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Abstract

:

Objective: The US 5-year survival rate after thyroid cancer (TC) diagnosis is over 95%. Our aim was to investigate survival differences by sex and race and ethnicity in a multiethnic US population. Design: In the Multiethnic Cohort (MEC) study, a total of 605 incident TC cases were identified by linkage to HI and CA statewide cancer registries. Cox models were performed to compare the risk of all-cause mortality among TC cases by sex and race and ethnicity, with adjustment for age, first course of treatment, baseline body mass index, smoking status, alcohol intake, and neighborhood socioeconomic status. Survival among cases was also compared to matched MEC controls with no thyroid cancer. Results: After a mean follow-up of 10.1 years, 250 deaths occurred among TC cases, including 63 deaths attributed to thyroid cancer. The median survival was 14.7 years, and the 5-year age-adjusted overall survival was 84.4% for female cases and 68.7% for male cases (p < 0.0001, HR 2.28 (95% CI: 1.72, 3.01)). Age-adjusted survival was lower among African American, Native Hawaiian, and Filipino cases, compared to Japanese American cases, with Whites and Latinos being intermediate. Men and Filipinos were found to have excess mortality due to thyroid cancer compared to controls (adjusted HR 1.39, 95% CI: 1.11, 1.74; HR 1.62, 95% CI: 1.04, 2.53, respectively). Conclusions: Sex and racial and ethnic disparities in survival among TC cases were similar to those found in the general population. However, cases with TC had an excess risk of death among males and for Filipinos.
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1. Introduction


Thyroid cancer (TC) is the most common endocrine cancer worldwide, and incidence rates have been increasing in most countries [1]. This cancer is ranked as the 9th most common in the world [2], and 12th in the United States (US) [3]. Sex and racial and ethnic disparities are observed with TC. Women have higher incidence rates than men, with a ratio of 3:1 [4]. In US SEER data, Whites (15.1 per 100,000) [4] and Filipinos (19.6 per 100,000) [5] have higher incidence rates than other race and ethnic groups (8.4 African American and 12.2 Hispanic per 100,000), and, in Hawaiʻi SEER data, the rates for Filipinos are also elevated [6]. The estimated number of deaths due to TC in the US in 2023 is 2120 (970 men; 1150 women) [7]. The overall US 5-year survival rate for TC is 98.3% [3]. Sex and racial and ethnic disparities have been reported, with lower survival in men than in women [8] and Non-Hispanic Blacks (NHB) compared to Non-Hispanic Whites (NHW) [8]. However, there is limited literature on survival in TC cases among other racial and ethnic groups. This manuscript utilizes the Multiethnic Cohort (MEC) to compare TC survival across sex and racial and ethnic groups, adjusted for relevant risk factors.




2. Materials and Methods


2.1. Study Population


The MEC is a prospective cohort designed to identify lifestyle and genetic risk factors for cancer in a diverse population, as has been previously described [9]. In short, between 1993 and 1996, a baseline questionnaire (QX1) was mailed to adults aged 45–75 residing in Hawaiʻi and California (mostly Los Angeles County). The baseline questionnaire surveyed demographic characteristics, diet through a food frequency questionnaire, anthropometrics, smoking history, reproductive history, and other lifestyle factors. The MEC was designed to study the major racial and ethnic groups in the U.S. including African American, Japanese American, Latino, Native Hawaiian, and White. Filipinos were disaggregated from the Other racial and ethnic group for this report because of their high incidence of TC [5,6]. Race and ethnicity was defined by self-report. Native Hawaiian included any-part Hawaiian, as is traditional in this native group; 94% of the other MEC participants reported a single race and ethnicity. The remaining participants were assigned either to one of the six groups of interest if it was included in their admixture or to the “Other” group. This study was approved by the Institutional Review Boards of the University of Hawaiʻi and the University of Southern California.




2.2. Thyroid Cancer Ascertainment


TC cases in the MEC were identified by linkage to the statewide Surveillance, Epidemiology, and End results (SEER) statewide cancer registries of Hawaiʻi and California [9]. This passive approach should identify virtually all cases, as migration outside the two states has been low. Included were cases with primary invasive thyroid cancers with an ICD-O3 code of C730-C739 diagnosed after cohort entry. The SEER Summary Stage 2018 [10] was used, categorized as localized, regional, or distant. Information on the first course of treatment consisted of thyroid hormone, radiation, and surgery. Deaths were identified via linkages with the National Death Index and death certificate files for Hawaiʻi and California [9], in addition to the cancer registries. Cancer and death ascertainment were complete through 31 December 2017.




2.3. Statistical Analysis


Five-year and ten-year survival rates were estimated overall and by sex and race and ethnicity. Survival time was calculated as years starting at the date of the TC diagnosis and ending at either (1) date of TC-specific death, (2) date of death due to other causes, or (3) the closure date for death reporting (31 December 2017). Participants who were alive at the closure date were censored at that time. The analysis of TC-specific death is not presented as the number (n = 63) was too small, especially in subgroups.



Survival estimates by sex and by racial and ethnic groups were computed from Cox proportional hazards models, with age as the time metric. Minimal adjustment included age at diagnosis as a covariate, as well as sex and race and ethnicity where appropriate. Intermediate adjustment additionally included stage (localized, regional, distant) as a strata variable, and full adjustment additionally included the first course of treatment (thyroid hormone, radiation, surgery), and baseline values from QX1 for body mass index (BMI) (≤25, 25–29.9, ≥30 kg/m2, based on self-reported height and weight), smoking status (former, never, current), alcohol intake (g/day, continuous), and neighborhood socioeconomic status (nSES). At baseline, nSES was created via addresses that were geocoded and linked to the 1990 US Census block groups. The nSES score was previously developed from principal component analysis which included 7 census indicator variables: poverty, education, household income, rent, house value, employment, and occupation [11]; nSES were parameterized as low (Quintile 1 to 3) and high (Quintile 4 and 5) based on Hawaiʻi and Los Angeles County specific distributions [12]. These adjustment factors have been found to have an association with survival in the literature or in prior MEC studies. Race and ethnicity were categorized as African American (AA), Filipino, Japanese American (JA), Latino, Native Hawaiian (NH), White, and Other (e.g., Chinese and Korean). Japanese American cases were designated as the reference group as they comprised the largest group with the lowest risk of death. The proportional hazards assumption, tested based on the interaction of time and the exposure, was met for all variables but stage, which was included as a strata variable. Hazard ratios (HR) and corresponding 95% confidence intervals (CI) are reported. Due to small numbers, men and women were combined to study racial and ethnic differences, adjusting for sex in the model. The Other race category is not presented separately due to small numbers (12 cases); however, the group is included in the total. As a sensitivity analysis, the comparisons by race and ethnicity were performed for men and women separately. Given the small number of TC-specific deaths, to study whether TC cases experienced excess mortality, we compared the overall survival of TC cases with MEC members with no TC within sex and racial and ethnic groups. Each case was randomly matched to up to 100 controls who were alive at the age and date of their matched case’s diagnosis; the matching factors were sex, race and ethnicity, and birth year (±5 years). Survival time for this analysis was calculated as years starting at the date of the case’s diagnosis within the matched set and ending at the date of death or closure date of 31 December 2017. A Cox model of the risk of dying was fit to estimate the HR for TC cases versus controls, with matched set as a strata variable and adjustment for the baseline values for BMI, alcohol use, smoking status, and nSES. Other covariates, such as pack-years, were considered but found not to improve the model fit. Accounting for the clustering of nSES by the census block group did not alter the results. Significance was defined as p < 0.05, and all analyses were conducted using SAS version 9.4 (SAS Institute, Cary, NC, USA).





3. Results


A total of 605 primary incident invasive TC cases were included in the analysis, with the majority, 82.5%, having papillary and mixed papillary follicular tumors. During a mean follow-up of 10.1 years, a total of 250 deaths were identified, with 63 deaths due to TC. The characteristics of the cases by race and ethnicity are displayed in Table 1. The majority (70%) of cases were women. The mean age of diagnosis ranged from 66.5 years in NH to 72.0 years in AA. Obesity, smoking status, nSES, and alcohol intake differed across racial and ethnic groups. The majority of TC cases were diagnosed at a localized stage, except among Filipinos that had more regional and distant tumors. The vast majority of cases received surgery as the first course of treatment (89%); about half of cases had radiation therapy, which was most common among Filipinos and JA cases.



The age-adjusted survival curves from Cox regression among TC cases are shown by sex in Figure 1 and by race and ethnicity in Figure 2. Male cases had a significantly higher risk of death than female cases (p < 0.0001) with an HR of 2.28 (95% CI: 1.72, 3.01) (Table 2). The 5-year minimally adjusted survival was 84.4% for women and 68.7% for men; the 10-year survival estimates were 73.2% and 52.0%, respectively (Table 2). The risk of death was observed to be significantly higher in each of the racial and ethnic groups compared to JA: at least 80% higher for AA, NH, and Filipino cases (Table 2). The fully-adjusted survival curves for all causes are shown by sex in Figure 3 and by race and ethnicity in Figure 4; the survival estimates were similar to the age-adjusted values. The elevated risk remained after multivariable adjustments for AA, NH, and Filipino cases, although statistical significance was maintained only in NH cases (Table 2). No single covariate produced attenuated results. When cases with localized and regional/distant stages were analyzed separately, the relative risk for men was significantly higher than women for all stages, while each racial and ethnic group had a significantly higher risk than JA cases in the regional/distant stage only (Supplemental Table S1).



Comparing TC cases’ risk of dying to that of matched controls, there was little difference in the risk of death overall (p = 0.94) (Table 3). Survival for female TC cancer cases was similar to the matched controls; however, among men, a TC diagnosis led to a 39% increased risk of death (adjusted HR = 1.39, 95% CI: 1.11, 1.74). Survival for TC cases was similar to matched controls for all racial and ethnic groups, except for Filipino adults, where TC cases had a statistically significant increased risk of death (adjusted HR = 1.62, 95% CI: 1.04, 2.53).




4. Discussion


In our analysis of TC cases, we found sex and racial and ethnic differences in survival, with a significantly higher risk of death in men compared to women and in each of the other racial and ethnic groups compared to JA cases. Additionally, an excess risk of death was found among male and Filipino TC cases compared to age-, sex-, and race and ethnicity-matched controls with no TC diagnosis. Similar sex differences were observed in a study using the National Thyroid Cancer Treatment Cooperative Study Group Registry that observed higher survival in women than men, for all (88% vs. 71%) as well as disease-specific (96% vs. 91%) causes [13]. Our results for racial and ethnic group differences are in agreement with a report using the US SEER 1994–2004 for the papillary subtype, where survival was the lowest in Blacks (91.5%), followed by Asian Pacific Islanders (API, 94.4%) and NHW (95.3%) [14]. A similar lower survival was observed for Filipinos, using the California Cancer Registry; the 5-year overall survival for Filipinos was 95.1% compared to non-Filipino Asians at 97.1% and non-Asians at 96.3% [15]. Similarly, Hawaiʻi statewide mortality rates for TC were higher in men compared to women [16]. Using the US SEER data for 1998–2005, the relative risk (RR) for death among TC cases with the regional stage in men compared to women was 1.56 (95% CI: 1.31, 1.85) [17], and for 2004–2018, the RR for males versus females was 1.47 (95% CI: 1.25, 1.74) for TC-specific death and 1.63 (95% CI: 1.50, 1.78) for all-cause death [18].



The difference in TC survival by sex has been suggested to be due to ascertainment bias, with men seeking healthcare services at an older age and later stage of tumor and women utilizing care more frequently [13]. In the MEC, men were diagnosed at an older age (71 vs. 69 years) and had more regional and distant disease compared to women (36.5% vs. 27.3% regional; 13.2% vs. 8.7% distant). Also, an earlier report of the incidence of TC in Hawaiʻi noted that women were diagnosed at a younger age than men, and men were diagnosed more often at a more advanced stage [19]. Mortality rates in the US population, in general, show that men have 40% higher death rates compared to women, which has been related to unhealthy behaviors and irregular checkups [20]. However, we found that men experienced excess death after a TC diagnosis, compared to men with no TC, matched on race and ethnicity and age. In general, NHB have higher mortality rates compared to NHW [21,22] and AAPI [23]. In an earlier report of Cancer at a Glance in Hawaiʻi, NH and Filipinos in Hawaiʻi had higher overall TC mortality rates compared to other races and ethnicities and other Asian subgroups (JA/Chinese) [24]. Racial and ethnic differences for mortality have been associated with social determinants of health [23].



The disparity in survival among TC cases was compared with those in the general MEC control population. Men with a diagnosis of TC were found to have higher death rates than similar men with no diagnosis. In addition, the overall disparities in survival among TC cases by race and ethnicity largely mirror the survival in the general population among African Americans and Native Hawaiians. The general excess mortality among these racial and ethnic minorities has been related to SES, screening, preventive measures, and treatments, as well as health-related behaviors (smoking, drinking, diet) [25]. Filipinos with TC were found to exhibit excess mortality compared to Filipinos who did not have the disease. The excess risk observed for men and Filipinos may be partially related to their later stages at diagnosis.



The limitations of our study to understand the extent of disparities in TC survival include the limited number of deaths due to TC. In addition, we lack detailed information on treatment, including adherence or the use of native medicines, and on tumor markers. The strength of our study includes a diverse disaggregated multiethnic population, including high-risk groups, with information on the age at diagnosis, stage and histology, and many risk factors for death. The identification of cancer cases and deaths through passive linkage to statewide registries in Hawaiʻi and California is likely to be virtually complete in the MEC populations which had little out-migration to other states. Our results suggest that the survival disparities among racial and ethnic groups in TC cases mirror those in the general population for African Americans and Native Hawaiians, but that TC leads to excess death in men and Filipinos. Future studies are warranted to further explore reasons for the poorer survival in men and Filipinos, including the assessment of tumor molecular profiles and germline genetics of cases.








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/ijerph21030324/s1, Table S1: Relative risk of death by sex and race and ethnicity and 5 and 10-year survival by stage among thyroid cancer cases, the Multiethnic Cohort study 1993–2017.





Author Contributions


Conceptualization, J.V.A. and L.R.W.; methodology, J.V.A. and L.R.W.; software, J.V.A.; validation, J.V.A. and L.R.W.; formal analysis, J.V.A. and L.R.W.; investigation, J.V.A.; resources, L.L.M., L.R.W. and C.A.H.; data curation, J.V.A. and L.R.W.; writing—original draft preparation, J.V.A. and L.R.W.; writing—review and editing, J.V.A., L.R.W., S.-Y.P., C.A.H., I.C., L.L.M. and B.Y.H.; visualization, J.V.A., L.L.M. and S.-Y.P.; supervision, L.R.W.; project administration, J.V.A., L.L.M., L.R.W. and C.A.H.; funding acquisition, L.R.W., C.A.H., I.C. and L.L.M. All authors have read and agreed to the published version of the manuscript.




Funding


This work was supported by the National Institutes of Health under the grants R25CA244073, U01CA164973, and T32CA229110.




Institutional Review Board Statement


The study was conducted in accordance with the Declaration of Helsinki, and approved by the Institutional Review Board of University of Hawaiʻi and University of Southern California (protocol code CHS 9575 and current date of approval, 5 April 2023).




Informed Consent Statement


Subjects entered the Cohort in 1993–1996 by responding to a mailed questionnaire. A cover letter explained the purpose of the study, and voluntary return of the mailed questionnaire was accepted as consent to be in the study by the IRBs of UH and USC.




Data Availability Statement


The data and statistical analysis codes used in this manuscript may be available upon request pending application and approval.




Conflicts of Interest


The authors declare no conflicts of interest.




References


	



Deng, Y.; Li, H.; Wang, M.; Li, N.; Tian, T.; Wu, Y.; Xu, P.; Zhou, L.; Zhai, Z.; Zhou, L.; et al. Global Burden of Thyroid Cancer From 1990 to 2017. JAMA Netw. Open 2020, 3, e208759. [Google Scholar] [CrossRef] [PubMed]

	



Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA A Cancer J. Clin. 2021, 71, 209–249. [Google Scholar] [CrossRef] [PubMed]

	



Cancer of the Thyroid—Cancer Stat Facts. SEER. Available online: https://seer.cancer.gov/statfacts/html/thyro.html (accessed on 12 November 2020).

	



Weeks, K.S.; Kahl, A.R.; Lynch, C.F.; Charlton, M.E. Racial/Ethnic Differences in Thyroid Cancer Incidence in the United States, 2007–2014. Cancer 2018, 124, 1483–1491. [Google Scholar] [CrossRef] [PubMed]

	



Megwalu, U.C.; Osazuwa-Peters, N.; Moon, P.; Palaniappan, L.P. Thyroid Cancer Incidence Trends among Filipinos in the United States. Laryngoscope 2022, 132, 1495–1502. [Google Scholar] [CrossRef] [PubMed]

	



University of Hawai‘i Cancer Center. Cancer at a Glance 2014–2018, Hawai’i Tumor Registry; NCI: Honolulu, HI, USA, 2022.

	



Siegel, R.L.; Miller, K.D.; Wagle, N.S.; Jemal, A. Cancer Statistics, 2023. CA A Cancer J. Clin. 2023, 73, 17–48. [Google Scholar] [CrossRef] [PubMed]

	



Gilliland; Frank, D.; Hunt, W.C.; Morris, D.M.; Key, C.R. Prognostic Factors for Thyroid Carcinoma. Cancer 1997, 79, 564–573. [Google Scholar] [CrossRef]

	



Kolonel, L.N.; Henderson, B.E.; Hankin, J.H.; Nomura, A.M.Y.; Wilkens, L.R.; Pike, M.C.; Stram, D.O.; Monroe, K.R.; Earle, M.E.; Nagamine, F.S. A Multiethnic Cohort in Hawaii and Los Angeles: Baseline Characteristics. Am. J. Epidemiol. 2000, 151, 346–357. [Google Scholar] [CrossRef] [PubMed]

	



Summary Staging Manual—2018. SEER. Available online: https://seer.cancer.gov/tools/ssm/index.html (accessed on 25 April 2022).

	



Gomez, S.L.; Hurley, S.; Canchola, A.J.; Keegan, T.H.M.; Cheng, I.; Murphy, J.D.; Clarke, C.A.; Glaser, S.L.; Martínez, M.E. Effects of Marital Status and Economic Resources on Survival after Cancer: A Population-Based Study. Cancer 2016, 122, 1618–1625. [Google Scholar] [CrossRef] [PubMed]

	



Conroy, S.M.; Clarke, C.A.; Yang, J.; Shariff-Marco, S.; Shvetsov, Y.B.; Park, S.-Y.; Albright, C.L.; Hertz, A.; Monroe, K.R.; Kolonel, L.N.; et al. Contextual Impact of Neighborhood Obesogenic Factors on Postmenopausal Breast Cancer: The Multiethnic Cohort. Cancer Epidemiol. Biomark. Prev. 2017, 26, 480–489. [Google Scholar] [CrossRef] [PubMed]

	



Jonklaas, J.; Nogueras-Gonzalez, G.; Munsell, M.; Litofsky, D.; Ain, K.B.; Bigos, S.T.; Brierley, J.D.; Cooper, D.S.; Haugen, B.R.; Ladenson, P.W.; et al. The Impact of Age and Gender on Papillary Thyroid Cancer Survival. J. Clin. Endocrinol. Metab. 2012, 97, E878–E887. [Google Scholar] [CrossRef] [PubMed]

	



Yu, G.-P.; Li, J.C.-L.; Branovan, D.; McCormick, S.; Schantz, S.P. Thyroid Cancer Incidence and Survival in the National Cancer Institute Surveillance, Epidemiology, and End Results Race/Ethnicity Groups. Thyroid 2010, 20, 465–473. [Google Scholar] [CrossRef] [PubMed]

	



Megwalu, U.C.; Ma, Y.; Osazuwa-Peters, N.; Orloff, L.A. Clinical Presentation and Survival Outcomes of Well-Differentiated Thyroid Cancer in Filipinos. Cancer Med. 2021, 10, 5964–5973. [Google Scholar] [CrossRef] [PubMed]

	



University of Hawai‘i Cancer Center. Cancer at a Glance 2009–2013, Hawai’i Tumor Registry; NCI: Honolulu, HI, USA, 2022.

	



Banerjee; Mousumi; Muenz, D.G.; Worden, F.P.; Wong, S.L.; Haymart, M.R. Conditional Survival in Patients with Thyroid Cancer. Thyroid 2014, 24, 1784–1789. [Google Scholar] [CrossRef] [PubMed]

	



Li, P.; Ding, Y.; Liu, M.; Wang, W.; Li, X. Sex Disparities in Thyroid Cancer: A SEER Population Study. Gland. Surg. 2021, 10, 3200–3210. [Google Scholar] [CrossRef] [PubMed]

	



Goodman, M.T.; Yoshizawa, C.N.; Kolonel, L.N. Descriptive Epidemiology of Thyroid Cancer in Hawaii. Cancer 1988, 61, 1272–1281. [Google Scholar] [CrossRef] [PubMed]

	



Men Are Likelier to Die Each Year than Women. Black Men Have the Highest Mortality Rates. USAFacts. Available online: https://usafacts.org/articles/men-die-more-often-than-women-black-men-are-the-hardest-hit/ (accessed on 18 October 2022).

	



2022 Cancer Facts & Figures Cancer for African American/Black People|More Black Women Die from Breast Cancer Than Any Other Cancer. Available online: https://www.cancer.org/latest-news/facts-and-figures-african-american-black-people-2022-2024.html (accessed on 23 September 2022).

	



Benjamins, M.R.; Silva, A.; Saiyed, N.S.; De Maio, F.G. Comparison of All-Cause Mortality Rates and Inequities Between Black and White Populations Across the 30 Most Populous US Cities. JAMA Network Open 2021, 4, e2032086. [Google Scholar] [CrossRef] [PubMed]

	



Siegel, R.L.; Miller, K.D.; Fuchs, H.E.; Jemal, A. Cancer Statistics, 2022. CA A Cancer J. Clin. 2022, 72, 7–33. [Google Scholar] [CrossRef] [PubMed]

	



Hawai’i Cancer at a Glance, 2012–2016, Hawai’i Tumor Registry. Available online: https://uhcancercenter.org/about-us/newsroom/624-hawaii-tumor-registry-releases-hawaii-cancer-at-a-glance-2012-2016 (accessed on 3 December 2022).

	



Institute of Medicine (US) Committee on Cancer Research among Minorities and the Medically Underserved; Haynes, M.A.; Smedley, B.D. The Burden of Cancer Among Ethnic Minorities and Medically Underserved Populations. The Unequal Burden of Cancer: An Assessment of NIH Research and Programs for Ethnic Minorities and the Medically Underserved; National Academies Press: Washington, DC, USA, 1999. Available online: https://www.ncbi.nlm.nih.gov/books/NBK1788/ (accessed on 3 December 2022).








[image: Ijerph 21 00324 g001] 





Figure 1. Minimally adjusted survival curves for all-cause mortality among thyroid cancer cases by sex in the Multiethnic Cohort study 1993–2017. (p < 0.0001) Green curve = male (1); Red curve = female (2). 
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Figure 2. Minimally adjusted survival curves for all-cause mortality among thyroid cancer cases by race and ethnicity in the Multiethnic Cohort study 1993–2017. (p = 0.008) B = African American, F = Filipino, H = Native Hawaiian, J = Japanese American, L = Latino, O = Other, W = White. 
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Figure 3. Fully adjusted survival curves for all-cause mortality among thyroid cancer cases by sex in the Multiethnic Cohort study 1993–2017. (p < 0.001) Green curve = male (1); Red curve = female (2). 
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Figure 4. Fully adjusted survival curves for all-cause mortality among thyroid cancer cases by race and ethnicity in the Multiethnic Cohort study 1993–2017. Adjusted for the age of diagnosis, race and ethnicity, sex, BMI, alcohol, smoking, therapy, stage, and nSES. (p < 0.001) B = African American, F = Filipino, H = Native Hawaiian, J = Japanese American, L = Latino, O = Other, W = White. 
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Table 1. Characteristics of thyroid cancer cases overall and by race and ethnicity in the Multiethnic Cohort study 1993–2017 a.
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	Total
	African

American
	Filipino
	Native

Hawaiian
	Japanese

American
	Latino
	White
	p b





	Cases, n (%)
	605
	73
	54
	68
	136
	156
	106
	



	   Men
	168 (27.8)
	12 (16.4)
	17 (31.5)
	24 (35.3)
	38 (27.9)
	32 (20.5)
	45 (42.5)
	



	   Women
	437 (72.2)
	61 (83.6)
	37 (68.5)
	44 (64.7)
	98 (72.1)
	124 (79.5)
	61 (57.6)
	



	Deaths, n (%)
	
	
	
	
	
	
	
	



	   All causes
	250
	41 (56.2)
	24 (44.4)
	32 (47.1)
	49 (36.0)
	61 (39.1)
	38 (35.9)
	



	   Thyroid cancer
	63
	11 (15.1)
	4 (7.4)
	5 (7.4)
	14 (10.3)
	22 (14.1)
	7 (6.6)
	



	Age of diagnosis, mean (SD)
	69.5 (9.3)
	72.0 (9.4)
	68.7 (8.6)
	66.5 (9.2)
	69.3 (10.3)
	70.2 (8.9)
	68.8 (8.4)
	0.01



	Years from diagnosis to death, mean (SD)
	22.1 (5.9)
	22.1 (6.1)
	20.7 (7.0)
	21.3 (6.2)
	22.7 (5.5)
	22.2 (6.0)
	22.5 (5.3)
	0.40



	BMI, n (%)
	
	
	
	
	
	
	
	<0.001



	   <25 kg/m2
	234 (38.7)
	13 (17.8)
	31 (57.4)
	21 (30.9)
	88 (64.7)
	34 (21.8)
	41 (38.7)
	



	   25–29.9 kg/m2
	244 (40.3)
	38 (52.1)
	16 (29.6)
	18 (26.5)
	37 (27.2)
	86 (55.1)
	45 (42.5)
	



	   ≥30 kg/m2
	125 (20.7)
	21 (28.8)
	7 (13.0)
	29 (42.7)
	11 (8.1)
	35 (22.4)
	20 (18.9)
	



	   Missing
	2 (0.3)
	1 (1.4)
	-
	-
	-
	1 (0.6)
	-
	



	Smoking status, n (%)
	
	
	
	
	
	
	
	<0.001



	   Never
	318 (52.6)
	30 (41.1)
	35 (64.8)
	26 (38.2)
	79 (58.1)
	94 (60.3)
	46 (43.8)
	



	   Former
	205 (33.9)
	28 (38.6)
	11 (20.4)
	22 (32.4)
	45 (33.1)
	50 (32.1)
	47 (44.8)
	



	   Current
	72 (11.9)
	14 (19.2)
	6 (11.1)
	19 (27.9)
	11 (8.1)
	8 (5.1)
	12 (11.4)
	



	   Missing
	10 (1.7)
	1 (1.4)
	2 (3.7)
	1 (1.5)
	1 (0.7)
	4 (2.6)
	1 (0.9)
	



	Alcohol, g/day, mean (SD)
	4.2 (15.3)
	2.4 (6.8)
	2.6 (7.3)
	5.7 (17.7)
	4.1 (18.3)
	2.5 (6.5)
	7.3 (22.5)
	0.16



	nSES, n (%)
	
	
	
	
	
	
	
	<0.001



	   Low (1–3)
	307 (50.7)
	53 (72.6)
	46 (85.2)
	45 (66.2)
	57 (41.9)
	120 (76.9)
	44 (41.5)
	



	   High (4–5)
	230 (38.0)
	20 (27.4)
	8 (14.8)
	23 (33.8)
	79 (58.1)
	36 (23.1)
	62 (58.5)
	



	Stage, n (%)
	
	
	
	
	
	
	
	0.01



	   Localized
	347 (57.8)
	46 (63.9)
	23 (42.6)
	45 (66.2)
	71 (52.2)
	86 (55.5)
	67 (63.2)
	



	   Regional
	180 (29.9)
	11 (15.3)
	20 (37.0)
	16 (23.5)
	56 (41.2)
	45 (29.0)
	29 (27.4)
	



	   Distant
	60 (10.0)
	11 (15.3)
	8 (14.8)
	5 (7.4)
	8 (5.9)
	21 (13.6)
	7 (6.6)
	



	   Unknown
	16 (2.7)
	4 (5.6)
	3 (5.6)
	2 (2.9)
	1 (0.7)
	3 (1.9)
	3 (2.8)
	



	   Missing
	2 (0.3)
	1 (1.4)
	-
	-
	-
	1 (0.6)
	
	



	Tumor size, n (%)
	
	
	
	
	
	
	
	



	   Unknown
	71 (11.7)
	12 (16.4)
	7 (13.0)
	8 (11.8)
	11 (8.1)
	25 (16.0)
	8 (7.6)
	



	   ≤1 cm
	181 (29.9)
	21 (28.8)
	15 (27.8)
	23 (33.8)
	36 (26.5)
	46 (29.5)
	37 (34.9)
	



	   >1 cm
	353 (58.4)
	40 (54.8)
	32 (59.3)
	37 (54.4)
	89 (65.4)
	85 (54.5)
	61 (57.6)
	



	Treatment, n (%)
	
	
	
	
	
	
	
	0.20



	   Surgery
	540 (89.3)
	64 (87.7)
	46 (85.2)
	57 (83.8)
	123 (90.4)
	146 (93.6)
	92 (86.8)
	0.07



	   Thyroid hormone
	260 (43.0)
	24 (32.9)
	28 (51.9)
	31 (45.6)
	70 (51.5)
	53 (34.0)
	49 (46.2)
	0.02



	   Radiation
	320 (52.9)
	27 (37.0)
	36 (66.7)
	29 (42.7)
	89 (65.4)
	76 (48.7)
	57 (53.8)
	0.003



	Pathology, n (%)
	
	
	
	
	
	
	
	0.13



	   Papillary c
	499 (82.5)
	49 (67.1)
	43 (79.6)
	55 (80.9)
	123 (90.4)
	133 (85.3)
	85 (80.2)
	



	   Follicular
	67 (11.1)
	16 (21.9)
	7 (13.0)
	10 (14.7)
	8 (5.9)
	13 (8.3)
	12 (11.3)
	



	   Medullary
	6 (1.0)
	1 (1.4)
	0 (0)
	1 (1.5)
	0 (0)
	3 (1.9)
	1 (0.9)
	



	   Anaplastic
	17 (2.8)
	3 (4.1)
	1 (1.9)
	0 (0.0)
	3 (2.2)
	4 (2.6)
	6 (5.7)
	



	   Other
	16 (2.6)
	4 (5.5)
	3 (5.7)
	2 (2.9)
	2 (1.5)
	3 (1.9)
	2 (1.9)
	







a Other racial and ethnic group not presented in table due to low numbers, they were included in the total; b χ2 test for independence for categorical variables and ANOVA for continuous variables comparing racial and ethnic groups; c papillary and mixed papillary follicular.













 





Table 2. Relative risk of death by sex and race and ethnicity and 5- and 10-year survival among thyroid cancer cases in the Multiethnic Cohort study 1993–2017.
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	Men
	Women
	African

American
	Filipino
	Native

Hawaiian
	Japanese

American
	Latino
	White
	p d





	Minimally adjusted a
	
	
	
	
	
	
	
	
	0.08



	5-year survival, %
	68.7
	84.4
	73.3
	75.9
	72.1
	83.7
	81.1
	82.7
	



	10-year survival, %
	52.0
	73.2
	58.5
	61.9
	57.0
	72.7
	68.9
	71.2
	



	HR (95% CI)
	2.28

(1.72, 3.01) *
	Ref
	1.83

(1.18, 2.83) *
	1.81

(1.08, 3.04) *
	1.95

(1.20, 3.17) *
	Ref
	1.29

(0.87, 1.91)
	1.21

(0.78, 1.88)
	



	Median survival time
	10.2
	17.4
	12.1
	12.9
	11.8
	17.4
	15.2
	16.2
	



	Intermediate b
	
	
	
	
	
	
	
	
	0.37



	5-year survival, %
	68.7
	85.0
	74.7
	76.5
	73.4
	85.0
	82.0
	83.0
	



	10-year survival, %
	52.0
	74.0
	59.6
	62.3
	57.8
	74.2
	69.8
	71.0
	



	HR (95% CI)
	2.04

(1.53, 2.71) *
	Ref
	1.90

(1.19, 3.04) *
	1.56

(0.91, 2.67)
	2.46

(1.48, 4.11) *
	Ref
	1.25

(0.83, 1.88)
	1.44

(0.92, 2.27)
	



	Median survival time
	10.8
	13.0
	13.6
	11.3
	12.5
	10.9
	10.9
	11.6
	



	Fully adjusted c
	
	
	
	
	
	
	
	
	0.04



	5-year survival, %
	69.5
	84.7
	78.2
	76.8
	78.5
	82.0
	80.8
	82.9
	



	10-year survival, %
	52.3
	72.9
	63.8
	62.5
	64.2
	69.6
	67.7
	70.6
	



	HR (95% CI)
	2.27

(1.64, 3.15) *
	Ref
	1.53

(0.91, 2.59)
	1.24

(0.70, 2.20)
	1.77

(1.01, 3.10) *
	Ref
	0.98

(0.62, 1.56)
	1.12

(0.69, 1.83)
	



	Median survival time
	8.7
	17.5
	11.3
	13.0
	11.6
	11.9
	10.8
	10.9
	







* Statistically significant. a Derived from a Cox regression model with the age at diagnosis, race and ethnicity, and sex. b Additionally adjusted for stage (localized, regional, and distant) as a strata variable. c Additionally adjusted for treatment, BMI (≤25 kg/m2, 25–29.9 kg/m2, ≥30 kg/m2), smoking status (former, never, current), alcohol intake (grams/day), and nSES. d p value for the global Wald test for race and ethnicity.













 





Table 3. Risk of death comparing thyroid cancer cases compared to matched controls.
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	TC Cases
	HR (95% CI) a
	HR (95% CI) b
	HR (95% CI) c





	All
	605
	1.04 (0.91, 1.19)
	1.01 (0.87, 1.17)
	1.01 (0.87, 1.17)



	Sex
	
	
	
	



	Men
	168
	1.35 (1.08, 1.69) *
	1.39 (1.11, 1.73) *
	1.39 (1.11, 1.74) *



	Women
	437
	0.92 (0.78, 1.09)
	0.94 (0.79, 1.11)
	0.93 (0.79, 1.10)



	Race and ethnicity
	
	
	
	



	African American
	73
	0.94 (0.67, 1.31)
	0.94 (0.67, 1.32)
	0.95 (0.68, 1.33)



	Filipino
	54
	1.59 (1.02, 2.48) *
	1.62 (1.04, 2.53) *
	1.62 (1.04, 2.53) *



	Native Hawaiian
	68
	0.80 (0.53, 1.20)
	0.80 (0.55, 1.20)
	0.79 (0.52, 1.18)



	Japanese American
	136
	1.25 (0.93, 1.69)
	1.29 (0.96, 1.74)
	1.29 (0.95, 1.74)



	Latino
	156
	1.09 (0.83, 1.42)
	1.10 (0.84, 1.44)
	1.10 (0.84, 1.43)



	Other
	12
	0.82 (0.33, 1.99)
	0.77 (0.31, 1.88)
	0.77 (0.31, 1.88)



	White
	106
	0.93 (0.66, 1.32)
	0.97 (0.69, 1.38)
	0.98 (0.69, 1.39)







* Statistically significant. a Cox regression with matched set (age, sex, race and ethnicity) as strata. b Adjusted by Cox regression with matched set (age, sex, race and ethnicity) as strata and as covariates for BMI (≤25 kg/m2, 25–29.9 kg/m2, ≥30 kg/m2), smoking status (former, never, current), and alcohol intake (grams/day). c Adjusted by Cox regression with matched set (age, sex, race and ethnicity) as strata and as covariates for BMI (≤25 kg/m2, 25–29.9 kg/m2, ≥30 kg/m2), smoking status (former, never, current), alcohol intake (grams/day), and nSES.



















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2024 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).








Check ACS Ref Order





Check Foot Note Order





Check CrossRef













media/file4.png
Survivor Function Estimate
1

0.8 ~
0.6 -
0.4 -

0.3

-
-
-
-
=
-
-
—
-

T

T
0 10

| T

Follow up time in years

B=African, H=Hawaiian, J=Japanese, L=Latino, O=other, W=White, F=Filipino

B
—





nav.xhtml


  ijerph-21-00324


  
    		
      ijerph-21-00324
    


  




  





media/file2.png
Survival Probability
1.0

09 -
08 -
07 -

06 -

05 -
04 -

03-

02 -

0.1-

-4
—
-
-
-
-
-
—
-

I
0 10 20

Follow up time in years






media/file5.jpg
Surval Probabiliy
it}

09
08
o7
o6
05
o4

0

02

o

o © ES
Folow up trne inyears





media/file3.jpg
Sunvor Function Estimate
it}

08

o7

05

04






media/file9.png





media/file1.jpg
Suvial Provasily
1

03
o8
o7
o6
os
o4
0
02

o

© »
