3.2).

Discussion

To our knowledge, this is the first population-based study to consider stage at diagnosis and cancer-specific
survival among the Armenian compared to the NHW population in California. We observed a higher
likelihood of late-stage diagnoses for colorectal, lung, and stomach cancers among Armenian compared to
NHW patients, suggesting potential barriers to timely cancer screening for lung and colorectal cancer in
Armenians. After consideration of stage at diagnosis and other sociodemographic and clinical factors, we
additionally found a moderate survival advantage among Armenian compared to NHW patients for all four
cancers studied. Our findings highlight the need to understand factors impacting the survival advantage in
Armenians, including the role of genetics, behavioral and social factors, or biases in ascertainment of
survival data.

The higher likelihood of late-stage diagnoses for three of the four tobacco-related cancers among
Armenians compared to NHW patients may indicate barriers to reliable healthcare among the Armenian
population in California. Lung and colorectal cancers are both screen-detectable, and the disparity in late-
stage diagnoses among the Armenian population may signal potential barriers to care, including routine
annual examinations and timely cancer screening for screen-detectable cancers. Consistent with previous
studies,*"~1%° public health insurance was associated with late-stage lung and colorectal cancers among
younger Armenians (<65 years old), suggesting that increased access to reliable health insurance may be
needed for early cancer detection among the Armenian community. Further, Armenians residing in lower
SES neighborhoods were more likely to be diagnosed with late-stage stomach and bladder cancers,
signaling a need for additional research to understand specific barriers among the Armenian population
experiencing economic disadvantage. Previous studies have identified that socioeconomic disadvantage
presents numerous risks for late-stage diagnoses, including unreliable access to health care and lack of
job security and transportation.'®® The higher proportion of foreign-born Armenian patients may also

suggest additional difficulties receiving adequate healthcare, as supported by studies showing that
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immigrant populations face increased barriers to access, including linguistic barriers, and are less likely to
use preventive health services including cancer screening.140-142

The modest survival advantage among Armenian patients may be related to a variety of factors,
such as reliable community and family support after cancer diagnosis, the salmon bias, or better overall
health among Armenians.” Previous research has shown a significant connection between ethnic identity,
cultural beliefs and values, and self-care of cancer survivors, and this is relevant to our study as a majority
of Armenian patients (57.9%) in our study were foreign-born and may closely adhere to traditional Armenian
cultural norms and behaviors.'* Further, the better survival observed among Armenians may be related to
the salmon bias where patients with cancer may have left California to return to their native country in later
years of life or after illness.'** The salmon bias has previously been used to explain lower mortality among
foreign-born Hispanic cancer patients in California, and better survival of Middle-Eastern women (including
Armenian women) with advanced stage breast cancer compared to NHW women.*®14% The higher LTFU
among Armenian compared to NHW patients raises the question of whether these patients returned to
Armenia or other native countries post-diagnosis. However, the similar survival patterns observed in our
sensitivity analyses suggest that LTFU does not explain the survival advantage observed among Armenian
patients in our study. Our findings may also relate to the healthy immigrant effect, which has been used to
explain the better health of immigrants in the United States compared to US-born populations.#¢ However,
additional information on the health among Armenian cancer patients would be required to confirm its role
in cancer survival statistics.

To understand the survival advantage of Armenian cancer patients more fully, genetic and
epigenetic studies are also needed. Previous epigenetic studies have examined the Hispanic Paradox in
the United States to better understand the lower mortality observed among Hispanic patients compared to
NHW patients despite lower SES, higher percentage uninsured, higher cardio-metabolic disease, higher
prevalence of obesity, and type 2 diabetes.*>147 Among other findings, researchers found that Hispanic
populations of Mexican ancestry in California have lower rates of intrinsic aging in their blood and suggest
this finding has a more plausible connection to the lower overall mortality risk as opposed to the healthy
immigrant effect.’*” Genetic and epigenetic studies to understand cancer survival among Armenians are

necessary given the genetic continuity maintained among the Armenian population since the Bronze Age,**®
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and a previously discovered link between Armenian ethnicity and increased cardiovascular disease risk in
California.*?

Given the continued public health burden of tobacco-use in Armenia, and the majority foreign-born
population of Armenians in California, it is important to understand tobacco-use among Armenians after
immigration.?®6 While tobacco-use data among the Armenian population in California is currently
unavailable, we observed a higher percentage of cigarette use among Armenian cancer patients, and a
clear gender disparity in cigarette use among Armenian male and female patients. Our findings point to the
need for educational interventions pertaining to the negative effects of tobacco-use on cancer treatment
and survival.'?® While cigarette use patterns in California appear to follow those observed in Armenia, our
findings should be interpreted with caution due to the more recent availability and high proportion of missing
cigarette use data in the CCR, and uncertainty as to whether these variables were missing at random
between the two race/ethnic groups and among males and females.

While the use of the ASL allowed the study of cancer survival among Armenians for the first time,
the ASL is subject to common limitations arising with the use of surname lists in general.#” A common
limitation is the possibility of missing Armenian patients with non-Armenian last names who may have
changed their last names due to marriage or other reasons. While we included maiden name and father’'s
surname where available to minimize this limitation, it is still possible we may have missed identifying
Armenian patients with non-Armenian last names and missing maiden and father’s surnames. Additionally,
we may have missed Armenian patients with non-Armenian fathers and Armenian mothers who may have
had a non-Armenian last name, maiden name, and father’s surname.*’

Another limitation is the possibility of missed deaths during linkage to death records, which has
previously been shown to bias survival estimates in survival studies using population-based cancer registry
data.'*® Additionally, death linkages rely on variables including valid social security numbers, and
populations with large foreign-born patients, including Armenians in the present study, may have precluded
the identification of foreign-born Armenians who have died, and these patients would have been considered
alive in this study.'*® However, complete follow-up with at least five years of vital status information is one
way to mitigate the effects of missing deaths, and the 31 years of follow-up information used in the present

study may have helped reduce the potential survival bias related to missing deaths.14°
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While Armenian patients were at greater risk of late-stage diagnoses of colorectal, lung, and
stomach cancers, we observed better survival among Armenian patients compared to NHW patients. Our
findings of higher proportions of late-stage diagnoses and continued tobacco-use among Armenian cancer
patients suggest the need for interventions to increase access to care, cancer screening, and culturally
competent tobacco cessation programs. Given the collectivist and traditional Armenian culture and a
majority foreign-born demography,” public health interventions in the Armenian language (Eastern and
Western dialects), including partnerships among public health professionals, clinicians, and trusted
community leaders in the Armenian community, are needed for successful community outreach and
engagement regarding cancer risk factors and access to resources including screening for screen-
detectable cancers.*#2'%0 Further research is needed to understand the observed survival advantage
among Armenians, including genetic, behavioral, and social factors or biases in ascertainment of survival

data.
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Table 3.1 Characteristics of Armenian and NHW patients diagnosed with
stomach, lung, colorectal, and bladder cancer in California, 1988-2019

Armenian (N=6,642) Non-Hispanic White (N=632,582)

Characteristic n (%) n (%)
Year of Diagnosis
1988-1998 1,406 21.2 248,476 39.3
1999-2009 2,355 35.5 218,788 34.6
2010-2019 2,881 43.4 165,318 26.1
Sex
Male 4,145 62.4 347,410 54.9
Female 2,497 37.6 285,172 45.1
Age at diagnosis (years)
0-29 25 0.4 1,662 0.3
30-49 455 6.9 35,527 5.6
50-69 2,873 43.3 259,232 41.0
70+ 3,289 49.5 336,161 53.1
Cancer Type
Stomach 774 11.7 31,428 5.0
Lung 2,348 35.4 304,962 48.2
Colorectal 2,750 41.4 234,080 37.0
Bladder 770 11.6 62,112 9.8
Neighborhood Socioeconomic Status
Lowest 2,065 31.1 149,149 23.6
Middle 2,756 41.5 243,785 38.5
Highest 1,821 27.4 239,648 37.9
Marital Status
Married/in partnership 4,274 64.3 340,495 53.8
Previously married 1,473 22.2 198,639 314
Single, never married 688 10.4 75,058 11.9
Unknown 207 3.1 18,390 29
Insurance Type
Not insured 102 15 5,969 0.9
Private 1,890 28.5 299,732 47.4
Public 3,660 55.1 135,599 21.4
Other public 61 0.9 13,207 2.1
Unknown 929 14.0 178,075 28.2
Stage at diagnosis
Localized 1,923 29.0 189,144 29.9
Regional 1,931 29.1 169,880 26.9
Remote 2,319 34.9 223,694 35.4
Unknown 469 7.1 49,864 7.9
Nativity
United States-Born 635 9.6 329,852 52.1
Foreign-born 3,847 57.9 36,920 5.8
Unknown 2,160 325 265,810 42.0
Comorbidity
3+ 819 12.3 57,134 9.0
1-2 2,184 32.9 193,345 30.6
0 2,491 37.5 217,014 34.3
Unknown 1,148 17.3 165,089 26.1
Vital Status
Dead 4,724 71.1 522,689 82.6
Alive 1,918 28.9 109,893 174
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Known Cigarette Use?, 2014-2019 N=1,234 N=64,413
Current User 359 29.1 14,456 22.4
Male 298 83.0 8,128 56.2
Female 61 17.0 6,328 43.8
Never/former User 875 70.9 49,957 77.6
Male 489 55.9 26,568 53.2
Female 386 44.1 23,389 46.8

aKknown cigarette use at date of diagnosis in the California Cancer Registry; analyses were limited to
years of diagnosis 2014-2019 when this data was more routinely collected and excluded those with
unknown values (n=558 Armenians; n=32,076 Non-Hispanic Whites). NHW: Non-Hispanic White.

51



Table 3.2 Odds ratios for regional/remote stage (versus localized) cancer
diagnosis among Armenian patients in California, 1988-2019

50 to 69
70+
Sex
Male
Female
Neighborhood SES
Lowest
Middle
Highest
Insurance Type
All ages (years)
Private
Public
Unknown
Ages <65 (years)
Private
Public
Unknown
Ages 65+ (years)
Private
Public
Unknown
Marital Status
Married/in partnership
Previously married
Single, never married
Unknown
Comorbidity
3+
1-2
0
Unknown

0.57 (0.25-1.29)
0.29 (0.13-0.66)

1.11 (0.73-1.68)
reference

1.73 (1.03-2.92)
1.79 (1.10-2.90)
reference

reference
1.09 (0.68-1.74)
1.13 (0.52-2.48)

reference
0.53 (0.21-1.31)
1.98 (0.39-9.94)

reference
1.38 (0.77-2.45)
0.84 (0.33-2.13)

reference

1.23 (0.74-2.06)
0.98 (0.46-2.08)
0.63 (0.22-1.78)

0.68 (0.36-1.31)
0.99 (0.63-1.59)
reference

0.68 (0.37-1.28)

0.93 (0.53-1.61)
0.94 (0.54-1.65)

1.70 (1.28-2.25)
reference

0.99 (0.71-1.39)
1.09 (0.80-1.49)
reference

reference
1.57 (1.18-2.09)
1.52 (0.95-2.42)

reference
2.05 (1.22-3.44)
1.65 (0.79-3.45)

reference
1.44 (1.02-2.04)
1.54 (0.84-2.83)

reference

1.05 (0.75-1.45)
0.82 (0.55-1.21)
2.82 (0.86-9.21)

0.72 (0.48-1.07)
0.79 (0.58-1.07)
reference

1.19 (0.78-1.82)

0.78 (0.57-1.07)
0.78 (0.56-1.08)

1.05 (0.88-1.25)
reference

1.06 (0.85-1.33)
0.94 (0.77-1.16)
reference

reference
1.23 (1.01-1.49)
1.12 (0.81-1.55)

reference
1.54 (1.12-2.13)
1.37 (0.83-2.26)

reference
1.04 (0.81-1.35)
0.89 (0.58-1.39)

reference

1.03 (0.83-1.28)
0.94 (0.73-1.22)
0.48 (0.30-0.79)

0.80 (0.59-1.09)
0.95 (0.78-1.16)
reference

0.75 (0.59-0.96)

Stomach Lung Colorectal Bladder

Characteristic OR (95% CI) OR (95% CI) OR (95% CI) OR (95% CI)
Year of Diagnosis

1988-1998 1.46 (0.76-2.73) 0.66 (0.45-0.96) 1.35(1.02-1.78) 0.70 (0.35-1.37)

1999-2009 1.34 (0.86-2.08) 0.97 (0.73-1.29) 0.94 (0.78-1.13) 0.85 (0.56-1.28)

2010-2019 reference reference reference reference
Age at diagnosis

0to 49 reference reference reference reference

0.76 (0.35-1.65)
0.51 (0.23-1.14)

0.75 (0.47-1.18)
reference

1.99 (1.22-3.26)
1.29 (0.81-2.06)
reference

reference
1.59 (1.02-2.49)
1.46 (0.68-3.16)

reference
1.48 (0.71-3.10)
1.17 (0.35-3.91)

reference
1.62 (0.90-2.91)
1.44 (0.50-4.19)

reference

0.95 (0.58-1.56)
0.81 (0.43-1.51)
0.39 (0.08-1.81)

1.51 (0.85-2.68)
1.31 (0.84-2.03)
reference

0.61 (0.36-1.04)

Models were adjusted for variables in the table and reporting regional cancer registry. Bold: Statistically

significant at p<0.05.
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Table 3.3 Cancer-specific survival of Armenian patients compared to NHW
patients in California by cancer type, 1988-2019

Cancer Type HR? 95% CI p-value
Stomach 0.85* (0.76-0.94) 0.0015
Lung® 0.86* (0.82-0.91) <0.0001
Localized 0.99 (0.82-1.21) 0.9678
Regional 0.98 (0.87-1.11) 0.7723
Remote 0.84* (0.79-0.89) <0.0001
Colorectal 0.82* (0.77-0.88) <0.0001
Bladder 0.87* (0.76-0.99) 0.0308

a8Models adjusted for age, year of diagnosis, sex, marital status, insurance type, comorbidity, reporting
regional cancer registry, socioeconomic status, first course of treatment, histology, cancer site, and stage
at diagnosis. HR: Hazard Ratio, Cl: Confidence interval. PHR shown by stage at diagnosis for lung cancer
due to observed interaction between race/ethnicity and stage at diagnosis. *Statistically significant at
p<0.05. NHW: Non-Hispanic White.
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Figure 3.1 Frequency distribution of stage at diagnosis by cancer type among
Armenian and NHW patients in California, 1988-2019

= LOCALIZED = REGIONAL = REMOTE UNKNOWN

NON-HISPANIC WHITE --_ 11.8%
NON-HISPANIC WHITE --_ 10.1%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

COLORECTAL LUNG STOMACH

BLADDER

NHW: Non-Hispanic White.
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Figure 3.2 Odds ratios for regional/remote stage (versus localized) cancer

diagnosis among Armenian patients compared to NHW patients in California by
cancer type, 1988-2019

CANCER TYPE  OR (95% CI)
BLADDER | 0.88 (0.73-1.05)
COLORECTAL | 1.12 (1.03-1.22)*
LUNG | 1.26 (1.12-1.42)*
STOMACH | 1.43 (1.17-1.74)*
0.00

0.50

—a—
—a—
——
i
1.00. .. 1.I50

OR (95% CI)

Models adjusted for age, year of diagnosis, sex, marital status, insurance type, comorbidity, reporting
regional cancer registry, and socioeconomic status. OR: Odds Ratio, Cl: 95% Confidence interval.
*Statistically significant at p<0.05. NHW: Non-Hispanic White.
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Supplemental Table 3.1 Selected tumor sites based on International
Classification of Diseases for Oncology, 3rd edition/World Health Organization
(ICD-0-3/WHO) 2008 site codes

Tumor Site ICD-0-3 Code
Stomach
Cardia C160
Non-Cardia C161,C162,C163,C164,C165,C166
Overlapping, NOS C168, C169
Lung
Upper lobe C341
Middle lobe C342
Lower lobe C343
Main bronchus C340
Overlapping C348, C349
Colorectal
Colon C180, C182-C189, C260
Rectum C199, C209
Appendix c181
Bladder
Trigone of bladder C670
Dome of bladder C671
Lateral wall of bladder C672
Anterior wall of bladder C673
Posterior wall of bladder C674
Bladder neck C675
Ureteric orifice C676
Urachus Cce677
Overlapping lesion of bladder C678
Bladder, NOS C679
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Supplemental Table 3.2 Cancer-specific survival of Armenian patients compared
to NHW patients in California by cancer type considering effect of lost to follow-
up (LTFU), 1988-2019

Cancer Type HR? 95% CI p-value
Assumption 1: All patients LTFU died at the date of last contact

Stomach 0.86* (0.78-0.95) 0.0040
Lung 0.87* (0.83-0.92) <0.0001
Colorectal 0.86* (0.80-0.91) <0.0001
Bladder 0.94 (0.83-1.07) 0.3686

Assumption 2: All foreign-born patients LTFU died at the date of
last contact

Stomach 0.85* (0.77-0.94) 0.0019
Lung 0.87* (0.83-0.92) <0.0001
Colorectal 0.85* (0.80-0.91) <0.0001
Bladder 0.94 (0.83-1.07) 0.3318

aModels adjusted for age, year of diagnosis, sex, marital status, insurance type, comorbidity, reporting
regional cancer registry, socioeconomic status, first course of treatment, histology, cancer site, and stage
at diagnosis. HR: Hazard Ratio, Cl: Confidence interval. *Statistically significant at p<0.05. NHW: Non-
Hispanic White.
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Conclusion

The genetic continuity in the Armenian population, resulting from thousands of years of cultural and
geographic isolation, makes Armenians an ideal population for public health and epidemiological research
to understand the health of the population after emigration to other countries.??3124151 Estimates of
Armenians in the United States range from 450,000 to 2,000,000, with the large range due to broad
race/ethnic categories and an insufficient identification method of minority race/ethnic populations in the
United States.56:68.152 According to the US Census, there are approximately 470,000 Armenians living in the
United States, of which more than half (259,430) live in California.** However, these are likely
underestimates as the Embassy of Armenia to the United States of America estimates that anywhere
between 500,000 to 2,000,000 Armenians live in the United States.® The challenge of identifying
Armenians in the United States has hindered the representation of this population in research, including in
public health and epidemiological research studies.*”#® While California is home to the largest population
of Armenians in the United States, cancer patterns among the Armenian population have not been
previously studied due to the lack of accurate Armenian population estimates, a standardized collection of
Armenian ethnicity, or an Armenian surname list. This dissertation is the first to identify the Armenian
population in a large, population-based cancer registry in the country and to provide an analysis of cancer
incidence and survival patterns.>3

In the first chapter of this dissertation, we created the Armenian Surname List (ASL) using an
extract of Armenian surnames from the Middle Eastern Surname List and California public death records
from 1905 to 2020.47*8 The ASL not only serves as a tool to identify Armenians in cancer registries, but it
also lays the groundwork as a valuable resource for research studies in broad epidemiologic, public health,
and other fields concerning Armenians in California and the United States.*” This is especially true for
studies based on linkages that require surnames as a matching variable.® In addition, since many
Armenian names follow ethnically unique conventions, many matching algorithms will produce a higher
match score resulting in more accurate study results.4348.154

In the second chapter, the ASL allowed for the identification of Armenian cancer patients in the

California Cancer Registry (CCR).%” We used the ASL and birthplace information in the CCR to identify
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Armenians with cancer diagnosed during 1988-2019 and calculated proportional incidence ratios (PIR)
among Armenians compared with non-Hispanic Whites (NHWs). We also calculated incidence rate ratios
(IRR) during 2006-2015 using Armenian population denominators from the American Community Survey
(ACS), as an exploratory analysis. Among Armenian males, we found higher PIRs of stomach, bladder,
colorectal, lung, leukemia, liver and IBD, and kidney cancers. While thyroid cancer was not among the top
10 most frequent for Armenian males, we also observed a higher proportion of thyroid cancer among
Armenian males compared with NHW males. Among Armenian females, we found higher PIRs of stomach,
thyroid, colorectal, pancreatic, leukemia, NHL, and ovarian cancers. Exploratory IRR analyses showed
higher stomach, bladder, and colorectal cancers among Armenian males and higher stomach cancer
among Armenian females. The significantly higher PIRs and IRRs of stomach cancer among Armenian
patients suggest a need for public health interventions to understand stomach cancer etiology, including
obesity, dietary behaviors, and exposure to infections such as Helicobacter pylori.1%9191 While tobacco-use
data among Armenians in California is currently unavailable, the high smoking rate among Armenian men
in Armenia, and the higher PIRs of several tobacco-related cancers among Armenians, including stomach,
lung, colorectal, and bladder, present a need for additional research investigating the relationship between
tobacco-use and cancer risk among Armenians in California.?”:1% Qur findings suggest a need for additional
research addressing risk factors including tobacco-use, obesity, iodine deficiency, and exposure to harmful
environmental agents associated with specific cancers among Armenians in California.

In the third and final chapter, we used the ASL and birthplace information to identify Armenians in
the CCR diagnosed with cancer during 1988-2019 and analyzed cancer survival and stage at diagnosis for
four tobacco-related cancers: stomach, lung, colorectal, and bladder. Notable findings in this chapter
include higher odds of late-stage colorectal, lung, and stomach cancers diagnosed among Armenian
patients compared to NHW patients. Among Armenian patients, we found that lower neighborhood
socioeconomic status was associated with late-stage stomach and bladder cancer diagnoses, and public
health insurance was associated with late-stage lung, colorectal, and bladder cancer diagnoses. Armenian
patients had a moderate survival advantage for stomach, lung, colorectal, and bladder cancers compared
to NHW patients. This survival advantage may be attributed to cultural customs and norms including reliable

community and family support, the salmon bias, the healthy immigrant effect, or overall better health among
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Armenians.”143144 However, the survival advantage remained even after considering lost-to-follow-up
assumptions in sensitivity analyses. Our findings that Armenian patients with lower neighborhood
socioeconomic status and public health insurance had higher likelihood of late-stage cancer diagnoses
have significant public health implications including the need for increased access to reliable health care,
cancer screening, and culturally competent tobacco cessation programs for the Armenian population in
California. Further research including genetic and epigenetic factors can better help understand the
underlying factors for the better survival observed among Armenians compared to NHW cancer
patients.42'145*147'148

This dissertation project is the first to create a surname list to be used for the identification of
Armenians for public health research and to identify and study cancer successfully among the Armenian
population in California. The ASL not only provided a database required for our study, but it serves as a
resource for a myriad of research projects concerning Armenian communities in California and the United
States. With the use of the ASL, further research on this growing ethnic minority group has potential for
revealing health disparities and addressing barriers to timely cancer screening and care.'>® Through the
examination of cancer incidence, stage at diagnosis, and survival patterns, this dissertation provides novel

data to inform evidence-based cancer control efforts for the growing Armenian population in California.
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