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Abstract

There has been a decline in colorectal cancer (CRC) mortality rates, which reflects the

declining incidence rates and medical advances in early detection and treatment. Despite this

progress, CRC incidence and mortality varies considerably by ethnicity and socioeconomic

status (SES). Evidence also shows that these medical advances are significantly under-utilized in

vulnerable populations including minority and less affluent groups. In Hawai‘i, incidence rates

are highest in Japanese Americans, and the majority of late stage CRCs are diagnosed in Native

Hawaiian/Pacific Islanders (NHPIs), who also have the highest mortality from this disease.

The purpose of this study was to investigate ethnic and socioeconomic disparities in the

staging, treatment, and overall survival of CRC patients in Hawaiʻi. This study was a

retrospective analysis of CRC patients who have been diagnosed and/or treated at The Queen’s

Medical Center (QMC) in Honolulu, Hawaiʻi. Data was collected and analyzed from 1,939 CRC

patients from all islands of Hawaiʻi who were seen at QMC from January 1, 2007 to December

31, 2018.

Both ethnicity (p=0.0499) and insurance (p=0.0005) were significantly associated with

AJCC staging. NHPIs and individuals who were under-insured were more likely to be diagnosed

with an AJCC stage 4. SES was found to have a significant effect on overall survival (p<0.0001),

date of initial diagnosis to date of first treatment (p<0.0001), date of initial diagnosis to date of

surgery (p<0.0001), and date of surgery to date of first chemotherapy (p<0.0001), whereas

ethnicity had no significant effect.

Ethnic disparities are slowly diminishing, whereas socioeconomic disparities persist. The

results of this study may be applicable to other underserved populations--particularly other
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minority ethnic groups and those of low SES. Increasing health discussions and promoting CRC

screening within these high-risk groups, lowering financial barriers, and increasing access to

healthcare for the under-insured could potentially increase screening participation, which can

ultimately address and reduce any ethnic or socioeconomic disparities in all CRC patients.
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CHAPTER 1: INTRODUCTION

1.1 The Colon

The colon, also known as the large bowel or large intestine, is the last part of the

digestive tract. The digestive system is composed of the esophagus, stomach, small intestine, and

large intestine, and its function is to remove and process nutrients--vitamins, minerals,

carbohydrates, fats, proteins, and water--from food and pass waste material out of the body.1

Sections of the digestive system contract and relax to move food through the tract in a motion

called peristalsis. Food that is partially broken down or digested enters the colon from the small

intestine, to which diverse microflora in the large intestine breaks down any remaining starches

and proteins.2 The inner layer of mucosa, otherwise known as the epithelium, absorbs remaining

nutrients and water is reabsorbed to form stool. When stool reaches the anus, stretch receptors

signal for the defecation process to start, which includes a reflexive relaxation of internal anal

sphincter smooth muscle and conscious relaxation of the external anal sphincter skeletal muscle,

and waste is excreted from the body.3

The large intestine is divided into six main sections: cecum, ascending colon, transverse

colon, descending colon, sigmoid colon, and the rectum (Appendix A). The ascending colon

begins with the cecum and extends upwards on the right side of the abdomen. The transverse

colon extends from the right side of the abdomen to the left, and together with the ascending

colon is referred to as the proximal or right colon. The descending colon extends downwards on

the left side of the abdomen to the sigmoid colon, and together is referred to as the distal or left

colon. Based on data between 2009 to 2013, the distribution of cancer occurrence in the colon

and rectum was 41% in the proximal colon, 22% in the distal colon, 28% in the rectum, and 8%

in other sites.4

1
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1.2 Colorectal Cancer Pathogenesis

Colorectal cancer (CRC), also known as colorectal adenocarcinoma, occurs when tumors

form in the lining of the colon. Most CRCs begin as polyps, which are localized growths or

aggregations of aberrant cells within the intestinal mucosa that protrude into the intestinal

lumen.6 Polyps emerge from the glandular, epithelial cells of the large intestine, and arise when

certain cells of the epithelium accumulate a series of genetic mutations or epigenetic changes that

provide them with a selective proliferative advantage. The abnormal and increased replication

and survival of these hyper-proliferative cells leads to the formation of a benign adenoma, which

may then evolve into carcinoma and metastasize over time.2 Once the dividing cells within the

polyps accumulate sufficient genetic changes, they acquire the ability to invade the bowel wall.

Eventually, these dividing cells may become more altered and spread to local lymph nodes, and

even to distant metastatic sites.6

Not all polyps become cancer, but the probability of a polyp becoming cancerous

depends on the polyp type. The most common type of polyp is an adenomatous polyp--otherwise

known as an adenoma--which forms in the mucous membrane of the lining of the large intestine.8

Adenomatous polyps are the most common cause of CRC, but the likelihood that an adenoma

will develop into cancer is dependent on its size and number. The greater the size and the more

polyps formed, the more likely it is for the polyps to be malignant. The malignant potential of an

adenomatous polyp is also related to the way cells of the polyp organize themselves. As seen

under a microscope, cells that organize themselves into tubular structures (tubular adenomas) are

less likely to become cancerous than cells that organize themselves into finger-like projections

(villous adenomas).9

2
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Hyperplastic polyps are the second most common type of polyp and occur when there is

an increased number of cells when compared to normal cells. They are usually small and have

low malignant potential.8 Lastly, sessile serrated polyps are polyps that grow flat on the tissue

surface. These polyps often blend in with the lining of the organ, but have cells with a sawlike

appearance when examined under a microscope.10 Serrated polyps and traditional serrated

adenomas are often treated like adenomas because they have a higher risk of developing into

CRC.

1.3 Symptoms

CRC manifests slowly and symptoms depend on the size and location of the cancer. CRC

is typically asymptomatic until it reaches a significant size of several centimeters. In general,

polyps with a diameter greater than one centimeter are associated with an increased risk of

malignancy.11 Polyps of this size may block the passage of feces and lead to abdominal

cramping, pain, or bleeding that presents itself as visible bleeding with bowel movements or as

dark tarry stools.6 Other common symptoms include a change in bowel habit and stool

consistency, anemia, fatigue, and weight loss.

Recent studies propose that differences in biological characteristics across cancer sites

within the colon and rectum may translate to differences in survival.45 For example, colon cancer

in the proximal colon has been associated with poorer survival than those in the distal colon.

Cancers in the distal colon tend to present with bleeding or partial obstruction, whereas cancers

in the proximal colon tend to present with anemia and are more likely to be associated with

3
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metastatic disease. This difference in symptoms corresponds to a difference in time to seek

medical care. Because distal colon cancers typically present with symptoms that prompt patients

to seek care sooner, this often translates to better outcomes when compared to patients with

cancers in the proximal colon.45

1.4 Risk Factors

CRC is considered an environmental disease, as it is influenced by a variety of cultural,

social, and lifestyle factors. Because of this, CRC is considered one of the major cancers for

which modifiable risk factors can be readily identified. This implies that a large proportion of

CRC cases are essentially preventable.

Evidence of environmental risk is derived from studies of migrants and their offspring.

Groups of migrants have a tendency to lose the risk associated with their original home

community and obtain the patterns of their new community, typically within one generation of

arrival.12 When migrants move from regions of low incidence to that of higher incidence, the

incidence of CRC increases toward those typical of the population of the host country. For

example, Japanese migrants in Hawaiʻi have an increased risk of CRC when compared to the

Japanese population in Japan. Data from a study done by Parkin et al. showed that the incidence

of CRC in the Japanese male population in Hawaiʻi was 53.48 per 100,000, whereas the

incidence of CRC in the Japanese male population in Japan was 50.99.53 Now, it is believed that

the incidence of CRC in Japanese populations who have migrated to the U.S. is approaching or

even surpassing that of the Caucasian population, and is approximately three to four times higher

than that of the Japanese population in Japan.54
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A study done by Flood et al.13 examined the incidence of CRC among Asian residents of

the U.S. according to country of birth by looking at the incidence of CRC between 1973-1986

among Asian residents in three areas of the western U.S.--Hawaiʻi, San Francisco/Oakland

SMSA, and western Washington state. Similar to the previous study, Japanese men experienced

incidence rates of CRC that were twice as high as foreign-born Japanese men and about 60%

higher than those of U.S.-born White men. Incidence among Japanese women was about 40%

higher than foreign-born Japanese women. However, this statistic is irrelevant to other Asian

groups in the continental U.S.. In regards to the Chinese and Filipino populations, incidence rates

were generally the same as or lower than U.S.-born whites.13 These findings suggest that certain

exposures or characteristics that differ between Japanese migrants and their descendants affect

the development of CRC.

Diet considerably influences the risk of CRC, and changes in food habits can reduce up to

70% of this burden.14 Diets high in fat--specifically animal fat--and high red meat consumption

are both major risk factors for the development of CRC. High-fat diets favor the development of

a bacterial flora capable of degrading bile salts to potentially carcinogenic N-nitroso compounds.

Similarly, when meat is cooked at high temperatures, it results in the production of heterocyclic

amines and polycyclic aromatic hydrocarbons, both of which are believed to have carcinogenic

properties.15

Physical inactivity and obesity is the most significant behavioral contributor to CRC.

Previous research has demonstrated that individuals who are regularly active have a 25% lower

chance of developing CRC, whereas those who are sedentary have up to a 50% increased risk of

developing CRC. Physical inactivity correlates with obesity, and obesity can alter the gut

microflora and inflame the large intestine’s epithelium, which promotes carcinogenic activity.

5
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Obesity also contributes to the development of cancer outside of the digestive tract because

adipose tissue is the most inflammatory of all tissues and releases tumor-promoting cytokines

into the bloodstream. Excess body weight can even disrupt metabolic processes, causing an

increased release of mutagenic free oxygen radicals.2 Not only does physical inactivity and

obesity increase the risk of CRC, but it also decreases the probability of survival from the

disease.16

Cigarette use is another risk factor for CRC and approximately 12% of CRC deaths are

attributed to cigarette smoking.17 Carcinogens found in tobacco invite free radicals to damage

DNA and cause mutations in healthy cells. Increasing numbers of free radicals can cause the

development of precancerous adenomatous polyps, which could potentially develop into CRC

with time. Likewise, regular consumption of alcohol is also associated with an increased risk of

developing CRC. Alcohol can serve as a solvent that enhances the penetration of carcinogenic

molecules into mucosal cells. Furthermore, the effects of alcohol may be mediated through the

production of prostaglandins, lipid peroxidation, and the generation of free radicals.15

Two unmodifiable risk factors are age and hereditary factors. With regard to age, over

90% of all CRC cases occur in people aged 50 and above.15 This is because the likelihood of

CRC diagnosis increases progressively from 40 and rises sharply after age 50. The current

incidence of CRC is 50 times higher in individuals aged 60 to 79 than in those younger than 40.

However, the incidence of CRC cases seems to be increasing within the younger population.

Today, CRC is now one of the 10 most commonly diagnosed cancers among men and women

aged 20 to 49.15

6
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The majority of CRC cases are sporadic and approximately 75% of patients have a

negative family history.44 With regard to Western populations such as that of the U.S., the

average lifetime risk for CRC is approximately 3–5%. This risk doubles in individuals with a

first-degree family member with CRC who was diagnosed at 50–70 years of age, and triples if

the first-degree relative was less than 50. Furthermore, individuals who have two or more

affected family members have a higher probability of developing CRC. For sporadic CRC, this

increased risk in the presence of affected families partially reflects low-penetrance genetic

factors. In fact, having a positive family history has a role in approximately 15–20% of patients

with colorectal cancer.18

Five to ten percent of all CRC cases arise from some type of hereditary colorectal cancer

syndrome.19 The most common hereditary CRC syndrome is Lynch Syndrome, otherwise known

as hereditary non-polyposis colorectal cancer (HNPCC). HNPCC is an autosomal dominant

disorder caused by a mutation in one of the DNA mismatch-repair genes: MLH1, MSH2, MSH6,

PMS2 or EPCAM. Damaged mismatch repair during replication allows for the accumulation of

DNA mutations, which occur, in particular, in microsatellite DNA fragments with repetitive

nucleotide sequence. This microsatellite instability (MSI) can be identified by means of

polymerase chain reaction (PCR) testing, which compares normal and tumor DNA of the same

patient. Patients with this syndrome develop colorectal carcinoma at an early age, but disease

onset can happen in all age groups.19

7
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The second most common hereditary CRC syndrome is familial adenomatous polyposis

(FAP), an autosomal dominant disorder that is caused by a germline mutation in the

adenomatous polyposis coli (APC) gene on chromosome 5q21. It is characterized by hundreds to

thousands of adenomas throughout the gastrointestinal tract. Similar to HNPCC, patients with

FAP develop CRC at an earlier age, but all patients will inevitably develop CRC by the fourth

decade of life.20

1.5 Tumor Staging

The American Joint Committee on Cancer (AJCC) established a classification scheme

that embodies all aspects of cancer distribution in terms of primary tumor (T), regional lymph

nodes (N), and distant metastasis (M). This staging system is widely used to diagnose and predict

the prognosis for patients with CRC, to guide adjuvant therapy after potentially curative surgery,

and to classify patients for participation in clinical trials.21

The tumor (T) component is used to describe the size and invasiveness of the primary

tumor and its corresponding numerical value increases with size and degree of invasiveness.22 T0

indicates that there is no evidence of a tumor, whereas T1-T4 are used to identify the size and

extent of the tumor, with progressive enlargement and invasiveness from T1 to T4. T values are

based on the involvement of atomic structures. In regards to CRC, T1 indicates invasion into the

submucosa, T2 indicates invasion into the muscularis propria, T3 invasion into the subserosa,

and T4 indicates invasion through all the layers of the colon and of the visceral peritoneum or

neighboring structures. Tis indicates carcinoma in situ and Tx indicates the tumor is unable to be

assessed.22

8
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The nodes (N) component indicates the presence or absence of tumor in regional lymph

nodes.22 Lymph nodes are structures that serve as biological filters, filtering out foreign

substances that travel through the lymphatic fluid. They contain lymphocytes, otherwise known

as white blood cells, that help the body fight infection and disease. The N component’s

numerical value can be determined in two ways. The first is based on size, fixation, and capsular

invasion. N0 indicates no regional nodal spread, whereas N1-N3 indicates a certain degree of

spread, with spread increasing from N1 to N3. The second is based on multiple node

involvement or number of locations and the regional lymph nodes. N1 indicates 1-3 regional

lymph nodes were affected, N2 indicates 4-6 regional lymph nodes, and N3 7+ regional lymph

nodes. Nx is used when lymph nodes are unable to be assessed.22

The metastasis (M) component identifies the presence or absence of distant metastases

including lymph nodes that are not local. M0 indicates no distant metastasis and M1 indicates a

certain degree of metastasis. When referring to CRC, M1a indicates metastasis to one area, M1b

spread to two or more areas, and M1c signifies spread to the peritoneal surface.22

The overall AJCC stage is determined once the cancer is assigned to a letter or number

for all TNM components. AJCC staging and the respective T, N, M values are displayed in

Appendix B.

1.6 Treatment

The treatment of CRC is individualized and determined by a multidisciplinary team. For

early stage CRC, local treatments including surgery, ablation and embolization, and radiation

therapy are typically utilized.23 Surgery is the primary treatment for patients with potentially

curable CRC and curative resection is the strongest factor associated with survival. For later

stages, systemic treatments may be the more viable option because systemic treatments can reach

9
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cancer cells throughout almost all the body. Advanced CRC treatment is based on drugs that can

be taken orally or administered directly into the bloodstream. The prescribed drug depends on

the type of CRC, and options include chemotherapy, targeted therapy, and immunotherapy. The

standard of care treatment for the majority of CRC patients is the combination of

5-fluorouracil/leucovorin with either oxaliplatin (FOLFOX) or irinotecan (FOLFIRI) together

with a monoclonal antibody (moAb) against vascular endothelial growth factor (VEGF) or

epidermal growth factor receptor (EGFR). Monoclonal antibodies are a type of immunotherapy,

and examples include Bevacizumab--a moAb directed against VEGF, and cetuximab and

panitumumab--moAbs directed against EGFR. All three are federally approved for first-line

treatment in metastatic CRC.23

1.7 Screening and Prevention

CRC is considered one of the most preventable cancers because it almost always arises

from benign neoplasms that gradually develop into adenocarcinomas over time. The slow

progression of CRC development is seen in the general population, which offers an opportunity

to detect and remove the polyps before they undergo malignant transformation.18

There are several methods available for CRC screening, which can be in the form of

direct methods such as lower gastrointestinal (GI) tract endoscopy and radiological

investigations, or indirect measures such as stool testing. Population-based screening allows for

detection of premalignant polyps and/or CRC at an earlier and more treatable stage, thereby

reducing CRC incidence and mortality.24

Indirect measures such as stool testing is used to detect indicators of CRC, which is

usually blood in the stool. As a polyp increases in size, there may be bleeding, which is often

occult and intermittent. Guaiac fecal occult blood testing identifies the presence of heme in stool

10
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by applying hydrogen peroxide on a fecal sample on guaiac paper, which, in the presence of

blood, yields a blue reaction product. On the other hand, fecal immunohistochemical testing

analyzes stool samples for the presence of blood using a mono- or polyclonal antibody to human

hemoglobin. If hemoglobin is present, it forms a complex with the antibody, allowing for

quantitative analysis of stool blood content.24

Direct measures include colonoscopies, which are considered the gold standard for CRC

screening. A colonoscopy is a diagnostic and therapeutic procedure that is performed to assess

the large intestine. Examination of the colon using a flexible colonoscope allows for direct

assessment of the entire colonic mucosa. The data captured from the camera on the colonoscope

helps detect abnormalities as well as overgrowth of the colonic wall and allows physicians to

evaluate, biopsy, and remove mucosal lesions using instruments inserted through accessory

channels.25

1.8 Cancer Survival and Prognosis

Survival from CRC is highly dependent on the stage at diagnosis. As a general rule of

thumb, the earlier the stage, the higher the chance of survival. Five-year survival rates are

approximately 90% for localized cancers, 70% for regional cancers, and 10% for distant

metastatic cancers.15 In the U.S., 5-year survival rates for CRC increased from 1995 to 2000 by

more than 10% for both men and women--from 50% to 64% in men and 52% to 63% in

women.45 However, this increase in survival was inconsistent among racial groups, and was

reduced among non-Whites when compared with Whites.15

11

https://www.zotero.org/google-docs/?NKqy1T
https://www.zotero.org/google-docs/?rbBDOo
https://www.zotero.org/google-docs/?CsD1Z2


1.9 Ethnic and Socioeconomic Disparities in Colorectal Cancer in the Continental United

States

Although there has been a decline in mortality rates and significant increase in survival

for all stages of CRC, this trend varies and is not consistent across all ethnic and socioeconomic

groups. According to the American Cancer Society, racial and ethnic minorities are more likely

to develop cancer and die from it when compared to the general population of the U.S., and this

statistic is particularly true for CRC. In the U.S., CRC incidence rates are highest in Alaska

Natives and Blacks, lowest in Asian/Pacific Islanders, and 30% to 40% higher in men than in

women.4 Furthermore, patients from minority ethnic groups are less likely to receive

chemotherapy for colon cancer and radiation therapy for rectal cancer when compared to their

majority white counterparts.35

Socioeconomic status (SES) refers to one’s position in a system of social stratification

that differentially allocates the major resources enabling people to achieve health-related or other

desired goals.46 Economic deprivation has been associated with CRC quality of care, such that

individuals with low SES have lower rates of chemotherapy for CRC and lower rates of radiation

for rectal cancer.26 Although there is no consensus on the relative roles of ethnicity and SES on

CRC, it is evident that disparities continue to persist.

Alshareef et al.27 utilized data from the Surveillance, Epidemiology, and End Results

(SEER) Program--a program that collects cancer statistics through selected population-based

cancer registries in the U.S.--to investigate the association between race and mortality among

CRC patients from 2007-2014. Data was analyzed from 70,392 patients and covariates included

age, sex, marital status, health insurance, tumor stage at diagnosis, and tumor size and grade.

After adjusting for these covariates, it was found that Blacks had the highest odds for CRC
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mortality, displaying a statistically significant 32% higher risk of death when compared to

Whites. American Indians/Alaskan Natives also displayed a higher risk of mortality, whereas

Asian/Pacific Islanders displayed a decreased risk, when compared to their White counterparts.27

To determine the extent to which racial/ethnic disparities in CRC survival are explained

by differences in socio-demographics, tumor characteristics, diagnosis, treatment, and hospital

characteristics, White et al.28 analyzed data from 37,769 Medicare beneficiaries diagnosed with

stage I-III CRC. There were persistent racial/ethnic survival differences after controlling for

several variables. Overall, Blacks had worse CRC-specific survival than Whites, whereas Asians

had better CRC-specific survival than Whites. After adjustment, Blacks and Whites still

displayed worse survival than Asians. There were statistically significant differences for all

demographic and tumor characteristics for all patients, but the greatest differences were in SES.

Adjusting for SES resulted in a reduction in the mortality difference regardless of reference

group. Because a significantly higher percentage of Blacks, Hispanics and Asians resided in

areas of low SES when compared to Whites, it was concluded that differences in SES appeared

to be a factor that contributed to Black’s poorer survival relative to Asians and Whites.28

Both race/ethnicity and SES affects access to and quality of CRC care. African

Americans (AA), who are oftentimes poorer and less adequately insured than that of the general

U.S. population, seem particularly disadvantaged. Gorey et al.29 analyzed a California data

registry for 459 Aftrican Americans and 3,001 non-Hispanic White Americans (NHWA)

diagnosed with stage II to IV colon cancer to determine the impact of SES and health insurance

on access to chemotherapy. For those who did not live in extremely poor neighborhoods and

were adequately insured with private insurance or Medicare, chemotherapy rates did not

significantly differ between AAs and NHWAs. On the other hand, for those who did live in
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extremely poor neighborhoods and were inadequately insured, AAs were nearly 60% less likely

to receive chemotherapy than their NHWA counterparts. This 3-way interaction is evidence of

the multiplicative disadvantage experienced by the poorer, inadequately insured, AAs seeking

colon cancer care.29

1.10 Ethnic and Socioeconomic Disparities in Colorectal Cancer in Hawaiʻi

Hawaiʻi’s population consists of a unique ethnic and socioeconomic profile that is

considerably distinct from that of the continental U.S.. According to the 2019 U.S. Census

Bureau Estimates, the ethnic distribution of the general U.S. population was 60.1% White

(Non-Hispanic), 18.5% Hispanic or Latino, 13.4% Black or African American, 5.9% Asian,

2.8% Mixed Race, 1.3% Native Americans or Alaska Natives, and 0.2% Native Hawaiian or

Other Pacific Islander.49 In Hawaiʻi, however, what is oftentimes considered the ethnic minority

in the continental U.S. serves as the ethnic majority, and vice versa. In 2019, Hawaiʻi’s ethnic

distribution was 37.6% Asian, 25.5% White (Non-Hispanic), 24.2% Mixed Race, 10.7%

Hispanic or Latino, 10.1% Native Hawaiian or Other Pacific Islander, 2.2% Black or African

American, 0.4% Native Americans or Alaska Natives. 50

With regard to socioeconomic profiles, 2018 U.S. Census Data indicates the highest

poverty rate by ethnicity is found among Native Americans with 25.4% living in poverty,

followed by Blacks with 20.8%, Hispanics with 17.6%, Whites with 10.1%, and Asians with

10.1%.51 According to data from the State of Hawaiʻi Department of Business, Economic

Development and Tourism, Hawaiʻi’s poverty rate by ethnicity is found among Marshallese with

51.1% living in poverty, followed by Samoan with 20.4%, American Indian/Alaska Native with

18.1%, Tongan with 16.2%, Native Hawaiian with 15.5%, Blacks with 13.5%, White with
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11.4%, Chinese with 10.1%, Filipino with 9.4%, and Japanese with 6.6%.48 Thus, conclusions

regarding the effect of race/ethnicity and SES obtained from CRC populations in the continental

U.S. may be irrelevant to the CRC population in Hawaiʻi, especially given the differences in

ethnic and socioeconomic makeup.

Nomura et al.30 examined the survival patterns from large bowel cancer among five major

racial groups in Hawaiʻi in 1977. Researchers compared survival between the Japanese,

Caucasian, Filipino, Hawaiian, and Chinese populations and found that Japanese and Caucasian

patients had higher relative survival rates than Filipinos and Hawaiians, and survival rates in

Japanese patients were significantly higher than those found in Chinese patients. These racial

differences remained after controlling for age, sex, site of tumor, extent of the disease at

diagnosis, and normal life expectancy.30 Interestingly, the survival differences between these

racial groups are to some degree consistent with SES. Filipinos and Hawaiians, who were shown

to have lower survival rates, surprisingly also rank lowest on all socioeconomic indicators.31

In 1982, Wegner et al.31 examined the issue of whether racial differences in survival from

CRC can be explained by socioeconomic differences between racial groups in Hawaiʻi, and

found that SES was highly related to race. Among colon cancer patients, 10.8% of Chinese,

20.2% of Caucasian, 30.2% of Japanese, 38.2% of Hawaiian, and 62.7% of Filipino patients

were classified as low SES. Similarly among rectum cancer patients, 14.3% of Chinese, 20.1%

of Caucasian, 36.3% of Japanese, 36.7% of Hawaiian, and 69% of Filipino patients were of low

socioeconomic background. After adjusting for all covariates of age, sex, stage of disease at

diagnosis, and SES, there was a reduced magnitude of survival differences between racial groups

for both colon and rectal cancer patients. The only statistically significant racial difference for

both colon and rectal cancer patients was that Japanese patients had higher survival rates when
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compared to Filipino and Hawaiian patients, which is consistent with the findings from the

previous study.31 Because previous research has indicated that both Filipinos and Hawaiians have

a decreased chance of survival, the possibility exists that their lower survival rates may be

associated with their low SES as opposed to racial extraction. The findings from this study

suggest that SES has partial association with racial differences in survival among CRC patients.

The most recent study utilizing data from Hawaiʻi’s ethnically diverse patient population

was conducted in 2003 by Pagano et al.32, in which they examined trends in recent CRC survival

rates. Data from the Hawaiʻi Tumor Registry was analyzed and 16,424 patients diagnosed with

CRC were identified. When compared to other ethnic groups, Hawaiians were diagnosed at a

more advanced stage and were more likely to have died from CRC. Confidence intervals also

indicated that Japanese patients always had a significantly higher survival rate than at least one

other ethnic group (Caucasian, Filipino, Hawaiian, and Chinese). However, ethnic disparities

were no longer statistically significant after controlling for treatment differences. In fact,

Hawaiians did not appear to be receiving less treatment, but rather, appeared to have been

receiving more than the other ethnic groups. The implications of these findings are also of great

significance because if differential screening is the primary reason for ethnic survival disparities,

it would be theoretically possible to achieve equally favorable outcomes across all ethnicities.32
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CHAPTER 2: PROBLEM STATEMENT

2.1 The Problem

CRC is the third most common cancer in the U.S. and the second leading cause of death

in adults. Over the past two decades, there has been a continuous decrease in mortality rates,

which reflects decreased incidence rates and improved CRC screening and surveillance of

patients who are at risk.33 Despite this progress, CRC incidence and mortality varies considerably

by race/ethnicity and SES.28 Furthermore, evidence shows that although there are highly

effective treatments for CRC, these options are significantly under-utilized in vulnerable

populations including minority and less affluent groups.4

Addressing health disparities according to ethnicity and SES continues to be an important

health policy goal in the U.S.. However, there are clear differences within ethnic and

socioeconomic makeup of the continental U.S. and Hawaiʻi. Although the studies described

above have identified both ethnic and socioeconomic disparities in CRC patients in Hawaiʻi, the

last analysis was conducted 17 years ago and temporal patterns constantly change. It is therefore

important to unveil the effect of ethnicity and SES on CRC in the present day and how it affects

the staging, treatment, and overall survival of CRC patients in Hawaiʻi. Gathering this data

would allow for healthcare professionals to target areas or population groups that are at the

greatest risk of CRC, who may therefore benefit from early medical interventions.

2.2 Research Hypothesis

The purpose of this study is to investigate ethnic and socioeconomic disparities in the

staging, treatment, and overall survival of CRC patients in Hawaiʻi by utilizing data collected at

The Queen’s Medical Center in Honolulu. The central hypothesis is that ethnic and

socioeconomic factors continue to persist and individuals of ethnic minorities and of low SES
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have worse staging at diagnosis, decreased accessibility to treatment, and decreased overall

survival time. Results from this study will establish the degree to which ethnic and

socioeconomic disparities affect CRC care and may identify at-risk individuals who may benefit

from early medical interventions.

2.3  Aims of the Thesis

Specific Aim 1: To explore the association between ethnicity and the staging, treatment, and

overall survival of CRC patients in Hawaiʻi.

Specific Aim 2: To explore the association between SES and the staging, treatment, and overall

survival of CRC patients in Hawaiʻi.

Specific Aim 3: To determine how age, gender, primary site, grade of tumor, and stage influence

ethnic and socioeconomic disparities in CRC patients in Hawaiʻi.
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CHAPTER 3: METHODS

3.1 Subjects

This study analyzed data from 1,939 CRC patients from all islands of Hawaiʻi who were

seen and/or treated at The Queen’s Medical Center from January 1, 2007 to December 31, 2018.

3.2 Inclusion and Exclusion Criteria

Inclusion criteria:

● Histologically or cytologically confirmed colorectal cancer, Stage I-IV

● Patients who had or did not have surgery

● Patients who had or did not have chemotherapy

Exclusion criteria:

● Histology of carcinoids, lymphomas, sarcomas, melanomas, gastrointestinal stromal

tumors

3.3 Study Design

This study was a retrospective analysis of CRC patients who have been diagnosed and/or

treated at The Queen’s Medical Center in Honolulu, Hawaiʻi.

3.4 Data Collection

Data collected includes:

● Patient demographics: age at diagnosis, sex, ethnicity, primary insurance at diagnosis

● Medical history: date of diagnosis, date of last contact

● Tumor characteristics: primary site, best AJCC stage group, total number of lymph nodes

examined, grade/differentiation

● Treatment: date of surgery, date of first course chemotherapy, date of first course

radiation
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3.5 Source of Data

Information was collected from patients who were seen and/or treated at The Queen’s

Medical Center in Honolulu, Hawaiʻi from January 1, 2007 to December 31, 2018. Data was

obtained from the Oncology Data Registry (ODR) and electronic medical records (EMR). The

information collected was only reviewed for patients who fulfilled inclusion and exclusion

criteria and the data was deidentified of all patient information. The Queen’s Medical Center

Institutional Review Board (IRB) approved this study.

3.6 Statistical Methods

Descriptive statistics were used to describe all variables in the study. For continuous

variables such as age, the mean and standard deviation is presented. For categorical variables

including gender, ethnicity, insurance status, AJCC stage, differentiation, and primary site,

frequency and percentage is provided.

Ethnicity was self-identified and indicated on patient medical records. To reduce the

amount of ethnic variables, under-represented subgroups categorized as “Native

Hawaiian/Pacific Islander” (NHPI) includes Hawaiian, Chamorro, Samoan, Tongan, Micronesian

not otherwise specified (NOS), Guamanian NOS, Polynesian NOS, and Pacific Islander NOS.

“Other” includes Black, American Indian, Vietnamese, Laotian, Thai, Asian Indian or Pakistani,

Other Asian including Asian/Oriental NOS, and Other. For the purpose of this study, SES is

indicated by the patient’s insurance at initial diagnosis. To reduce the amount of insurance

variables, under-represented subgroups categorized as “Other” includes TriCare, Veterans

Affairs, Indian/Public Health Services, Insurance NOS, and Insurance Status Unknown.

“Under-insured” includes those who have Medicaid, Medicaid - Admin through Managed Care

Plan, Medicare with Medicaid eligibility, or are not insured, or self pay.
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The main outcomes of the study are time-to-event outcomes given by (I) overall survival,

(II) date of initial diagnosis to date of first treatment, (III) date of initial diagnosis to date of

surgery, and (IV) date of surgery to date of first chemotherapy. All time-to-event outcomes are

measured in months. Overall survival is defined as the time between the date of initial diagnosis

to the date of death or date of last contact, whereas in the case that the patient is still alive

(right-censored case), it was the initial date of diagnosis to date of last contact. Date of initial

diagnosis to the date of first treatment is defined as the time between the date of initial diagnosis

to the date of the patient’s first treatment, which may either be surgery, chemotherapy, or

radiation therapy. Date of initial diagnosis to the date of first surgery is defined as the time

between the date of initial diagnosis to the date of the patient’s colectomy, which is the partial or

full surgical removal of the colon. Lastly, the date of surgery to the date of first chemotherapy is

defined as the time between the date of surgery to the date of first chemotherapy. All of these

time-to-event outcomes were subject to right-censoring, due to limited follow-up, lost to

follow-up, or observing another event that prevented the event of interest.

The main objectives of this study were to determine how ethnicity and SES affected the

staging, treatment, and overall survival of CRC patients in Hawaiʻi and how age, gender, primary

site, grade of tumor, and stage may influence ethnic and socioeconomic disparities. To test the

correlation between two categorical variables, a Chi-squared and Fisher’s test were performed.

Kaplan-Meier estimator was used to generate survival distributions of time-to-event outcomes.

To examine differences in survival distributions with respect to groups (i.e., marginal comparison

of survival distributions), a log-rank test was performed. To adjust for multiple risk factors, a

cox-proportional model was estimated for each outcome type. Analysis was conducted on

RStudio and was considered significant at p < 0.05, unless otherwise specified. In tests involving
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multiple pairwise group comparisons, the p-value was adjusted to limit the Type-I inflation using

the “BH” and “BY” methods of Benjamini, Hochberg, and Yekutieli. This method controls the

false discovery rate, which is the expected proportion of false discoveries amongst the rejected

hypotheses.34 Statistical tests were considered significant at p<0.05 and primary estimates were

summarized with 95% confidence intervals.
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CHAPTER 4: RESULTS

Data from 1,939 CRC patients was collected and analyzed from The Queen’s Medical

Center in Honolulu, Hawaiʻi. Descriptive profiles and patient characteristics are displayed in

Table 1. The average patient age was approximately 64 years old and there was a gender

distribution of 44.30% females and 55.70% males. The Japanese ethnic group was the largest of

all ethnic groups and accounted for 28.78% of all patients. Whites served as the next largest

ethnic group accounting for 21.97%, followed by Filipino at 17.38%, NHPIs at 16.81%, Chinese

at 8.41%, and Other at 6.65%. The majority of patients were insured with either Medicare

42.29% or private insurance 37.33%, while 16.55% of patients were under-insured and 3.82%

had another type of insurance. The distribution for AJCC 1-4 staging included 19.39% of

patients diagnosed at stage 1, 26.35% stage 2, 31.41% stage 3, 20.58% stage 4, 2.27% other.

67.35% of patients had a moderately differentiated tumor (grade 2), 2.63% were well

differentiated (grade 1), 13.00% were poorly differentiated (grade 3), 0.72% were

undifferentiated (grade 4), and information on histologic grade was not available for 16.40% of

patients. Similar to previous research studies, the majority of patients 41.00% were diagnosed

with CRC in the left colon, 28.16% had CRC in the right colon, 28.57% had CRC in the rectum,

and 2.27% had CRC in other regions.

A chi-squared analysis as seen in Table 2 was performed to determine the impact of

ethnicity and insurance on AJCC staging at diagnosis. It was determined that both ethnicity

(p=0.0499) and insurance (p=0.0005) were significantly associated with AJCC staging. A

proportional odds model, together with the analysis of deviance concept, as seen in Table 3, was

performed to account for the effect of SES and ethnicity, on AJCC Staging. After accounting for

SES, ethnicity remained independently significant on AJCC staging (p=0.0077). Tables 4 and 5
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display frequency distributions of AJCC staging within each of the six major ethnic groups and

the four insurance groups, respectively. Interestingly, for all of the six major ethnic groups, the

greatest percentage of patients were diagnosed with an AJCC stage 3--except for the Chinese

population, who had an equal percentage of patients diagnosed with an AJCC stage 1. For most

ethnic groups, the second greatest percentage of patients were initially diagnosed with an AJCC

stage 2--except for that of NHPIs, who were diagnosed with an AJCC stage 4. When compared

to other ethnic groups, the percentage of NHPIs individuals initially diagnosed with an AJCC

stage 4 was significantly higher. With regard to insurance status, the majority of patients who had

Medicare, private insurance, and other insurance were also diagnosed with an AJCC stage

3--except for those who were under-insured, who had a majority of AJCC stage 4. The

relationship between age and AJCC staging was explored, and the median age across all AJCC

staging groups was over 60 (Figure 1).

Four time-to-event outcomes were analyzed: (I) overall survival, (II) date of initial

diagnosis to date of first treatment, (III) date of initial diagnosis to date of first surgery, and (IV)

date of surgery to date of first chemotherapy. Survival distributions for these outcomes are given

in Figures 2-13. Log-rank tests were performed to determine the differences in survival between

two or more independent groups and results are located in Table 6. Table 6 indicates that for all

four time-to-event outcomes, only SES as indicated by insurance at time of diagnosis had a

significant effect. Median times for all four time-to-event outcomes were determined, and results

further highlight the socioeconomic disparity in CRC. Table 10 indicates that the median overall

survival time is approximately three times greater for those with private insurance (153.38
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months) than those who were under-insured (53.97 months). Additionally, Tables 14 and 18

indicate that those who were privately insured had a decreased time to first treatment (0.85

months) and time to surgery (1.08 months) when compared to individuals who were

under-insured (1.28 months and 1.93 months, respectively).

The first time-to-event analysis was done for overall survival from CRC (Figure 2),

which had a median overall survival time of 91.4 months. It was found that ethnicity had no

significant effect on overall survival (p=0.6000), whereas SES had a significant effect

(p<0.0001) (Table 6). To determine differences in overall survival for the different

socioeconomic groups, a multiple comparison of survival curves was done (Table 8) and a

significant difference in overall survival was found between those who were privately insured

and those who were insured with Medicare (p<0.0001) or under-insured (p<0.0001). To

determine whether covariates including AJCC staging, primary site, and age had an effect on

overall survival, a cox regression was performed (Table 23). When adjusted for multiple

covariates, SES remained significant at a 5% level. Private insurance, other insurance, and

under-insured displayed hazard ratios of 0.80, 0.94, and 1.45 when compared to Medicare. AJCC

staging, primary site of CRC, and age were also found to be significantly associated with overall

survival. AJCC stages 2, 3, and 4 indicated increasing hazard ratios of 1.42, 1.84, and 10.44

when compared to AJCC stage 1. Other or unknown primary CRC sites and rectum indicated

increasing hazard ratios of 1.85 and 1.30 when compared to primary sites located in the left

colon. Age indicated a hazard ratio of 1.04 per increment by 1 year.

The second time-to-event analysis was done for the date of diagnosis to the date of first

treatment (Figure 5), which had a median time of 0.918 months. Similar to overall survival,

ethnicity had no significant effect on time to first treatment (p=0.2000), while SES had a
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significant effect (p<0.0001) (Table 6). The multiple comparisons test (Table 12) displayed

significant differences in time to first treatment between those who were privately insured and

those who had Medicare (p=0.0011), and a greater difference between those who were

under-insured versus privately insured (p<0.0001) or insured with Medicare (p<0.0001). After

adjusting for multiple covariates via a cox regression (Table 25), SES still remained significant at

a 5% level, and both AJCC staging and primary site of CRC were found to be significant. When

compared to Medicare, under-insured had a decreased hazard ratio of 0.75, whereas private

insurance and other insurance had increased hazard ratios of 1.23 and 1.05 respectively. AJCC

stage 4 indicated a reduced hazard ratio of 0.68 when compared to AJCC stage 1. Other or

unknown primary CRC sites, rectum, and right colon indicated hazard ratios 0.50, 0.69, and 1.28

when compared to primary sites located in the left colon.

Date of diagnosis to date of surgery was the third time-to-event outcome analyzed (Figure

8), which had a median time of 1.18 months. Log-rank scores indicate that only SES had a

significant effect on time to surgery (p<0.0001) (Table 6). A multiple comparisons test (Table 16)

indicated significant differences between those who were under-insured and those who had

Medicare (p<0.0001), other insurance (p=0.0260), and private insurance (p<0.0001). Although

ethnicity had no overall significance on this outcome, multiple comparisons between ethnic

groups (Table 15) showed a significant difference in time to surgery between the Japanese and

NHPIs (p=0.0300). When adjusted for multiple covariates (Table 27),  SES remained significant

at a 5% level, and AJCC staging and primary site were also of significance. When compared to

Medicare, private insurance and other insurance had increased hazard ratios of 1.15 and 1.19,

whereas under-insured had a decreased hazard ratio of 0.81. AJCC stage 2, 4, and other indicated
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reduced hazard ratios 0.86, 0.25 and 0.58 when compared to AJCC stage 1, whereas AJCC stage

2 had a hazard ratio of 1.00. Other primary site, rectum, and right colon indicated hazard ratios

of 0.34, 0.34, and 1.40 when compared to primary site left colon.

The last time-to-event analysis was done for the date of surgery to date of chemotherapy

(Figure 11). Like the first three time-to-event outcomes, log-rank tests show that only SES had a

significant effect on time to surgery (p<0.0001) (Table 6). Multiple comparisons of survival

curves (Table 20) indicated significant differences between those who were privately insured and

those who were insured with Medicare (p<0.0001) or under-insured (p=0.0033). After adjusting

for multiple covariates, SES remained significant at a 5% level (Table 29). Private insurance,

other insurance, and under-insured all displayed increased hazard ratios of 1.33, 1.11, and 1.07

when compared to Medicare. AJCC staging and age were also found to be significant on date of

surgery to date of chemotherapy. AJCC stage 3 indicated an increased hazard ratio of 4.37 when

compared to AJCC stage 2, and age indicated a decreased hazard ratio of 0.98.
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Figure 1. Box plot displaying the relationship between age and AJCC staging at initial diagnosis.
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Figure 2. The overall survival probability among all study participants, along with 95%

confidence intervals. The median overall survival time was found to be 91.4 months.
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Figure 3. Survival distribution functions generated based on ethnicity for overall survival.

30



Figure 4. Survival distribution functions generated based on SES for overall survival.
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Figure 5. Survival distribution for the time-to-event outcome given by the time to first treatment

for all study participants, along with 95% confidence interval. The median time to first treatment

was found to be 0.918 months.
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Figure 6. Survival distribution functions generated based on ethnicity for the first treatment

(surgery, chemotherapy, radiation).
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Figure 7. Survival distribution functions generated based on SES for the first treatment (surgery,

chemotherapy, radiation).
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Figure 8. Survival distribution for the time-to-event outcome given by the time of surgery for all

study participants, along with 95% confidence intervals. The median time to surgery was found

to be 1.18 months.
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Figure 9. Survival distribution functions generated based on ethnicity for the time to surgery.
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Figure 10. Survival distribution functions generated based on SES for time to surgery.
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Figure 11. Survival distribution for the time-to-event outcome given by the surgery to

chemotherapy treatment for all study participants, along with 95% confidence intervals. The

observed survival function remained steady, just below 50%, after 153 days, indicating that

nearly half of study participants did not pursue chemotherapy after the surgery.
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Figure 12. Survival distribution functions generated based on ethnicity for the surgery to

chemotherapy treatment.
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Figure 13. Survival distribution functions generated based on SES for the surgery to

chemotherapy treatment.
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Table 1. Summary of all patient characteristics. All variables except age are summarized using

count and percentages. *Age is summarized using mean and standard deviation.

Characteristics Frequency

*Age 64.39 (13.08)

Gender Female
Male

859 (44.30%)
1080 (55.70%)

Ethnicity Chinese
Filipino
Japanese
NHPI
White
Other

163 (8.41%)
337 (17.38%)
558 (28.78%)
326 (16.81%)
426 (21.97%)
129 (6.65%)

Insurance Status Medicare
Private
Under-insured
Other

820 (42.29%)
724 (37.33%)
321 (16.55%)
74 (3.82%)

AJCC Stage 1
2
3
4
Other

376 (19.39%)
511 (26.35%)
609 (31.41%)
399 (20.58%)
44 (2.27%)

Differentiation I
II
III
IV
Other

51 (2.63%)
1306 (67.35%)
252 (13.00%)
12 (0.62%)
318 (16.40%)

Primary Site Left colon
Right colon
Rectum
Other

795 (41.00%)
546 (28.16%)
554 (28.57%)
44 (2.27)
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Table 2. Chi Squared and Fisher’s Exact Test to determine the impact of ethnicity and insurance

on AJCC staging.

X-squared df p-value

Ethnicity 30.35 20 0.0499

Insurance 46.30 12 0.0005

Table 3. Proportional odds model, together with the analysis of deviance concept, to account for

the effect of SES and ethnicity, on AJCC Staging.

X-squared df p-value

Ethnicity 15.71 5 0.0077

Insurance 22.98 3 <0.0001
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Table 4. Frequency distribution of AJCC staging within each of the six major ethnic groups.

1 2 3 4 Other

Chinese
(n=163)

41 (25.15%) 38 (23.31%) 41 (25.15%) 36 (22.09%) 7 (4.29%)

Filipino
(n=337)

61 (18.10%) 88 (26.11%) 111 (32.94%) 70 (20.77%) 7 (2.08%)

Japanese
(n=558)

114 (20.43%) 151 (27.06%) 187 (33.51%) 95 (17.02%) 11 (1.97%)

NHPI
(n=326)

42 (12.88%) 81 (24.85%) 113 (34.66%) 82 (25.15%) 8 (2.45%)

White
(n=426)

93 (21.83%) 117 (27.46%) 120 (28.17%) 89 (20.89%) 7 (1.64%)

Other
(n=129)

25 (19.37%) 36 (27.91%) 37 (28.68%) 27 (20.93%) 4 (3.10%)

Table 5. Frequency distribution of AJCC staging within each of the four insurance groups.

1 2 3 4 Other

Medicare
(n=820)

174 (21.21%) 243 (29.63%) 244 (29.76%) 139 (16.95%) 20 (2.44%)

Private
(n=724)

147 (20.30%) 167 (23.07%) 255 (35.22%) 140 (19.34%) 15 (2.07%)

Under-
Insured
(n=321)

43 (13.40%) 85 (26.48%) 86 (26.79%) 100 (31.15%) 7 (2.18%)

Other
(n=74)

12 (16.22%) 16 (21.62%) 24 (32.43%) 20 (27.02%) 2 (2.70%)
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Table 6. Log-Rank test results indicating the impact of ethnicity and insurance on overall

survival, date of initial diagnosis to date of first treatment, date of initial diagnosis to date of

surgery, and date of surgery to date of first chemotherapy.

Category Log-Rank p-value

Overall survival Ethnicity 3.6 0.6000

Insurance 76 <0.0001

Time to first
treatment

Ethnicity 7.9 0.2000

Insurance 51.4 <0.0001

Time to surgery Ethnicity 11 0.0500

Insurance 34.2 <0.0001

Time from surgery
to chemotherapy

Ethnicity 2.4 0.8000

Insurance 60.3 <0.0001

Table 7. P-values for pairwise ethnic group comparisons on the overall survival outcome, after

correcting the type I error inflation.

Chinese Filipino Japanese NHPI Other

Filipino 0.91 - - - -

Japanese 0.91 0.91 - - -

NHPI 0.76 0.76 0.76 - -

Other 0.76 0.76 0.76 0.76 -

White 0.85 0.76 0.76 0.84 0.76
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Table 8. P-values for pairwise insurance group comparisons on the overall survival outcome,

after correcting the type I error inflation.

Medicare Other Private insurance

Other 0.081 - -

Private insurance <0.0001 0.174 -

Under-insured 0.051 0.051 <0.0001

Table 9. Median overall survival time by ethnic group.

Ethnicity Median Lower .95 Upper .95

Chinese 114.23 52.85 NA

Filipino 91.41 68.72 127.74

Japanese 96.00 80.82 118.56

NHPI 89.80 57.48 120.16

White 86.03 71.38 119.11

Table 10. Median overall survival time by SES.

Insurance Median Lower .95 Upper .95

Medicare 74.20 63.70 85.28

Private insurance 153.28 127.97 NA

Under-insured 53.97 37.38 66.98
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Table 11. P-values for pairwise ethnic group comparisons on the time to first treatment outcome,

after correcting the type I error inflation.

Chinese Filipino Japanese NHPI Other

Filipino 0.65 - - - -

Japanese 0.97 0.57 - - -

NHPI 0.35 0.65 0.20 - -

Other 0.65 0.97 0.65 0.65 -

White 0.65 0.97 0.52 0.65 0.97

Table 12. P-values for pairwise insurance group comparisons on the time to first treatment

outcome, after correcting the type I error inflation.

Medicare Other Private insurance

Other 0.968 - -

Private insurance 0.001 0.149 -

Under-insured <0.0001 0.032 <0.0001

Table 13. Median time to first treatment by ethnic group.

Ethnicity Median Lower .95 Upper .95

Chinese 0.92 0.75 1.08

Filipino 0.95 0.89 1.02

Japanese 0.85 0.79 0.92

NHPI 0.95 0.88 1.11

Other 0.87 0.69 1.11

White 0.92 0.85 1.08
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Table 14. Median time to first treatment by SES.

Insurance Median Lower .95 Upper .95

Medicare 0.89 0.85 0.98

Other 0.97 0.79 1.31

Private 0.85 0.82 0.92

Under-insured 1.28 1.11 1.44

Table 15. P-values for pairwise ethnic group comparisons on the time to surgery outcome, after

correcting the type I error inflation.

Chinese Filipino Japanese NHPI Other

Filipino 0.908 - - - -

Japanese 0.700 0.348 - - -

NHPI 0.401 0.348 0.028 - -

Other 0.737 0.743 0.348 0.908 -

White 0.908 0.908 0.348 0.348 0.700

Table 16. P-values for pairwise insurance group comparisons on the time to surgery outcome,

after correcting the type I error inflation.

Medicare Other Private insurance

Other 0.796 - -

Private insurance 0.796 0.796 -

Under-insured <0.0001 0.026 <0.0001
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Table 17. Median time to surgery by ethnicity.

Ethnicity Median Lower .95 Upper .95

Chinese 1.11 0.92 1.44

Filipino 1.21 1.02 1.57

Japanese 0.98 0.92 1.15

NHPI 1.70 1.15 2.56

Other 1.31 0.89 1.97

White 1.31 1.11 1.51

Table 18. Median time to surgery by SES.

Insurance Median Lower .95 Upper .95

Medicare 1.08 0.95 1.25

Other 1.02 0.79 2.66

Private 1.08 0.98 1.25

Under-insured 1.93 1.61 3.34

Table 19. P-values for pairwise ethnic group comparisons on the time of surgery to time of

chemotherapy outcome, after correcting the type I error inflation.

Chinese Filipino Japanese NHPI Other

Filipino 0.98 - - - -

Japanese 0.98 0.98 - - -

NHPI 0.98 0.98 0.98 - -

Other 0.98 0.98 0.98 0.98 -

White 0.98 0.98 0.98 0.98 0.98
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Table 20. P-values for pairwise insurance group comparisons on the time of surgery to time of

chemotherapy outcome, after correcting the type I error inflation.

Medicare Other Private insurance

Other 0.012 - -

Private insurance <0.0001 0.581 -

Under-insured 0.055 0.253 0.003

Table 21. Median time between time of surgery to time of chemotherapy by ethnicity.

Ethnicity Median Lower .95 Upper .95

Chinese 3.21 2.13 NA

Filipino 3.48 2.75 NA

Japanese NA 2.98 NA

NHPI 5.28 2.85 NA

Other 6.10 2.92 NA

White 5.02 3.84 NA

Table 22. Median time between time of surgery to time of chemotherapy by SES.

Insurance Median Lower .95 Upper .95

Medicare NA NA NA

Other 2.36 2.10 NA

Private 2.49 2.13 2.95

Under-insured 13.61 3.51 NA
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Table 23. Cox proportional hazards regression to adjust for potential covariates that may

influence the association between SES and overall survival from CRC. Reference groups are as

followed--Insurance: Medicare, AJCC 1, Site: Left colon

coef exp(coef) se(coef) z Pr(>|z|) lower .95 upper .95

Insurance:
Other

-0.058 0.943 0.197 -0.295 0.768 0.641 1.389

Insurance:
Private

-0.227 0.797 0.104 -2.180 0.029 0.649 0.978

Under-insure
d

0.369 1.447 0.105 3.487 <0.001 1.176 1.780

AJCC 2 0.350 1.420 0.124 2.820 <0.001 1.113 1.811

AJCC 3 0.612 1.844 0.119 5.144 <0.0001 1.461 2.329

AJCC 4 2.345 10.436 0.118 19.714 <0.0001 8.266 13.176

AJCC Other 0.291 1.338 0.296 0.984 0.325 0.749 2.392

Site:
Other/unkno
wn

0.616 1.852 0.184 3.347 <0.001 1.291 2.656

Site: Rectum 0.259 1.295 0.085 3.040 <0.01 1.096 1.530

Site: Right
colon

-0.087 0.917 0.087 -0.998 0.319 0.773 1.087

Age 0.034 1.035 0.004 8.984 <0.0001 1.027 1.043

Table 24. Analysis of deviance to adjust for potential covariates that may influence the

association between SES and overall survival.

loglik Chisq Df Pr(>|Chi|)

NULL -6002.1

Insurance -5963.5 77.22 3 <0.0001

AJCC Staging -5694.3 538.44 4 <0.0001

Site -5686.0 16.48 3 <0.0001

Age -5645.5 81.13 1 <0.0001
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Table 25. Cox proportional hazards regression to adjust for potential covariates that may

influence the association between SES and the time between the date of initial diagnosis to the

date of first treatment (surgery, chemotherapy, radiation). Reference groups are as

followed--Insurance: Medicare, AJCC 1, Site: Left colon

coef exp(coef) se(coef) z Pr(>|z|) lower .95 upper .95

Insurance:
Other

0.045 1.046 0.145 0.309 0.757 0.787 1.391

Insurance:
Private

0.193 1.213 0.075 2.569 0.010 1.047 1.406

Under-insur
ed

-0.284 0.753 0.087 -3.264 0.001 0.635 0.893

AJCC 2 0.089 1.093 0.083 1.066 0.286 0.9282 1.287

AJCC 3 0.125 1.133 0.081 1.535 0.125 0.966 1.328

AJCC 4 -0.385 0.681 0.093 -4.130 <0.0001 0.567 0.817

AJCC
Other

-0.197 0.821 0.179 -1.101 0.271 0.578 1.167

Site:
Other/unkn
own

-0.683 0.505 0.221 -3.086 0.002 0.327 0.779

Site:
Rectum

-0.375 0.687 0.063 -5.947 <0.0001 0.607 0.778

Site: Right
colon

0.243 1.276 0.067 3.643 <0.001 1.119 1.454

Age -0.005 0.996 0.003 -1.638 0.101 0.990 1.001
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Table 26. Analysis of deviance to adjust for potential covariates that may influence the

association between SES and time to first treatment.

loglik Chisq Df Pr(>|Chi|)

NULL -9581.2

Insurance -9554.4 53.64 3 <0.0001

AJCC -9524.5 59.79 4 <0.0001

Site -9481.6 85.70 3 <0.0001

Age -9480.3 2.68 1 0.10
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Table 27. Cox proportional hazards regression to adjust for potential covariates that may

influence the association between SES and the time between the date of initial diagnosis to the

date of surgery. Reference groups are as followed--Insurance: Medicare, AJCC 1, Site: Left

colon

coef exp(coef) se(coef) z Pr(>|z|) lower .95 upper .95

Insurance:
Other

0.175 1.191 0.152 1.149 0.251 0.884 1.603

Insurance:
Private

0.138 1.149 0.079 1.748 0.080 0.983 1.341

Under-insur
ed

-0.216 0.806 0.093 -2.312 0.021 0.671 0.968

AJCC 2 -0.155 0.857 0.086 -1.807 0.071 0.725 1.013

AJCC 3 0.004 1.004 0.082 0.044 0.965 0.854 1.179

AJCC 4 -1.387 0.250 0.107 -12.957 <0.0001 0.203 0.308

AJCC
Other

-0.553 0.575 0.180 -3.070 0.002 0.404 0.819

Site:
Other/unkn
own

-1.093 0.335 0.296 -3.697 <0.001 0.188 0.599

Site:
Rectum

-1.083 0.339 0.070 -15.421 <0.0001 0.295 0.389

Site: Right
colon

0.333 1.395 0.069 4.850 <0.0001 1.219 1.596

Age 0.001 1.001 0.003 0.466 0.641 0.996 1.007
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Table 28. Analysis of deviance to adjust for potential covariates that may influence the

association between SES and time to surgery.

loglik Chisq Df Pr(>|Chi|)

NULL -8878.0

Insurance -8859.4 37.18 3 <0.0001

AJCC -8736.0 246.71 4 <0.0001

Site -8537.9 396.19 3 <0.0001

Age -8537.8 0.22 1 0.6400

Table 29. Cox proportional hazards regression to adjust for potential covariates that may

influence the association between SES and the time between the date of surgery to the date of

first chemotherapy. Reference groups are as followed--Insurance: Medicare, AJCC 2, Site: Left

colon

coef exp(coef) se(coef) z Pr(>|z|) lower .95 upper .95

Insurance:
Other

0.105 1.111 0.262 0.402 0.688 0.665 1.860

Insurance:
Private

0.287 1.332 0.139 2.057 0.040 1.014 1.750

Under-insure
d

0.067 1.069 0.167 0.401 0.688 0.770 1.485

AJCC 3 1.476 4.374 0.128 11.567 <0.0001 3.406 5.616

Site:
Other/unkno
wn

-0.315 0.730 0.582 -0.541 0.589 0.233 2.285

Site: Rectum -0.028 0.973 0.151 -0.185 0.853 0.724 1.307

Site: Right
colon

0.027 1.028 0.109 0.249 0.803 0.830 1.273

Age -0.022 0.979 0.005 -4.491 <0.0001 0.970 0.988
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Table 30. Analysis of deviance to adjust for potential covariates that may influence the

association between SES and date of surgery to date of first chemotherapy.

loglik Chisq Df Pr(>|Chi|)

NULL -2765.2

Insurance -2736.3 57.76 3 <0.0001

AJCC -2644.1 184.60 1 <0.0001

Site -2643.7 0.68 3 0.8800

Age -2633.7 20.01 1 <0.0001

55



CHAPTER 5: DISCUSSION

This study explored the association between ethnicity and SES on the staging, treatment,

and overall survival of CRC patients in Hawaiʻi. Results show that ethnic disparities have

diminished, whereas socioeconomic disparities persist. Table 6, indicating the effect of ethnicity

and insurance on overall survival, date of initial diagnosis to date of first treatment, date of initial

diagnosis to date of surgery, and date of surgery to date of first chemotherapy best exemplifies

this statement, as an insignificant effect of ethnicity and significant effect of SES is seen for all

four time-to-event outcomes. The median times for all four time-to-event outcomes further

illustrates a socioeconomic disparity, as those who were privately insured had longer overall

survival times and shorter times to treatment and surgery than those who were under-insured.

5.1 Ethnic Disparities

Earlier studies using Hawaiʻi’s CRC population have found that CRC incidence rates are

highest in Japanese males and females, and Japanese patients have higher survival rates than any

other ethnic group.30-32 Contrary to these findings, the current study found that ethnicity had an

insignificant effect on all four time-to-event outcomes. Ethnicity, but more specifically, culture,

plays a huge role in medical interactions because health, illness, treatment, and care have

different meanings to different people; so it is interesting to see that there are no significant

ethnic differences in CRC outcomes or treatment patterns. This insignificance can be a result of

both patient and provider practices. From a patient’s perspective, it is possible that there are no

differences in healthcare access and utilization among the six major ethnic groups because

healthcare access and utilization may have increased over time. From a provider’s perspective, it

is possible that the providers in Hawaiʻi have become accustomed to the many cultures of

Hawaiʻi residents, and have become more mindful of cultural competence. In healthcare, cultural
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competence--defined as a set of congruent behaviors, attitudes, and policies that come together in

a system, agency, or among professionals and enable them to work effectively in cross-cultural

situations--is of utmost importance because the knowledge of cultural beliefs and customs allow

for healthcare providers to improve their care for and avert misunderstandings towards patients

and their families.40 In this case, cultural competence is more than a responsiveness of cultural

differences, for it can be used to improve health and well-being by integrating culture into the

delivery of health services, and could even be used as a method to reduce ethnic disparities.

However, there was a significant effect of ethnicity on AJCC staging at initial diagnosis.

The majority of patients for all ethnic groups were initially diagnosed with an AJCC stage 3. For

the Filipino, Japanese, White, and Other ethnic groups, the second greatest percentage of patients

were diagnosed with an AJCC stage 2. Interestingly, for NHPIs, the second greatest percentage

of patients were diagnosed with an AJCC stage 4, suggesting that NHPIs tend to be diagnosed at

a later stage. One possible explanation for this is the idea that the NHPI population did not utilize

or did not have access to medical care to diagnose CRC to the same degree as other ethnic

groups. In fact, research has shown that although Native Hawaiian men have the highest

mortality rate from colon cancer when compared to other ethnic groups33, approximately 60% of

Native Hawaiian men over the age of 50 have never been screened for CRC.39 The findings from

the current study are significant because it highlights the importance of CRC screening. As

noted, the median age at diagnosis for all patients across all AJCC stages is greater than 60.

However, the American Cancer Society guidelines recommend that CRC screening begin at the

age of 50. If all patients were to be screened upon turning 50 years old, CRC could be identified
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earlier on in the disease process, decreasing the incidence of being diagnosed at later stages. If

differences in screening is the main reason behind later AJCC staging at diagnosis, then

enforcing CRC screening can potentially create equally favorable outcomes among all ethnic

groups in Hawaiʻi.

5.2 Socioeconomic Disparities

Unlike ethnicity, there was a substantial socioeconomic disparity in CRC. Pairwise

insurance group comparisons indicate that patients who were privately insured had better

survival distributions than patients who were under-insured for all four time-to-event outcomes.

Additionally, privately insured individuals displayed a decreased time to first treatment and time

to surgery than their under-insured counterparts. This socioeconomic disparity was also seen in

AJCC staging at initial diagnosis. The majority of individuals who were privately insured,

insured with Medicare, or had other insurance types were diagnosed with an AJCC stage 3.

However, the majority of individuals who were under-insured were diagnosed with an AJCC

stage 4. It is not a surprise that individuals who were under-insured had significantly worse

survival distributions and were diagnosed at a later AJCC stage, for these findings have been

consistent throughout literature and are a result of a combination of patient, provider, and

health-system related factors.

Healthcare utilization and coverage remains significantly different across all segments of

society in the U.S.. For those of lower income, it is more likely for these individuals to be

medically underserved, and issues related to access to care may be the main cause for

socioeconomic disparities. Previous studies suggest that both under-insured and uninsured

patients have a reduced rate of participation in cancer screening programs, reduced receipt of

appropriate therapy, are less likely to receive services on a timely basis, and have reduced overall
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survival.35 In regards to CRC, it is suggested that lack of insurance is associated with an elevated

risk of late-stage diagnosis and a decreased likelihood of undergoing screening and receiving

treatment following a diagnosis.36 For under-insured individuals, insurance benefits are less

likely to include preventive and screening services. This implies that if a patient were to have a

colonoscopy, they would have to pay the entire cost of the procedure out-of-pocket, which is

approximately $3,000. Monetary burdens continue to serve as a barrier to health, and until

healthcare insurance is provided to all citizens, it is likely that those who are under-insured will

continue to be afflicted with poor CRC outcomes.

With regard to the Oʻahu population, the top 5 cities in Oʻahu with the highest rates of

poverty are Mākaha, with 30.1% of the population living in poverty, Waianae with 27.0%,

Waimānalo with 21.1%, Māʻili with 20.2%, and Nānākuli with 16.2%.52 Interestingly, these cities

are all located in rural parts of the island, where healthcare services are distant or nonexistent.38

This emphasizes the problem of healthcare accessibility because not only is healthcare costly, but

110,000 people--8.1% of the entire Hawaiʻi population--live in remote geographic locations47

that have limited physicians and medical services, further hindering their ability to receive any

medical attention they may seek.

5.3 Ethnic and Socioeconomic Disparities in NHPIs

Perhaps the disparities found within NHPIs is not a result of NHPI individual or group

behavior, but a result of systemic inequity in Hawaiʻi’s economy, housing, and healthcare

systems. Disparities in social and economic factors including isolation, lower income, lower

rates of home ownership, and lower educational attainment may contribute to increased high-risk

behaviors among Native Hawaiians.38 These high-risk behaviors including tobacco use, excess

fat and energy consumption, and low physical activity have caused increased morbidity and
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mortality from chronic illnesses among Native Hawaiians when compared to other ethnic groups

in Hawaiʻi.39 This demonstrates how both psychological and social conditions associated with

poverty can serve as significant driving factors that give rise to socioeconomic inequalities in

health.37 Therefore, alleviating health disparities in CRC will require efforts to address social

determinants of health including poverty, socioeconomic segregation, and racial discrimination.
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CHAPTER 6: CONCLUSION

6.1 Limitations

This study has several limitations. First, ethnicity is self-identified, not verified, and does

not address multi-ethnic people. Therefore, ethnicity as reported in this study may not accurately

represent the true ethnic makeup of an individual because ethnic identity refers to one’s

belongingness to an ethnic group and any perceptions, feelings, or behaviors that are caused by

ethnic group membership.41 In this case, ethnicity may not be as important as culture--a

phenomena that is not attributed to genetic inheritance. Second, SES was represented by

insurance status. Insurance status is a surrogate for SES, but there are many other measures that

can be used as socioeconomic indicators including but not limited to income, education,

occupation, and area of residence. Lastly, data utilized for this study was limited to 1,939

individuals that were seen and/or treated at The Queen’s Medical Center in Honolulu. It is

possible that patients from other islands flew to Oʻahu to be treated for their disease, but the

percent of patients coming from these islands is likely to be small. Thus, the use of a single site

center could minimize generalizability of these findings to other Hawaiian islands outside of

Oʻahu.

6.2 Future Directions

The ethnic disparity found in AJCC staging at initial diagnosis emphasizes the

importance of CRC screening, especially for NHPIs. Thankfully, initiatives done by Dr. Kevin

Cassel and his team at the University of Hawaiʻi Cancer Center continue to address and fight

health disparities found in the Native Hawaiian community. Dr. Cassel spearheaded No Ke Ola

Pono a Nā Kāne (for the good health of Hawaiian men), a community-based project conducted to

promote health improvement in Native Hawaiian men by addressing cancer-related health
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disparities via cultural practices. Perpetuating the Native Hawaiian practice of “hale mua” (men’s

house), allowed for the team to create conversation around healthy behaviors including the

adoption of colon cancer prevention strategies such as fecal immunochemical testing (FIT).

Participants claimed they enjoyed the hale mua approach in addressing health and many believed

they benefited from health-related conversations amongst other Native Hawaiian men. The team

wishes to continue explore these cultural approaches, for they believe that preserving and

practicing cultural traditions can serve as a means to combat health disparities among Native

Hawaiians.39 The success of this study can serve as a driving factor for the creation of similar

programs that can be geared towards other at-risk populations, as programs that make use of

existing community strengths will likely create successful implementation and long-term

effectiveness of such interventions.42

6.3 Conclusions

This study revealed associations between ethnicity and SES on the staging, treatment, and

overall survival of CRC patients in Hawaiʻi. It is clear that ethnic disparities have diminished,

whereas socioeconomic disparities persist. The results of this study may be applicable to other

underserved populations--particularly other minority ethnic groups and those of low SES.

Increasing health discussions and promoting CRC screening within these high-risk groups,

lowering financial barriers, and increasing access to healthcare for the under-insured could

potentially increase screening participation, which can ultimately address and reduce any ethnic

or socioeconomic disparities in all CRC patients.
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Appendices

Appendix A. Anatomy of the colon5
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Appendix B. AJCC staging and the respective T, N, M values.

AJCC Stage Tumor Node Metastasis

0 Tis N0 M0

I T1 or T2 N0 M0

IIA T3 N0 M0

IIB T4a N0 M0

IIC T4b N0 M0

IIIA T1 or T2 N1/N1c M0

T1 N2a M0

IIIB T3 or T4a N1/N1c M0

T2 or T3 N2a M0

T1 or T2 N2b M0

IIIC T4a N2a M0

T3 or T4a N2b M0

T4b N1 or N2 M0

IVA Any T Any N M1a

IVB Any T Any N M1b

IVC Any T Any N M1c
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