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Abstract

Objective/Hypothesis: Oral cancers in the US-affiliated Pacific Islands are poorly described
despite disproportionately higher incidences in certain jurisdictions. This study attempts to better
characterize the incidence, staging, and management of oral cancers in this region.

Study Design: Retrospective Epidemiological Study.

Methods: A retrospective review was conducted across the US-affiliated Pacific Islands between
2007 and 2019. Patient data were obtained for individuals with primary head and neck cancers
from the Pacific Regional Central Cancer Registry database. All cohorts were age-adjusted to the
2000 US Standard Population. Further analysis was performed on oral cavity cancers due to their
clear predominance within the sample.

Results: A total of 585 patients with primary head and neck cancers were included. The average
age was 54.5 £ 12.9 years, and most patients were male (76.8%). Oral cancer subsite analysis
revealed the proportional incidence of buccal mucosa was higher in 5 of 9 jurisdictions when
compared with the United States (© < 0.001). Tongue and lip cancers were not found to have
significantly higher incidence proportions. Patients in the Pacific Islander group were less likely
to be detected at earlier stages for cancers of the cheek and other mouth (p < 0.001), tongue (p <
0.001), and lips (< 0.001) compared with the United States.

Conclusions: Many Pacific Island populations are burdened with higher incidences of oral
cancer with later staging. Further investigation is recommended to evaluate oral cancer-related
outcomes and mortality in this region.
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INTRODUCTION

The Pacific Islander population is highly heterogeneous and several smaller groups are
often overlooked or underrepresented.! It has been well established that individuals from
the US-affiliated Pacific Islands (USAPI) face severe health care inequalities, and this
remains true even after migrating to the United States, as they have been found to be
hospitalized at younger ages with more severe illnesses.2 Among these health disparities is
a disproportionately high incidence of oral cancers as demonstrated by men in Guam and
Hawaii.3 Oral cancers are the sixth most common cancer globally, with 5-year survival rates
as low as 50%.4 Unfortunately, many patients present later with more extensive disease,
compromising the opportunity for early diagnosis and treatment.> Given the high incidence
of oral cancer in Pacific Islander populations, overall poor prognosis, and overlying potential
impact of health care inequality for USAPI populations, it is important to evaluate the
incidence and patterns of oral cavity cancers (OC) in this cohort.

There are several risk factors that may explain the increased trends in OC across the USAPI.
Prior studies suggest that the elevated rates throughout the geographic region known as
Micronesia can largely be attributed to socio-cultural activities, including betel nut chewing
with concomitant alcohol use or tobacco mixing.6 However, there is a paucity of literature
on this topic secondary to the challenging nature of conducting research in a relatively
small, underserved, and heterogenous population.”~® There have been studies investigating
larger populations in Guam or Hawaii,® but no studies to date have attempted to examine
and compare the smaller island populations across the geographic region of Micronesia,
which includes the Republic of Palau, the Republic of the Marshall Islands (RMI), and

the four states of the Federated States of Micronesia (FSM)—Yap, Chuuk, Pohnpei, and
Kosrae. For instance, although the betel nut chewing prevalence varies across cultures and
communities, 1012 no research has been conducted to see whether there are any differences
in the incidence of OC between islands. Additionally, although significant health care
disparities exist between the USAPI and the United States, there are limited data regarding
differences in initial staging or access to treatment. The present study is a retrospective
review attempting to address these gaps in the literature by better characterizing the
incidence, staging, and treatment, across several USAPI populations.

METHODS

Patient Cohort Identification

A 12-year (2007-2019) retrospective review of cancer abstracts from the USAPI Pacific
Regional Central Cancer Registry (PRCCR) database was performed on all patients
diagnosed with primary head and neck malignancies. The PRCCR is a CDC National
Program of Cancer Registries (NPCR) population-based central cancer registry that includes
all reportable cancers from American Samoa (AS), the Northern Mariana Islands (MP),
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Guam, Palau, the Marshall Islands (MH), and the four Federated States of Micronesia:
Chuuk, Kosrae, Pohnpei, and Yap. The primary head and neck malignancies in this study
included those arising in the nasopharynx, OC, oropharynx, hypopharynx, larynx, paranasal
sinuses, middle ear, and nasal cavity. Patient data from the United States with the same
corresponding primary head and neck malignancies were extracted from the National Cancer
Institute (NCI) Surveillance, Epidemiology, and End Results (SEER) program between 2007
and 2018 for comparison. Further analysis was focused on OC given their highest incidence
within the current study’s sample. PRCCR staging was assessed using the 2000 SEER
Summary Stage system, as determined by the initial collection of data. Summary Stage is
used by both the CDC NPCR and NCI SEER registries and is reported on the United States
Cancer Statistics.13 Summary stage has 7 codes, but invasive cancers are ultimately reported
as localized, regional, or distant. Localized corresponds to Stage 1-2 (confined to the
primary site), regional to Stage 3—4 (regional extension or to regional lymph nodes), regional
not otherwise specified to Stage 5, and distant to Stage 7 (distant extension or remote lymph
nodes). However, it should be noted that summary Stage 7 also includes locally advanced
diseases including mandibular involvement, and may not represent what is conventionally
regarded as “distant” in head and neck surgery. The University of Hawaii Committee on
Human Subjects determined the PRCCR activities as exempt from IRB approval in 2014.

Statistical Analysis

RESULTS

Means and standard deviations were calculated for continuous variables, and frequencies
and percentages were acquired for categorical variables. Age-adjusted incidence rates were
calibrated following the 2000 US Standard Population, for both the SEER and USAPI
cohorts. Due to later methodological differences in census reporting between jurisdictions,
census data from 2000 were used in age adjustment, with the exception of MH (2011), due
to the unavailability of earlier data. Incidence proportions between the specific malignancy
and other oral cavity (OC) cancers were compared between the USAPI and SEER cohorts.
Differences in SEER Summary staging were also analyzed between the USAPI and SEER
cohorts. Categorical tests were performed using the Chi-squared test for independence with
Yates correction for contingency tables with less than 10 entries. An a = 0.05 was used for
all statistical tests with subsequent Bonferroni correction.

Cancer Incidence in USAPI

Patient data for 585 individuals were acquired from the PRCCR database. The largest
sample (7= 230, 39.3%) of patients were diagnosed in Guam, and the rest of the distribution
is depicted in Table I. The average age of the sample was 54.5 + 12.9 years, and the patients
were predominantly male (76.8%) and of Micronesian race (49.1%). Additionally, there
were 177 individuals identifying as Chamorro (30.3%), 38 as Filipino (6.5%), and 36 as
White (6.2%). There were 407 and 401 patients with data available regarding alcohol and
tobacco use, respectively. Of these, there were 303 (74.4%) with alcohol use history and 322
(80.3%) were either current or former smokers. In comparison, there were 232,813 patient
records acquired from SEER for malignancies with the same primary sites. This cohort from
the United States was also predominately male (71.5%), with the incidence peaking between
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55 and 69 years. The majority of patients were White (7= 203,115 (87.2%)), with the next
largest groups being Black (24, 435 (10.5%)) and Asian or Pacific Islander (15,056 (6.5%)).

After calibration to the 2000 US Standard Population, the age-adjusted incidence rates
ranged from 5.6 (Chuuk) to 98.4 (Yap), as shown in Figure 1. Of the 585 cases of head and
neck cancer, 300 (51.3%) were of the OC, yielding a crude incidence rate of 5.5 per 100
000. In the SEER cohort, there were 85,765 (36.8%) cases of OC, yielding a crude incidence
rate of 6.2. The cumulative USAPI crude incidences per 100 000 across the top 3 confirmed
primary OC sites are listed as follows: buccal mucosa (crude incidence rate = 1.5), tongue
(1.4), and lip (0.5), as depicted in Figure 2. Otherwise, almost 10% of OC in the USAPI
cohort were of unspecified subsite.

Buccal Mucosa

Tongue

The age-adjusted incidences for all jurisdictions with data were higher than that of the US
data (0.29), with the highest being Pohnpei at 14.4 per 100 000. Analysis of incidence
proportions demonstrated statistically significant differences between Guam, MP, Pohnpei,
Palau, and Yap when compared with the SEER cohort (p <0.001). Incidence proportions
were not statistically significant for AS, Kosrae, or MH, as few or no patients were reported
to have OC arising from the buccal mucosa. These data are more completely characterized in
Table 11.

On average, USAPI patients with cancer arising from the cheek or other mouth were 48.9
years old (SD = 12.5) and predominately men (75.3%). PRCCR summary staging results
for the 51 patients with available data indicated a relative majority of participants being
limited to Stage 1 (27.5%). By contrast, those from the SEER cohort were more likely to

be limited to Stage 1 (56.7%), and this difference was of statistical significance (v <0.001).
However, 22% of SEER malignancies were diagnosed at summary Stage 7 compared with
17.6% in the Pacific, which was not a statistically significant finding. A significantly greater
proportion (p < 0.001) of individuals from the current study were diagnosed at Stage 5, or
regional NOS. These data are displayed with finer granularity in Table I1I.

There were 82 cases of tongue malignancies. After age adjustment, the incidence rates
ranged from 0.24 (AS) to 14.0 (Yap) per 100,000, respectively. Although the majority of the
USAPI jurisdictions were found to have higher age-adjusted incidence rates to that of the US
at 1.56 per 100 000, none of the incidence proportions across any of the jurisdictions were
found to be of statistical significance.

The average age at diagnosis for USAPI individuals with tongue malignancies was 48.9
years (SD = 12.8). Additionally, males were more frequently diagnosed (74.4%). Based

on the summary stage system, the majority of patients were found to be either Stage 1
(34.1%) or 4 (31.8%). However, 63.8% of patients from the SEER cohort were diagnosed at
Stage 1 (p <0.001). Notably, 6.0% of the SEER cohort was diagnosed at summary Stage 4
compared with 31.8% of the Pacific Island sample (o < 0.001). Otherwise, as before, there
was a significantly higher frequency of individuals who were diagnosed with regional NOS
disease (p < 0.001).
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There were 27 patients diagnosed with malignancy arising from the lips. The age-adjusted
values are displayed in Table Il. The average age for diagnosis in the current sample was
50.1 + 9.7. The sample was predominately male (81.5%). Further information regarding
staging is detailed in Table I11. The vast majority of lip malignancies in the US cohort were
SEER Stage 1 (92.8%), but this was not reflected in the PRCCR group (36.7%) (p < 0.001).
Furthermore, 30.0% and 26.7% of these USAPI lip cancer patients were diagnosed at SEER
Stage 3 or 4, respectively. These findings were statistically significant when compared with
the corresponding values of the SEER cohort at 2.8% and 0.6% (p < 0.001).

DISCUSSION

In this study, we identified important differences to highlight for both incidence rates

and staging in USAPI populations when compared with the SEER cohort. It should be
noted that the populations in the present study were all more strongly skewed to older

ages in comparison to the United States. Therefore, after age adjustment, incidence rates
rose across all jurisdictions. Although the age-adjusted incidence for certain populations
including AS (6.1) or MH (7.4) remained below that of the United States in 2007 (10.9)
and 2016 (11.7),14 there were many others that were considerably higher. For instance, the
age-adjusted incidences per 100 000 for Guam, Palau, and Pohnpei were 20.6, 23.8, and
37.5, respectively. However, special attention must be called to the population of Yap, which
had the fourth highest number of cases despite having the second smallest population. For
the Yapese people, the age-adjusted incidence rate was nearly tenfold that of the United
States at 98.4 per 100,000. When compared with GLOBOCAN 2018 estimates, Yap has the
highest age-adjusted head and neck cancer incidence globally.1>

These findings may be at least partially explained by differences in cultural customs and
substance use. In a cross-sectional survey of 1,200 individuals, Paulino et al. found that

the prevalence of betel nut chewing was the highest at Yap, with a reported prevalence of
94%.16 The betel (areca) nut has been classified by the International Agency for Research
on Cancer as a Group 1 human carcinogen,l’ and is often chewed in conjunction with
chewing tobacco, smoking, and alcohol. Indeed, the same survey found that the prevalence
in Yap of mixing betel nut with chewing tobacco, and alcohol was found to be 85% and
40%, respectively. Similarly, the authors found that the prevalence of betel nut chewing was
also higher in Pohnpei and Palau at 76% and 51%, respectively, when compared with the
United States. Although Paulino et al.’s investigation did not extend to Guam or MP, it has
been well established that these areas are rife with betel nut chewing practices as well.®
Furthermore, in all the aforementioned populations, the incidence proportions of buccal
mucosal cancers to other OC were found to be significantly higher than that of the United
States. All comparisons of incidence proportions of buccal mucosal cancer across MP,
Guam, Pohnpei, Yap, and Palau were statically significant (o < 0.001). Unlike conventional
oral squamous cell carcinomas caused by tobacco or alcohol, it has long been established
that carcinogenesis arising from betel nut chewing tends to arise around the buccal mucosa
or “cheek” areas rather than the crescentic area at the floor of the mouth.18 By contrast,

the prevalence of betel nut chewing was found to be lower in the states of MH (3%) and
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Kosrae (11%), both of which demonstrated lower incidence rates of cheek and other mouth
malignancies. There is no literature reporting prevalence rates of betel nut chewing in AS.

There are several key differences to be noted regarding staging across primary sites.

First, regardless of significance, malignancies diagnosed in the USAPI were less likely

to be associated with distant metastases when compared with the SEER cohort. This is
counterintuitive due to the disparities in cancer detection and timely treatment that those

in the USAPI often experience.1® However, it is likely that these distant metastases may

be underdiagnosed due to the statistically significant higher proportion of regional NOS
diagnoses across several primary sites in the PRCCR sample. In many cases, it is possible
that a more accurate diagnosis cannot be made in a patient’s home state, leading to
individuals seeking health care either in the Philippines, Guam, or Hawaii.2% This may

at least partly explain the lower frequency of distant, metastatic disease. Secondly, the
disparities in detecting and treating malignancies can be exemplified by the trends in cancers
arising from the lip. Although over 90% of the SEER cohort was diagnosed at SEER Stage
1, this number falls sharply to 36.7% for the USAPI group (p < 0.001). The failure to

detect neoplasms before they involve lymph nodes or directly spread can be observed among
cancers involving the tongue (0 < 0.001) and buccal mucosa (p < 0.001) as well. Delayed
diagnoses are associated with more extensive disease and poorer outcomes,?! and this may
explain why individuals from the USAPI have worse outcomes and survivability than those
in the United States.2?

Although the authors did not have any data on mortality, one single-institution review found
that the 5-year overall survival for individuals in Saipan was 49.5% compared with 60.0%
in the US cohort.22 The researchers found that patients in Saipan presented later with more
extensive locoregional disease, as was also demonstrated in the current study. Additionally,
the patients in the Saipan study (48.0 years) as well as the current investigation (54.5 years)
presented at younger ages when compared with the United States (63.0 years).23 Although
the populations of the USAPI jurisdictions are younger in general, betel nut chewing has
been associated with earlier-onset carcinogenesis in several regions, globally.24-26 Betel nut
chewing has been shown to induce a pre-malignant state known as oral submucosal fibrosis
through a mechanism of field cancerization.2” After chronic chewing habits, exposure

of the oral mucosa to carcinogens including arecoline or reactive oxygen species may
predispose patients to developing more aggressive, treatment-resistant malignancies.?8 The
current prevailing theories behind carcinogenesis include genotoxicity, tumor suppressor
inhibition, and tissue hypoxia-driven proliferation.29 Although the pathophysiology behind
betel nut-induced cancers is still unclear, the prolific usage of this stimulant may explain the
earlier onset and poorer survival outcomes in certain USAPI jurisdictions. The disparities in
outcomes may also be explained in part by the drastic differences in resource limitations,

as exemplified by the per capita total health expenditure of these jurisdictions. For instance,
this metric is five-fold greater in the United States compared with Guam and almost 50-fold
greater in contrast to Chuuk.30

Limitations of this study include not having data pertaining to betel nut usage, mortality,
or overall outcomes. Additionally, the available data on certain parameters including AJCC
staging were incomplete for the entire sample. Furthermore, sample sizes were relatively
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small due to the nature of the populations included in this study. It is important to note

that there were no means to track individuals who moved away or sought treatment outside
of the USAPI. Therefore, true differences in outcomes between USAPI and mainland US
populations cannot be definitively determined without additional data on this parameter.
Finally, there was incomplete reporting of data for certain metrics including SEER staging,
which may predispose the current analysis to sampling bias. However, this investigation

is not without its strengths. This is the first attempt to characterize the incidence, staging,
and treatment trends across multiple USAPI jurisdictions. In addition, several methods were
used to assess the frequency of OC including crude incidence rates, age-adjusted incidence
rates, and incidence proportions across other OC. Further research should attempt to more
accurately stage OC and measure mortality and associations between the incidence for OC
and betel nut usage across the USAPI jurisdictions.

CONCLUSION

The age-adjusted incidence rates for head and neck cancers were found to be highest in

Yap (98.4), Pohnpei (37.5), and MP (25.5) per 100 000. Of all OC primary sites, the

most common areas for malignancy development were the buccal mucosa (27%) and the
tongue (25.3%). USAPI patients presented with later, moreadvanced stage disease when
compared with the SEER registry data cohort. Further prospective, multiinstitutional data on
the USAPI population are needed with additional data collection on treatment outcomes and
mortality.
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