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Editorial on the Research Topic 


Equity in cancer care


Different patient populations will experience different average outcomes from their cancer. This experience is not unique to any one nation or healthcare system but is seen worldwide and can result from population differences in economic factors, disease comorbidities, educational differences, and exposure to economic and political crises. Each of the manuscripts in this Research Topic represents an opportunity for improvement. After all, if we can see one group doing worse than another regarding cancer outcomes, it is relatively easy to imagine a solution that simply gives what the advantaged group has to those who lack it. In this Research Topic of Frontiers in Oncology dedicated to Equity in Cancer Care, we are presented with experiences worldwide that address these difficult problems. While seeing a solution may be easy, finding the resources to correct them is often where the challenge lies.

Sometimes the solution is simply to improve health literacy among women to improve rates of screening mammography (Poon et al.). But such interventions may be difficult to implement across populations where local effects of neighborhoods create heterogeneity in the population that call for unique approaches that may need to vary from block to block (Layne et al.). A better approach may be to alter the criteria for screening in the first place, to ensure that the indications for screening do not leave out minority groups (Olazagasti et al.). Meanwhile, segregation of populations can impact other health behaviors besides screening and ending such segregation may be a potential solution (Pichardo et al.), as targeted interventions aimed at minority populations have been notoriously difficult to conduct (Pichardo et al.). Simple solutions, such as making screening easier on patients, by covering sedation along with screening colonoscopy for example, may go a long way to improving screening rates among the poor (Zhuo et al.).

Other solutions may need to be rooted in biological differences between groups. A comorbidity such as diabetes and all its impacts on cancer care is not evenly distributed in patient populations and might make care for some groups inferior (Ashing et al.), though another study in this Research Topic found that for small cell lung cancer at least, those effects did not lead to inferior outcomes in minority populations at higher risk for diabetes (Olateju et al.). Cardiac disease is also unevenly distributed as a comorbidity in cancer patients and optimal outcomes for cancer will not be achieved if this disparity is not addressed (Patel et al.).

Biology matters. The cancer itself may also have different biology and there is much we can learn from studying differences among ethnic groups. Of course, if our cell lines come from only one segment of the population, we are missing a tremendous opportunity to have laboratory models that apply to the whole population of affected patients (Leon et al.). Cancer mediators such as miRNAs are differentially expressed among different ethnic groups and their study can offer insights into biology of neoplasia (Gobin et al.). The same can be said of genomic, epigenomic and transcriptomic signatures (Stevens et al.).

Sadly, regional, and national economic and political factors make the outcome of cancer worse. We have seen worsening of breast cancer mortality in South Africa despite the end of apartheid even as much of the rest of the world sees improvement (Olorunfemi et al.). In Lebanon, economic and policy factors have created an environment of drug shortages that have been devastating for cancer patients (Kattan and Kattan). Greater wisdom among leaders is badly needed and sometimes is in short supply. I hope that the insights from the excellent authors in this journal bring much wisdom to the readers and working together, we can make cancer outcomes better for everyone, starting with those who need it most.
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Lung cancer (LC) is the leading cause of cancer death among Hispanic men. We assessed the tendencies for screening eligibility amongst Hispanic prior to LC diagnosis according to the NCCN and The USPSTF guidelines available at the time of diagnosis. We conducted an observational study in patients diagnosed with LC from 2016 to 2019. Charts were reviewed to assess their screening eligibility prior to LC. The chi-square test was used to examine the association between race and ethnicity with each screening criteria. A total of 530 subjects were reviewed, of which 432 were included in the analysis. One hundred fifty-three and 245 subjects were ineligible for screening under NCCN and USPSTF criteria prior to their LC diagnosis. Twenty-eight of the subjects who did not fulfill NCCN criteria identified as AA and 12 as Hispanics. Forty and 20 of the USPSTF screening ineligible subjects identified as AA and Hispanics. There was a significant association between screening eligibility criteria in Hispanics, with 52% Hispanic subjects meeting NCCN criteria compared to only 20% who met USPSTF (p=0.0184). There was also a significant association between ethnicity and USPSTF eligibility criteria (p=0.0166), as 80% of Hispanic subjects were screening ineligible under USPSTF criteria compared to 56% of non-Hispanic or other. In our study, Hispanics had significantly lower tendencies of meeting the USPSTF LC screening eligibility criteria than non-Hispanics or other. Interestingly, a proportionally higher number of Hispanics who were ineligible under USPSTF criteria met NCCN criteria. These findings suggest that leniency in the screening criteria can possibly lead to earlier detection of LC in high-risk individuals. Recently, USPSTF has modified their criteria which may benefit more of these individuals. To improve rates of screening and overall mortality of minorities, organizations should continue to re-evaluate and liberalize their screening guidelines.
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Introduction

Lung cancer is the leading cause of cancer-related death worldwide, accounting for almost 25% of all cancer deaths (1). The five-year overall survival for lung cancer remains less than 20% (2). Its incidence and mortality rate are even more pronounced within certain subgroups, where racial disparities are particularly predominant (1). African Americans have the highest rates of LC mortality in the United States and the second-highest LC incidence. African Americans are also more likely to develop LC at an earlier age and present with advanced-stage disease (3). While the incidence is not as high amongst Hispanics, LC is the leading cause of mortality in Hispanic men and the second-leading cause of cancer mortality in Hispanic women. The survival rates for Hispanics are lower than those for Non-Hispanic Whites (NHW), mainly due to lower rates of early diagnosis and screening. Compared to non-Hispanic Whites, Hispanics have higher rates of being diagnosed at advanced stages of lung cancer, discarding their candidacy for surgical resection and curative intent (4).

In the last two decades, two landmark prospective randomized-controlled studies – the National Lung Screening Trial (NLST) and the Dutch–Belgian Lung Cancer Screening Trial (NELSON) – demonstrated that screening with annual low-dose computed tomography (LDCT) reduces lung cancer mortality among high-risk individuals (5, 6). On the other hand, the Multicentric Italian Lung Detection (MILD) trial assessed the mortality rates from lung cancer by comparing annual and biannual screening with LDCT. However, the study revealed a similar overall mortality between both arms (7). Organizations such as the National Comprehensive Cancer Network (NCCN) and U.S. Preventative Services Task Force (USPSTF) extrapolated the findings of the aforementioned trials to create lung cancer screening guidelines in 2011 and 2013, respectively, recommending annual LDCT among high-risk adults. The NCCN11 classified high-risk patients as those ages 55-74 with ≥ 30 pack-year history of smoking with <15 years since smoking cessation; or ≥20 pack-year history of smoking, and additional risk factors that increase the risk of lung cancer to >1.3%, which include: family history of lung cancer, personal history of other malignancy, history of COPD or pulmonary fibrosis, radon exposure, occupational exposure, and/or second hand-smoking exposure (8). The USPSTF13, on the other hand, recommended annual screening for lung cancer in adults aged 55-80 years with ≥ 30 pack-year smoking history, current smokers or those that had quit within 15 years (8, 9) Unfortunately, however, subsequent analysis found that certain minority populations were underrepresented in these trials. The participants in the NLST were predominantly white (95%), and only 1.8% of the participants were Hispanics – likely leading to some of the racial and ethnic disparities in lung cancer screening that we see today (5).

Many studies have published data citing lower rates of screening eligibility and low dose CT implementation in the African American population. There was a secondary analysis of the NLST that demonstrated an even greater reduction in lung cancer and all-cause mortality in African Americans compared to White, despite low participation (4.4% black vs 90.9% white) (10). Additionally, African Americans have been shown to have lower lung cancer screening eligibility rates despite having greater incidences of lung cancer (11, 12). Regretfully, the efforts have focused mainly on this minority group and limited data exists understanding the eligibility patterns and screening uptake in the Hispanic population. In efforts to understand the patterns and the factors that contribute to these inequities, we conducted a secondary analysis of an observational study (13) to evaluate the tendencies for screening eligibility among the Hispanics population prior to their lung cancer diagnosis. To our knowledge, no previous studies have been published that highlight a potential for missed opportunities in high-risk, underserved groups such as the Hispanic populations that are eventually diagnosed with lung cancer.



Methods


Study description

We conducted a secondary analysis from a single-center observational study in an outpatient Academic Center that originally sought to retrospectively assess the rates of lung cancer screening uptake in subjects with lung cancer, prior to their diagnosis The study protocol was reviewed by institutional review board and the need for approval was waived by Northwell Health Institutional Review Board (IRB #190580)We reviewed the charts of consecutive patients with an established diagnosis of LC at the Northwell Health Cancer Institute between 2016 and 2019. Charts were reviewed for demographics, detailed smoking history at the time or prior to screening, family history, history of previous malignancy, radon exposure, occupational exposure and/or second hand-smoking exposure to assess lung cancer screening eligibility prior to the diagnosis of lung cancer.

In this ad-hoc analysis, we aimed to assess the patterns of lung cancer screening eligibility according to NCCN11 and/or USPSTF13 criteria in patients prior to their diagnosis of cancer. Our primary endpoint was to compare the NCCN11 and USPSTF13 rates of screening eligibility according to race and ethnicity. We also sought to understand potential disparities in LDCT uptake according to sex, race, and ethnicity.



Statistical methods

Subjects were considered to have fulfilled LC screening criteria if they met eligibility according to NCCN11 and/or USPSTF13 LC screening guidelines. Those who did not meet either of the criteria were considered screening ineligible. Subjects who had missing information that was required for determining eligibility for either or both criteria were not categorized and excluded from analysis. All analyses were carried out separately for each screening criteria (NCCN11 and USPSTF13). The association between each categorical demographic and clinical factor and referred for screening (yes/no) was examined using the chi-square test or Fisher’s exact test. The association between screening eligibility with race and ethnicity was examined using the chi- square.




Results

Charts of 530 subjects were reviewed, of whom 432 were current or former smokers and 98 had no history of smoking. Baseline characteristics are shown in Table 1.


Table 1 | Baseline characteristics and characteristics at diagnosis.



Out of the patients with a smoking history, 55% were male and 45% female. White was the most prevalent race, with 68.5% participants self-identifying as White, whereas 15.1%, 10.4% and 6.0% self-identified as AA, other, and Asian. In terms of ethnicity, up to 91% of participants identified as Non-Hispanic, 5.8% identified as Hispanic, and 3.2% as other. English was the primary language for 93% of participants.


Screening eligibility

Table 2 depicts the Screening criteria eligibility per race and ethnicity. A total of 245 of participants with a history of smoking were ineligible for lung cancer screening according to NCCN11 prior to their lung cancer diagnosis. When assessing the relationship between NCCN11 eligibility and race, 43% of the self-identified African American subjects and 34% of Whites, Asian, or other subjects were ineligible for lung cancer screening per NCCN11 criteria (p=0.206). When comparing NCCN11 eligibility and ethnicity, 48% of the self-identified Hispanic subjects and 35% of non-Hispanicsor others did not fulfill NCCN11 eligibility criteria (p=0.201).


Table 2 | Screening criteria eligibility per race and ethnicity.



Out of the patients with a smoking history, 153 did not fulfill USPSTF13 eligibility criteria prior to their diagnosis of lung cancer. When assessing the relationship between USPSTF13 eligibility and race, 62% of the self-identified African American subjects and 56% of Whites, Asian, or other did not fulfill USPSTF13 eligibility criteria (p=0.496). When comparing USPSTF13 eligibility and ethnicity, 80% of the self-identified Hispanic subjects were ineligible for screening, compared to 56% of non-Hispanics or others (p=0.017).

There was a significant association between screening eligibility criteria (NCCN11 and USPSTF13) in Hispanics, where 52% of HispanicX subjects were eligible according to NCCN11 criteria compared to only 20% Hispanics who fulfilled USPSTF13 eligibility criteria (chi-square 5.555; p=0.0184).



Screening uptake

As published in our original study (13), only 4.0% and 4.8% of the subjects that fulfilled NCCN and USPSTF eligibility criteria, respectively, underwent LDCT (95% exact CI: 2.0, 7.0 and 2.2, 9.0). Ninety one percent of the subjects that had LDCT uptake in the NCCN eligible group were men (Figure 1). Similarly, 100% of the subjects that underwent screening in the USPSTF eligible group were men (Figure 1). Of the NCCN eligible individuals that underwent screening, 54.5% self-identified as White, 18.2% as African American, 18.2% as Asian, and 9.1% as other (Figure 2). None of the subjects that had LDCT in this group self-identified their ethnicity as Hispanic (Figure 3). Comparably, in the USPSTF eligible group that underwent LDCT, 55.6% of the subjects self-identified as White, whereas 11.1% identified as African American, 22.2% as Asian, and 11.1% other (Figure 2). No subjects self-identified as Hispanic (Figure 3). An association between screening and age, gender, race, and ethnicity could not be evaluated due to the low sample size of individuals that underwent LDCT screening.




Figure 1 | Sex of eligible subjects that underwent LDCT.






Figure 2 | Race of eligible subjects that underwent LDCT.






Figure 3 | Ethnicity of eligible subjects that underwent LDCT.



For additional information regarding screening according to smoking status and staging at diagnosis, please refer to original study (13).




Discussion

Vast literature exists to support the disparities in lung cancer screening eligibility and implementation in the African American population (11, 14, 15). However, to our knowledge, our study is the first one to evaluate the rates of screening eligibility according to race and ethnicity amongst the different criteria, set forth by the NCCN11 and USPSTF13. Contrary to other studies which analyzed subjects eligible for screening, our cohort of patients was individuals with lung cancer that were retrospectively assessed for NCCN11 and USPSTF13 lung cancer screening eligibility and LDCT uptake prior to their diagnosis of lung cancer. We found significantly lower rates of USPSTF13 eligibility for Hispanics compared to non-Hispanic or others. Our study suggested that the differences in the screening criteria between NCCN11 and USPSTF13 influenced eligibility amongst Hispanics, who were noted to have higher tendencies to fulfill NCCN11 than USPSTF13 criteria.

Evidence has suggested that underrepresented groups tend to have a higher risk of LC at a younger age and with less smoking exposure (16). Findings such as these provided the impetus for the latest changes in the screening guidelines, the most important of which decreased the age and pack-year requirements. In March of 2021, the USPSTF updated their lung cancer screening recommendations to include adults aged 50 (formerly 55) to 80 years who have a ≥20 (formerly 30) pack-year smoking history and currently smoke or have quit within the past 15 years (17). The 2020 guidelines set forth by the NCCN identify high-risk individuals as those aged 55-77 (formerly 74) with a ≥30 pack-year history of smoking who are current smokers or have quit within 15 years, or age ≥50 with a ≥20 pack-year history and one additional risk factor (9). In a recent study which retrospectively observed these changes in eligibility under the updated USPSTF guidelines, the proportion eligible for screening among current and former smokers increased by 76.7% for African American and 78.1% for Hispanic populations. However, compared with white individuals, African American and Hispanic individuals still had lower odds of eligibility (18). Clearly, even with updated guidelines, disparities exist in LC screening among underrepresented populations. Another cross-sectional retrospective survey study evaluated the association between race and ethnicity and lung cancer screening eligibility in subjects from 20 states. The rates for screening eligibility increased from 12%, 4%, and 7% to 15%, 5%, and 9% in White, Hispanic, and African Americans, respectively, under the new screening guidelines. Nevertheless, African American (p<0.001) and Hispanic (p<0.001) respondents were still less likely to fulfill lung cancer screening eligibility than Whites. Additionally, the study found no statistical association in the rates of screening eligibility for racial and ethnic minorities under the revised USPSTF21 guidelines (p=0.76) (19). Lastly, one study evaluated whether the updated USPSTF21 lung cancer screening recommendations would ameliorate racial disparities in screening eligibility. It found that although the revised guidelines increased the eligibility of minorities compared to the USPSTF13 guidelines, racial and ethnic disparities may inadvertently increase (20).

While this study primarily focused on screening eligibility of Hispanic patients, a retrospective objective analysis of the data from our previous study revealed potential disparities in screening implementation and LDCT uptake according to sex, race, and ethnicity. Despite 52% and 20% of the self-identified Hispanic subjects with lung cancer in our study being eligible under NCCN and USPSTF criteria, respectively, none underwent screening prior to their diagnosis of lung cancer. Additionally, White and male subjects had higher rates of screening uptake. While, liberalizing and loosening the lung cancer screening guidelines is the first step to increase the rates of screening eligibility for high-risk individuals, it comes at the risk of perpetuating pre-existing disparities that exist for underrepresented groups. Disparities in screening will continue to widen if factors including sex, race, and ethnicity are not taken into consideration. Additionally, assessing and weighing the individuals’ social determinants of health such as socioeconomic status, living environment, and health insurance to understand the risk of lung cancer and ability to undergo LDCT is of paramount importance to increase the rates of lung cancer screening and early diagnosis for all groups.

Despite sharing some common characteristics, one size does not fit all when it comes to sex, race, and ethnicities - and we must take into account the different risk factors and characteristics each group possesses in order to seek health equity for our most vulnerable populations. Possible ways to mitigate these disparities include making active efforts to improve inclusivity in clinical trials and continuing to revise and expand the inclusion criteria for LDCT, incorporating social determinants of health Ongoing prospective studies to understand how these factors affect the risk of lung cancer and create guidelines to integrate these will be of need to optimally close the gap in lung cancer screening disparities.
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Background

Adherence to the American Cancer Society (ACS) guidelines for cancer prevention is associated with a lower risk of cancer and mortality. The role of neighborhood segregation on adherence to the guidelines among Hispanic/Latino adults is relatively unexplored.



Materials and methods

The Hispanic Community Health Study/Study of Latinos is a community-based prospective cohort of 16,462 Hispanic/Latino adults, ages 18-74 years enrolled in 2008-2011 from the Bronx, Chicago, Miami and San Diego. Dimensions of neighborhood segregation were measured using 2010 United States’ census tracts:—evenness (the physical separation of a group), exposure (the propensity for contact between groups), and their joint effect (hypersegregation). ACS guideline adherence levels – low, moderate, high – were created from accelerometry-measured physical activity, dietary intake, alcohol intake, and body mass index. Weighted multinominal logistic regressions estimated relative risk ratios (RRR) and 95% confidence intervals (CI) for guideline adherence levels and its components.



Results

Hispanic/Latino adults were classified as low (13.7%), moderate (58.8%) or highly (27.5%) adherent to ACS guidelines. We found no evidence of an association between segregation and overall guideline adherence. Exposure segregation associated with lower likelihood of moderate adherence to alcohol recommendations (RRRmoderate vs. low:0.86, 95%CI:0.75-0.98) but higher likelihood for diet recommendations (RRRmoderate vs. low:1.07, 95%CI:1.01-1.14). Evenness segregation associated with lower likelihood of high adherence to the physical activity recommendations (RRRhigh vs. low:0.73, 95%CI:0.57-0.94). Hypersegregation was associated with individual guideline components.



Conclusion

We found evidence of a cross-sectional relationship between neighborhood segregation and ACS cancer prevention guideline components, but not with overall ACS guideline adherence.





Keywords: neighborhood segregation, obesity, diet, alcohol intake, physical activity, cancer prevention guidelines, Hispanic/Latino



Introduction

Prevalence of obesity, a disease identified in the etiology of at least 13 cancers and cancer sites (known as obesity-related cancers), remains high among U.S. Hispanic/Latino adults (1, 2). Adherence to the American Cancer Society (ACS) Guidelines on Nutrition and Physical Activity for Cancer Prevention (3, 4), which include maintaining a healthy weight throughout life, engaging in at least 150-300 minutes of moderate to vigorous physical activity every week, increasing intake of fruits, vegetables, whole grains, and reducing intake of red and processed meats, refined grains and alcohol, may reduce the risk of many obesity-related cancers (5, 6). Yet, adherence levels remain low among Hispanic/Latino adults (7, 8). For Hispanic/Latinos, the manifestation of structural racism—the intersection of low socioeconomic status and high race- and economic-based residential segregation—may contribute to poor energy balance and increase risk of developing obesity-related cancers (9–12), perpetuating cancer inequities (13).

The construct of structural racism is often operationalized as neighborhood racial-ethnic segregation and poverty; and evidence suggest that racial and ethnic segregation is particularly exacerbated by neighborhood poverty (14, 15). Segregation is formally measured using five dimensions as developed by Massey and Denton (16): evenness (the spatial distribution of a group), exposure (the propensity for contact between groups), clustering (groups of interest located in close proximity or neighboring areas), centralization (the extent to which a group resides in or near the center of an urban area), concentration (the relative amount of physical space a group occupies). High levels across more than one dimension is known as hypersegregation.

The literature on segregation using these formal, well-established measures of segregation among Hispanic/Latinos is limited. Systematic reviews of segregation and obesity (17) and segregation and cancer (18) note an overreliance of the literature on informal and non-valid, measures of segregation such as racial/ethnic density/composition, which does not reflect the distribution of racial and ethnic groups across space nor compares racial/ethnic composition between the neighborhood of interest to surrounding areas. The literature that incorporates formal segregation measures has predominantly focused on only the exposure dimension—measured by the isolation index—and its link to obesity (19–25). While majority of studies do not distinguish ‘segregation’ from ‘ethnic enclave’ methologically; conceptually the literature attempts to identify ‘ethnic enclave’ as a health promoting factor linked to social capital. Herein, we operationalize and conceptualize segregation in the context of health disparities according to White and Borrell; and we consider only segregation measures developed by Massey and Denton as ‘formal’ and other measures as ‘informal’ (26).

Regardless of the segregation measure used, studies have shown that neighborhoods with high Hispanic/Latino segregation (i.e., commonly referred to as ethnic enclave) have more obesogenic features (e.g., reduced opportunities and infrastructures for physical activity, lack of safety, low walkability, and fewer recreational resources) (27–31) and lower access to markets or stores with affordable healthy foods (30, 32), and fresh fruits and vegetables (33). These features in turn may increase risk of obesity (12, 34) among the population.

Beyond obesity, few segregation studies have examined other lifestyle behaviors related to cancer [e.g, diet quality, physical activity, and alcohol intake (33, 35)]. Moreover, none have examined segregation in relation to overall lifestyle patterns. Hispanic/Latino adults residing in segregated areas (i.e., ethnic enclaves) may have fewer opportunities to engage in the full range of healthful behaviors to prevent cancer, in concordance with ACS guidelines.

To better understand the potential mechanisms that contribute to poor energy balance and ultimately, cancer health inequities seen for Hispanic/Latino communities, we examined cross-sectional associations between neighborhood segregation and adherence to the ACS lifestyle guidelines in the Hispanic Community Health Study/Study of Latinos (HCHS/SOL).



Materials and methods


Study population

The HCHS/SOL is a longitudinal community-based cohort study that recruited between 2008 and 2011 (36). A total of 16,415 non-institutionalized Hispanic/Latino adults (aged 18–74 years) were enrolled in Miami, FL; San Diego, CA; Chicago, IL; and the Bronx, NY from areas with high concentrations of Hispanic/Latino residents and low residential mobility to maximize retention rates (36). Participants self-identified heritage as Cuban (n = 2,348), Puerto Rican (n = 2,728), Dominican (n = 1,473), Mexican (n = 6,472), Central American, (n = 1,732), and South American (n = 1,702). At baseline, participants completed questionnaires with trained bilingual interviewers to assess lifestyle, anthropometric, and sociodemographic characteristics. Baseline home addresses were geocoded at the census tract and linked to 2010 U.S. Census tract neighborhood indicators from the IPUMS National Historical Geographic Information System (NHGIS) (37).



Neighborhood segregation: Formal measures

For our primary analysis, neighborhood segregation was examined using two formal dimensions—evenness and exposure—using 2010 decennial census tract data at the State level (16, 38, 39). The joint effect of evenness and exposure captured hypersegregation. We measured evenness segregation through Gini coefficient of Hispanic/Latino (Figure 1) (16, 38). The Gini coefficient measures the variability of Hispanic/Latino residents within the census tract, ranging from 0 to 1 (i.e., with 1 indicating greater segregation). We measured exposure segregation through the isolation index (Figure 2) (39). The isolation index ranges from 0 to 1 with higher values suggesting increased probability of interacting with a Hispanic/Latino resident (i.e., greater isolation/segregation). Census-tract level segregation values were calculated based on ethnicity proportions at the block-level according to previous methods (16).




Figure 1 | Evenness segregation of Hispanic/Latino census tracts, measured by the Gini index for each study site in the Hispanic Health Community Study/Study of Latinos.






Figure 2 | Exposure segregation of Hispanic/Latino census tracts, measured by the Isolation index for each study site in the Hispanic Health Community Study/Study of Latinos.





Neighborhood segregation: Informal/proxy measures

For our secondary analyses, in an effort to compare with prior studies, informal or proxy measures of segregation were examined—Hispanic/Latino density (proportion of adults in a census tract) and racialized economic segregation.


Hispanic/Latino density

A widely used proxy for neighborhood segregation is Hispanic/Latino density. For comparability with existing literature and with other formal measures of segregation, we operationalized Hispanic/Latino density using the 2006-2010 American Community Survey data. Higher values indicate higher proportion of Hispanic/Latino residents in the neighborhood.



Racialized economic segregation

Using data from the 2006-2010 5-year estimates of the American Community Survey, we calculated the proportional imbalance between affluence and poverty to obtain an Index of Concetration at the Extremes (ICE), which can range from -1 (low racial/ethnic or economic privilege) to 1 (most racial/ethnic or economic privileged). This measure allows us to examine the combined (i.e., racialized economic segregation) and separate influence of concentration of income as well as race/ethnicity. As such, three different types of ICE indices were calculated based on work by Krieger et al., utilizing income data alone, race/ethnicity data alone, and an integration of both income and race/ethnicity data (40, 41). Based on the 20th and 80th percentiles of the national household income distribution of the 2010 Census data, deprived groups were defined as those earning ≥ U.S $25,000 and advantaged groups were those earning ≥ U.S. $100,000.




ACS guideline adherence score

For comparability with the existing body of literature on adherence, the 2012 ACS Guidelines on Nutrition and Physical Activity for Cancer Prevention, outlined in Table 1, were operationalized as a composite score based on previous studies (7, 8).


Table 1 | The 2012 American cancer society guidelines on nutrition and physical activity for cancer prevention1.




Diet

Diet data came from two 24-hour dietary recalls that assessed intake of specific foods and food groups during the past 12 months (42). The diet components were scored as follows: (1) fruits and vegetables - 1 point for consuming ≥5 servings/day and 0 otherwise; (2) total carotenoids - 0, 1 or 2 points for being in the first, second or third tertile of carotenoid intake; (3) red and processed meat – log transformed, divided into quartiles and assigned scores of 0-3 (lowest quartile = 3); and (4) whole grains, defined as percentage of whole grains consumed (whole grains/total grains x 100) then divided into quartiles and assigned a score of 0-3 (lowest quartile = 0). A final diet score (ranged 0-9) was obtained by summing across the four diet components.



Alcohol

Alcohol intake as grams per day, derived from the dietary recall and described in detail previously (43), was considered separately from the diet score. One drink was defined as 14 grams of pure alcohol.



Physical activity

Accelerometer-assessed moderate to vigorous physical activity (MVPA) was captured using an Actical accelerometer that participants wore for 7 days to assess frequency, duration, and intensity of their physical activity during that period. Further details of the accelerometry protocol, data cleaning, and derivation are available elsewhere (44).



Body mass index

Anthropometric measures (height and weight) were obtained during the baseline visit at each study site. Self-reported weight and height at age 21 years were also collected. Body mass index at enrollment and at age 21 were calculated using the formula kg/m2 and categorized as: normal weight (BMI 18.5 to < 25.0 kg/m2), overweight (25.0 to < 30.0 kg/m2) and with obesity (≥ 30.0-50 kg/m2). To capture the ACS guideline of maintenance of a healthy weight throughout life, the BMI scoring incorporated BMI at age 21 when available.



Composite adherence score

We categorized the diet score, alcohol intake, physical activity, and BMI into three levels. Behaviors most consistent with criteria received a score of “2” (7-9 diet points; nondrinker; ≥150 mins/week moderate activity or ≥75 mins/week of vigorous; and BMI < 25.0 kg/m2 at enrollment and at age 21. Behaviors with mid-level concordance received a score of “1” (3-6 diet points; > 0 - ≤1 drink/day for women or 0- ≤2 drink/day for men; >0 to <150 mins/week of moderate activity or >0 to <75 mins/week of vigorous activity; and BMI of 25.0 to <30.0 at enrollment or at age 21). Behaviors with least consistency to guidelines received a score of “0” (0-2 diet points; >1 drink/day for women or >2 drink/day for men; 0 mins/week for physical activity; and BMI ≥ 30 kg/m2 at study entry or at age 21). For participants with missing BMI at age 21, only BMI at study entry was used.

Components were summed with possible range of “0” (does not meet recommendations) to “8” (meets all recommendations), and further categorized based on a priori cut points used in other studies that included Hispanic/Latino adults (7, 8) as low (0-3), moderate (4-5), and high (6-8) adherence.




Covariates

We identified potential a priori individual and neighborhood level confounders including age categories (18-44, 45-65, >65), education (<high school, high school, some college, ≥college), sex (male, female), employment status (employed, unemployed), marital status (married, otherwise), household income (<$30,000, ≥$30,000, missing), acculturation level (language preference (Spanish, English), birthplace and duration of residence in the U.S. mainland (US born, foreign/US territory born <10 years, foreign/US territory born ≥10 years, missing), Hispanic/Latino heritage, and study site (Miami, San Diego, the Bronx, Chicago). Missing data was coded as the highest level in each categorical covariate.

Neighborhood level confounders included the neighborhood immigrant composition (percent of foreign-born residents in the tract) and the neighborhood deprivation index. The neighborhood deprivation index was calculated according to the approach originally described by Messer et al. (45). Using principal component analysis, we extracted a single factor that represented the shared variance from the following variables: percent of residents with less than a high school diploma, percent of residents with household incomes below 100% of the federal poverty level, percent of residents who are unemployed, and median household income. The index was standardized; increasing values indicated higher neighborhood deprivation.



Statistical analysis


Weights and missing data

We conducted complex survey analysis that accounted for sample weights and a two-stage sampling design from the HCHS/SOL study (46). Models included inverse probability weighting (IPW), due to missing accelerometry data as described previously (47, 48). Briefly, 92.3% (n=15,153) of participants had partial accelerometer data and 77% (N=12,750) had complete data (i.e., = 3 adherent days with > 10 hours of wear time (44). The product of the IPW weight and HCHS/SOL sampling weights were used in models of guideline adherence using accelerometry-measured physical activity which allowed for inferences to the target Hispanic/Latino population. Complex survey designed was accounted for using overall sampling weights; inverse probability weights accounted for missing accelerometer data. We excluded participants with missing data on variables of interest (not mutually exclusive): home addresses (n=316); residing outside of counties of interest (n = 70); accelerometry data (n = 3,933); body mass index at study entry (n = 428); and intake of meat (n = 1,086), grains (n = 1,086), fruits (n = 1,086), vegetables (n = 1,086), nuts and legumes (n= 223), and carotenoids (n = 434). The final analytic sample was 11,957 adults.



Model building

Using design-based weighted analyses, we described participant characteristics by ACS guideline adherence. We examined correlations between segregation exposures. We fit weighted multinominal logistic regressions of ACS guideline adherence to estimate relative risk ratios (RRR) and 95% confidence intervals (CI) for a 1-unit increase in neighborhood segregation. Sequential multivariable analyses to control for potential confounders were performed. Model 1 adjusted for individual-level (e.g., age, sex, education, household income, self-identified heritage, study site) covariates. To evaluate the role of segregation, beyond neighborhood deprivation, model 2 additionally included the neighborhood deprivation index. Hypersegregation was examined using joint effects model that examined additive and multiplicative interactions between the dimensions of segregation and guideline adherence outcomes. The proportional odds/parallel lines assumptions were examined in each independent model and because of contradictory results between model fit indices (i.e., Akaike information criterion (AIC) and Bayesian information criterion (BIC)), results from ordinal models (Odds ratio, OR and 95% CI) are also shown. Sensitivity analysis examined associations among never smokers and among participants with complete data for BMI at age 21 at study entry (data not shown). All analysis was conducted in STATA and two-sided tests were considered statistically significant at p<0.05.





Results


Descriptive statistics

Differences in sociodemographic characteristics were found by ACS guideline adherence levels (Table 2). Overall, 28% of Hispanic/Latino adults were classified as highly adherent to the 2012 ACS guidelines. The majority of Hispanic/Latino adults were ages 18-44 (60%), female (52%), had less than a high school education (32%), had a Spanish-language preference (75%), were US/territory born ≥ 10 years (49%), had health insurance (50%), and had never smoked cigarettes. Overall, the mean BMI at study entry and age 21 were 29.4 and 24.0 kg/m2, respectively. Participants engaged in about 150 and 24 minutes/week of moderate and vigorous activity respectively, consumed 4.9 servings/day of fruits and vegetables, 2.1 servings/day of red and processed meats, 22% of whole grains out of total grains consumed per day, and 1.9 servings/week of alcohol.


Table 2 | Characteristics of U.S. Hispanic/Latinos by ACS guidelines on nutrition and physical activity for cancer prevention categories.



Correlations between neighborhood segregation measures are shown in Table 3. Overall, Hispanic/Latino adults lived in low segregated environments based on the evenness dimension (0.39, Figure 1) and highly isolated neighborhoods based on the exposure dimension (0.76, Figure 2). Hispanic/Latinos tended to reside in neighborhood environments with lower economic and racial privilege (economic segregation = -0.28, racial segregation = -0.64, racialized economic segregation = -0.26).


Table 3 | Correlations between neighborhood segregation measures in analytical sample.



On average, adults more adherent to ACS guidelines were younger (age 18-44 at 71%), male (55%), had lower education (31% high school or 30% less than high school), were employed (55%), single (58%), enrolled at the San Diego site (30%), less acculturated (preferred Spanish (74%), foreign born in US <10 years (32%), or in US/territory born >=10 years (42%), of Mexican heritage (46%), not insured (52%), and were never smokers (68%).

Adherence to the ACS guideline and its components varied by Hispanic/Latino heritage (Table 4) and study site (Table 5). Adults of Mexican heritage and adults enrolled in San Diego had the highest proportion of overall adherence to the ACS guidelines as well as high adherence to the alcohol recommendations. Adults of Mexican heritage and those enrolled in Chicago had the highest proportions of high adherence to the dietary recommendations. Adults of South American heritage and enrolled in Miami had the highest proportion of high adherence to the BMI recommendations. Adults of Puerto Rican heritage and enrolled in the Bronx had the highest proportion of adherence to the physical activity recommendations.


Table 4 | Proportion of adults meeting the ACS nutrition and physical activity cancer prevention guidelines, by self-reported Hispanic/Latino Heritage, N = 11, 957.




Table 5 | Proportion of adults meeting the ACS guidelines on nutrition and physical activity for cancer prevention guidelines, by Study Site,N = 11, 957.





Associations for dimensions of segregation and guideline adherence

In fully adjusted multinominal regression, we found no association between the evenness dimension or exposure dimension of segregation and ACS guideline adherence category (Table 6). Furthermore, no associations were found after including both evenness and exposure dimensions in the joint effects models.


Table 6 | Multinomial logistic regression models for the association between neighborhood segregation measures and adherence to the ACS guidelines1 on nutrition and physical activity for cancer prevention.





Associations for dimensions of segregation and individual components of the guidelines

In fully adjusted multinominal regression models, there was evidence of an association between exposure segregation (i.e., higher residential isolation) and lower likelihood of having moderate vs. low adherence to the alcohol recommendations (Table 6). Evenness segregation associated with lower likelihood of having high vs. low adherence to the physical activity guidelines. In a series of multinominal regression models examining joint effects (additive and multiplicative, Table 7), we found evidence that residence in hypersegregated neighborhoods associated with moderate vs. low adherence to the alcohol, dietary and BMI recommendations and with both moderate and high vs. low adherence to the physical activity recommendations.


Table 7 | Multinomial logistic regression models for the association between neighborhood segregation measures and adherence to the individual components of the ACS guidelines1 on nutrition and physical activity for cancer prevention.





Secondary analyses: Associations for proxies of neighborhood segregation and guideline adherence

Racialized economic segregation was associated with higher likelihood of having high vs. low overall guideline adherence (Table 6). Residence in areas with either higher economic segregation or higher racialized economic segregation was associated positively with the likelihood of having moderate or high vs. low adherence to the BMI recommendations. Other proxies of segregation (racial segregation or Hispanic/Latino density) did not associate with overall guideline adherence or its components.

Results from ordered logistic regression models are shown in Table 8.


Table 8 | Ordered logistic regression models for the association between neighborhood segregation measures and adherence to the individual components of the ACS1 guidelines on nutrition and physical activity for cancer prevention, N = 11, 957.






Discussion

In this large and diverse population of U.S. Hispanic/Latino adults, we examined whether formal and proxy measures of neighborhood segregation were associated with adherence to the 2012 ACS Guidelines on Nutrition and Physical Activity for Cancer Prevention. In our analysis, formal (e.g., evenness and exposure) measures of segregation were suggestive of a 2-7% lower odds of guideline adherence for every 1 unit increase in segregation. Segregation was also associated with several ACS guideline components. In multiplicative models, there was evidence of an association between hypersegration and BMI. Based on our proxy measures, individuals living in more affluent areas (economic segregation) were 28%-47% more likely to meet the BMI recommendations, whereas Hispanic/Latino adults residing in areas with both greater racial and economic privilege (i.e. more residents identifying with the White race and affluence) were almost 2 times more likely to meet them.

Our study expands a growing body of evidence that attempts to understand the role of neighborhood segregation on energy balance and cancer related inequities. Extant cancer research has focused on the role of neighborhood deprivation on cancer preventive behaviors (49) and cancer risk and outcomes (50), fewer studies have examined segregation, and among these, most relied on proxy measures of segregation (18).


Exposure dimension and ACS guideline adherence

The literature on segregation and cancer-related outcomes (examined with formal measures) is mixed (51, 52), focusses on multiple sequential and interacting segregation mechanisms as well as possible moderating effects of segregation not captured in our work. For example, our cross-sectional analysis is suggestive of possible mediating effects of neighborhood poverty given the large observed change in direction and attenuated magnitude of some estimates after we adjusted for the neighborhood deprivation index, consistent with the body of literature showing that neighborhood segregation leads to concentrated poverty (53–56). Our study also adds to a large but mixed body of literature on the role of neighborhood segregation or ethnic enclave on dietary patterns (33, 57, 58). Our findings are consistent with a body of literature showing that segregated poor communities are more likely to have increased exposure to alcohol and tobacco outlets and advertisements. Segregation, regardless of neighborhood racial/ethnic composition, has been associated with higher number of alcohol (59, 60) outlets.

The exposure dimension of segregation measures the probability of interaction with other members of the same racial/ethnic group. In our study, Hispanic/Latino adults resided in highly segregated neighborhoods (isolation index of 0.78, with >0.6 indicative of high segregation). High exposure to members of racial/ethnic groups that exhibit poor lifestyle behaviors and outcomes (i.e., limited exposure to healthier groups) may lead to poor lifestyle behaviors and health at the individual level (61). For example, Hispanic/Latinos are at high risk of sedentary behaviors (62, 63), and barriers include discouragement from peers and cultural norms (27). We found that only evenness segregation, after adjusting for isolation, was associated with a lower likelihood of meeting the physical activity guidelines. Although, it is important to note that other individual (e.g., fatigue, limited time), environmental (e.g., safety, lack of resources), and financial (e.g., cost) level factors related to segregation are strong barriers to physical activity among Hispanic/Latino adults (27, 64, 65).



Evenness and adherence to ACS guidelines

When racial/ethnic groups are unevenly distributed, thereby becoming isolated into smaller pockets across a given geographic space, access to health promoting resources become concentrated in neighboring concentrated White communities and health inequities arise. Studies suggest that evenness segregation may not be associated with adverse health unless it is accompanied by isolation (i.e., hypersegregation) (66–68). Our findings counter this, in that evenness segregation alone was negatively associated with lower odds of meeting physical activity guidelines and when considered simultaneously, evenness segregation remained negatively associated with higher levels of physical activity.



Racialized economic concentration at the extremes

Our findings on racialized economic segregation are, in part, consistent with literature showing that Hispanic/Latino adults residing in segregated communities were more likely to be economically disadvantaged compared to those residing in non-segregated communities (54, 69, 70). In turn, they experienced decreased access to resources that enabled adoption and maintenance of cancer preventive behaviors (physical activity, walkable, open spaces, affordable quality foods) (61, 71).

We found that racialized economic concentration was not associated with overall guideline adherence but was associated with meeting the BMI recommendations. While we are unaware of any other study linking ICE indices to health behaviors, our findings align with prior studies demonstrating a link between racialized economic segregation and adverse health outcomes (41, 72). In these studies, economic and race-based segregation was associated with higher BMI among Hispanic/Latino adults of Mexican heritage (72) and worse cancer outcomes (50, 73, 74). Similarly, we found that Hispanic/Latinos residing in neighborhoods with greater racialized economic segregation (i.e., higher economic and/or racial privilege) were more likely to meet the recommendations for BMI and alcohol intake, but less likely to meet them for diet. Our findings suggest that both race/ethnicity and socioeconomic standing have a significant role in place-based stratification (75). Among Hispanic/Latino adults, socioeconomic gains or increased assimilation do not always translate to spatial assimilation; as residential gains for Hispanic/Latino of diverse heritage (i.e., adults reporting mixed-race and ethnicity, Black Hispanic adults) are achieved at a higher cost compared to their White counterparts (70, 76, 77). Additionally, among Hispanic/Latinos adults, the poverty rates of non-White neighbors are a major driver of poverty concentration, which explains the importance of capturing the interaction of class- and race- based segregation (78) at the neighborhood level.




Strengths and limitations

Our study has notable strengths and some limitations. We used data from a large and diverse sample of US. Hispanic/Latino adults (46), generalizable to Hispanic/Latino adults in Chicago, IL; San Diego, CA; Miami, FL and the Bronx, NY. We conceptualized segregation using multiple formal measures as well as novel proxies that integrate both dimensions of structural racism (segregation and poverty). We used objective measures of physical activity, and dietary data were derived from questionnaires designed and validated in our study population to capture traditional and culturally specific foods. Lastly, we adjusted for a range of important confounders (e.g., acculturation, heritage) for Hispanic/Latino populations that are known to contribute to variations in lifestyle behaviors.

Limitations of our study include the cross-sectional nature of the data that limits causal inferences due to temporality of the measures, the possibility of unmeasured confounders such as skin color (20) and lack of residential history (75, 79). Future studies could examine time varying associations, account for changes in participant’s residential mobility, and explore the role of segregation at other known important neighborhood levels (e.g. county or block) (66).

This analysis evaluated the adherence to ACS guidelines using data collected between 2008-2011 and prior to the 2012 publication of the ACS guidelines. While our study does not evaluate guideline adherence over time as the guidelines became more widely recognized and implemented, our findings suggest that adoption and long-term maintenance of the guidelines has likely faced significant challenges in segregated neighborhood environments. Consideration of social and structural environments will be critical to the successful adoption of cancer preventive behaviors among Hispanic/Latino adults who reside in segregated neighborhoods or ethnic enclaves. Future studies should examine whether guideline adherence among Hispanic/Latinos has changed over time in light of the revised ACS recommendations published in June 2020.



Conclusion

Hispanic/Latino adults live in neighborhoods with high concentrations of racial/ethnic and economic segregation (33). Therefore, the lack of resources to engage in healthful behaviors in these neighborhoods translates to fewer opportunities to adopt and maintain healthful lifestyles and meet the guidelines on nutrition and physical activity for cancer prevention. Public health policies and interventions that specifically focus on segregated neighborhoods has the potential to improve the adoption and maintenance of cancer preventive behaviors among Hispanic/Latino adults.
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Background

Low health literacy (HL) is negatively associated with mammography screening uptake. However, evidence of the links between poor HL and low mammography screening participation is scarce.



Methods

We conducted a cross-sectional questionnaire survey among participants of a cancer screening program. We measured HL using a validated Chinese instrument. We assessed breast cancer screening-related beliefs using the Health Belief Model and the accuracy of risk perception. We used multivariable regression models to estimate the relationship between HL and the outcomes.



Results

A total of 821 females were included. 264 (32.2%) had excellent or sufficient, 353 (43.0%) had problematic, and 204 (24.8%) had inadequate health literacy (IHL). Women with IHL were more likely to agree that high price (β = -0.211, 95% CI -0.354 to -0.069), lack of time (β = -0.219, 95% CI -0.351 to -0.088), inconvenient service time (β = -0.291, 95% CI -0.421 to -0.160), long waiting time (β = -0.305, 95% CI -0.447 to -0.164), fear of positive results (β = -0.200, 95% CI -0.342 to -0.058), embarrassment (β = -0.225, 95% CI -0.364 to -0.086), fear of pain (β = -0.154, 95% CI -0.298 to -0.010), fear of radiation (β = -0.177, 95% CI -0.298 to -0.056), lack of knowledge on service location (β = -0.475, 95% CI -0.615 to -0.335), and lack of knowledge on mammography (β = -0.360, 95% CI -0.492 to -0.228) were barriers. They were also less likely to have an accurate breast cancer risk perception (aOR 0.572, 95% CI 0.341 to 0.956).



Conclusion

Women with lower HL could have stronger perceived barriers to BC screening and an over-estimation of their breast cancer risk. Tackling emotional and knowledge barriers, financial and logistical assistance, and guidance on risk perception are needed to increase their breast cancer screening uptake.





Keywords: health literacy, cancer screening (MeSH), barrier, risk perception, overestimate



1 Introduction

Breast cancer (BC) is the world’s most prevalent cancer among females with 2.26 million new cases and over 680,000 deaths in 2020 (1). BC screening is an important public health intervention to lessen the disease burden. Evidence showed that mammography screening could effectively reduce BC mortality (2, 3). Annual or biennial mammography screening has been widely adopted in cancer screening guidelines worldwide (4). However, the low uptake of BC screening remains a major concern; for instance, studies showed a screening rate of 32.1% in the United States (5) and 8-43% adherence to breast, colorectal and cervical cancer screening guidelines in Canada (6).

Having an adequate level of health literacy (HL) was shown in a recent meta-analysis to increase participation in BC screening (7). A study in the United States investigated HL and sociodemographic variables including ethnicity, language, education, smoking status, insurance, employment, income, and family history of BC. It found that, among all the factors considered, HL had the strongest association with adherence to mammography screening (8). Low HL was also shown to be negatively associated with up-to-date BC screening adhering to official guidelines (9). Indeed, the World Health Organization advocates empowering communities and improving HL as the first step for effective strategies for the promotion of early diagnosis (10). However, evidence on the links between poor HL and low BC screening participation is scarce. It is important to identify specific barriers or facilitators among people with poor HL to inform BC screening strategies catering for the needs of different people along the HL continuum.

On the other hand, most recommendations on BC screening are risk-based (4). Besides, evidence also showed that HL affected participation in non-recommended BC screening (11) which could be fuelled by an inaccurate risk perception. To further understand the association between BC screening behaviors and HL, investigating the role of perceived BC risk is of great importance. The association between HL and the perceived BC risk has not been widely researched and the available evidence is limited or inconclusive. For instance, a study in Ireland concluded that people with low HL tended to have an inaccurate perception of BC risk (12), while another study in Iran showed that HL level was not associated with perceived BC risk (13).

We hypothesized that women having a lower HL level would have more perceived barriers and less perceived facilitators for BC screening, and have less accurate BC risk perception.



2 Materials and methods


2.1 Study design and setting

This is a cross-sectional study including females who enrolled for mammography screening in the Multiple Cancer Screening Center (MCSC). This service is under a community-based multiple-cancer screening project, which was sponsored by the Hong Kong Jockey Club Charities Trust, a charitable organization, and run by the Faculty of Medicine of the Chinese University of Hong Kong. Further details of the project were described in a previous publication (14). Women registered online and were then contacted by trained staff by phone to confirm eligibility. Eligible individuals were females aged 50-75 years who did not have any of the following: a personal history of BC; swelling of all or part of the breast(s); breast skin irritation or dimpling; breast pain; nipple pain or the nipple turning inward; redness, scaliness or thickening of the nipple or breast skin; nipple discharge other than breast milk; lump(s) in the underarm area; or having received any BC screening test in the past 5 years. The screening service was free of charge.

Eligible women were invited to visit the MCSC to complete a structured self-administered questionnaire. Trained staff would provide on-site assistance if participants had difficulty understanding the questions. We measured HL using a validated Chinese instrument (HLS-SF12) (15). HLS-SF12 was derived from the 47-item European Health Literacy Questionnaire (HLS-EU-Q47) which was developed based on a comprehensive definition and a conceptual model of HL (16). The HLS-SF12 has been shown to retain the conceptual framework of HLS-EU-Q47 and have adequate psychometric properties including high reliability (Cronbach’s alpha = 0.85), good criterion-related validity and satisfactory item-scale convergent validity when used in different Asian countries (15). The components of HLS-SF12 include 12 health-related tasks representing the 12 dimensions of the conceptual model constructed from the four steps of information processing (finding health information, understanding health information, judging health information, and applying health information) (16). The women were asked to rate their perceived difficulty of each task on a 4-point Likert scale (1 = very difficult, 2 = difficult, 3 = easy, and 4 = very easy). The calculated HL scores ranged from 0 to 50 using the formula [(mean – 1) × (50/3)], where the mean was the mean of all the 12 items. The HL score of HLS-SF12 was shown to have a satisfactory correlation with the HL scores of HLS-EU-Q47 in multiple Asian countries, and the HLS-SF12 scores could explain 91-95% of the variance of the HL scores of HLS-EU-Q47 (15). Based on the HL scores, the HL levels were categorized as ‘inadequate’ (0–25), ‘problematic’ (>25–33), ‘sufficient’ (>33–42) and ‘excellent’ (>42–50) (17, 18). The ‘sufficient’ and ‘excellent’ levels were combined to a single level (>33–50) in the analysis to enhance statistical power. The required sample size was derived from the general rule of thumb for logistic regression by Bujang et al. (19) and calculated by the formula (n = 100 + 50i). With a total of 12 independent variables in our multivariable regression models, the recommended sample size was 700 (100 + 50*12).



2.2 Primary outcomes

The primary outcomes were BC screening-related beliefs or perceptions including BC risk perception. The 22 questions were developed based on the Health Belief Model and findings from previous studies on the health beliefs and behaviors of Chinese women on BC screening (20–22). The questions were then vetted by an expert panel consisting of public health specialists, family medicine doctors and experts in behavioral research. Several rounds of discussions were undertaken until a consensus was reached. To ensure clarity and comprehensibility, the questionnaire was pilot tested on 15 female MCSC participants, and face-to-face cognitive debriefings were conducted to verify that the translations of all the items on the questionnaire were understood in the same way by the target participants. Questions on perceived susceptibility to BC (1 question); perceived severity of BC (1 question); perceived benefits of BC screening (1 question); perceived barriers to BC screening (12 questions); and cues to action for undergoing BC screening (7 questions) were included. The women were asked to rate on a 4-point Likert scale (1 = strongly agree/very important, 2 = agree/important, 3 = disagree/unimportant, and 4 = strongly disagree/very unimportant) regarding the extent to which they agreed with the statements about their perceived susceptibility, perceived severity, perceived benefits, perceived importance of different barriers, and cues to action for BC screening. In the current study, Cronbach’s alpha was 0.8 for perceived barriers and 0.76 for cues to action, showing an acceptable level of internal reliability.

We also assessed the accuracy of BC risk perception based on the family history of BC. Family history is one of the strongest known risk factors for BC (23–25). According to the Hong Kong government recommendations on BC risk stratification of local females (26), women were classified as having an increased BC risk, as compared to the general public, if they have one first-degree female relative with BC diagnosed at ≤50 years of age; or two first-degree female relatives diagnosed with BC after the age of 50 years. The risk perception was regarded as concordant if a woman with increased risk answered “strongly agree” or “agree” to the statement “I have a very high chance of having breast cancer”; or a woman without an increased risk answered “disagree” or “strongly disagree”. Otherwise, the risk perception was regarded as discordant.



2.3 Covariates

Covariates included sociodemographic variables including age, place of birth, marital status, education level, personal and household income, and employment status. Data on self-rated health, history of common metabolic, gastrointestinal and pulmonary diseases including hypertension, diabetes, dyslipidemias, angina/ischaemic heart disease, stroke, fatty liver disease, chronic obstructive pulmonary diseases, gastroesophageal reflux disease, and history of any type of cancer (other than BC) were collected.



2.4 Statistical analyses

To test for any group differences across the three HL levels, the Chi-squared test was performed on categorical/dichotomous variables, and one-way ANOVA (analysis of variance) was performed on numerical variables. We used simple linear regression to estimate the relationship between HL and the primary outcomes. The dichotomous outcome of whether their BC risk perception was concordant with their family history was estimated using simple logistic regression. Further, multivariable linear and logistic regression models were used to adjust for potential confounders. The R software version 4.2.0 was used to perform the statistical analysis (27).




3 Results

A total of 821 females with a mean age near 58 years were included in the analysis. A total of 823 women who attended the mammography screening were recruited and 2 refused to join the study (response rate 99.8%). Over two-thirds were married or cohabitating and over half were employed. The mean HL level was 29.79 out of 50 with around one-third having excellent/sufficient HL and one-fourth having problematic HL. Education level and self-rated health were different among women with different HL levels. A minority (1.2%) reported a history of cancer (other than breast cancer) (Table 1).


Table 1 | Characteristics of individuals by health literacy level.



Simple linear regression showed that perceived susceptibility and perceived severity of BC were higher in women with a lower HL level. Multiple perceived barriers to BC screening were stronger in women with lower HL levels. Perceptions of cues to action for undergoing BC screening were different by HL levels. Women with IHL were less likely to have a concordant BC risk perception (Table 2).


Table 2 | Associations between screening-related perceptions and health literary (N=821).



Multivariable linear regression showed that, compared to excellent and sufficient HL, women with IHL were more likely to have higher perceived susceptibility and higher perceived severity of BC. They were more likely to agree that high price, a lack of time, inconvenient service time, long waiting time, a fear of positive results, embarrassment, a fear of pain, a fear of radiation, a lack of knowledge on service location, and a lack of knowledge on mammography were barriers to BC screening. Compared to excellent and sufficient HL, women with PHL were more likely to agree that a lack of time, inconvenient service time, long waiting time, a fear of positive results, a lack of knowledge on service location, and a lack of knowledge on mammography were barriers to BC screening. Women with IHL did not show a statistically significant difference in terms of perception of cues to action compared to those with excellent and sufficient HL, but women with PHL were less likely to agree that media information was an important cue to action. Regarding cue to action, compared to college/university or above education level, women with lower education level were more likely to agree that recommendations from healthcare professionals or friends/relatives or media information were important cues to action. Women with IHL were less likely to have a concordant BC risk perception (aOR 0.572). Lower likelihoods of concordant BC risk perception were also seen in women with positive family history of BC (aOR 0.302) and lower education level (lower secondary education aOR 0.372, primary school or below aOR 0.291) (Table 3 is an abridged table, please refer to the Supplementary Table S1 for the full results). Among women participating in BC screening, education level was the strongest determinant among all covariates on HL level (Table S2).


Table 3 | Associations between screening-related perceptions and health literacy adjusted for covariates# (N=701).





4 Discussions

In our study, over two-thirds of the female participants had PHL or IHL (Table 1). The proportion is high when compared to the 47% found in a study using the HLS-EU-Q47 scale in the European region (17). Regarding perceived barriers to BC screening, women with IHL held a stronger belief than those with excellent or sufficient HL that financial (high price), logistical (time constraint, inconvenient service time, long waiting time), emotional (fear of positive results, fear of radiation, embarrassment) and knowledge (lack of knowledge on service location and mammography) factors were barriers to BC screening (Table 3). Women with PHL also had a stronger belief that the lack of knowledge on mammography and fear of positive results were barriers to BC screening. These findings are consistent with a study in the United States, which showed that women with lower HL reported more emotional and knowledge barriers to BC screening (28). However, the same study also indicated that these women reported fewer logistical barriers, which is not consistent with our findings. This inconsistency could be multifactorial including cultural differences (29), differences in access to health care (30), or socioeconomic status (31), that would require further research to investigate the effects of these factors on the relationship between HL and BC screening. Nevertheless, our results showed that women with low HL would perceive stronger barriers to BC screening in several dimensions, and provided evidence of the links between low HL and low BC screening participation. Unlike barriers, we found that cues to action or facilitators for BC screening were less affected by HL levels. Apart from women with PHL who accorded lower importance to “media information”, we did not see statistically significant differences across the HL continuum in terms of the importance of BC screening facilitators (Table 3). Intriguingly, independent of HL level, women with different education levels apparently would accord different importance to facilitators like recommendations from healthcare professionals, friends/relatives, and media information on screening. It may warrant further studies to explore the differential effects of HL and education level on cues to BC screening.

Various HL-based interventions have been developed aiming to improve BC screening uptake in people with low HL. These interventions mainly focus on building HL skills (32) or providing educational materials (33). However, studies have shown that materials or counselling techniques adopted in these interventions might not be responsive to the needs of the recipients (34, 35). Our study helps inform the development of such interventions that can tackle the stronger emotional and knowledge barriers to BC screening among people with lower HL. In addition to education and empowerment, our results indicated that addressing external factors such as price, service hours and capacity are also important in reducing barriers to BC screening for people with low HL.

Moreover, women with lower HL in our study had poorer self-rated health than those with higher HL regardless of the number of chronic illnesses that they had (Table 1). This finding is consistent with a previous study among Chinese adults showing higher HL was positively associated with better self-rated health (36). Our subjects with PHL or IHL also agreed more strongly with a high own BC risk and a high severity of BC than women with excellent or sufficient HL (Table 3). Similar findings of higher perceived BC risk among women with low HL were also seen in another study (37). Furthermore, we also found an association between low HL and inaccuracy of BC risk perception. Compared to women with excellent or sufficient HL, those with IHL had a nearly two-fold increase in the odds of having BC risk perception discordant with their BC family history (Table 3). Since most national and international recommendations on BC screening are risk-based (4, 26), a shared and informed decision on BC screening should ideally be made by a woman after a discussion with her healthcare provider on her own risk level. Family history of BC is an important risk indicator (26) and is not rare (6.7% among our subjects, Table 1). Besides, our results also showed that women with a positive family history were more likely to have a higher perceived susceptibility to BC that were less likely to be accurate (Table 3). It indicates that guidance for these women is needed for a correct interpretation of their positive family history. Decision aids have been developed to assist women to come up with a more accurate risk perception (38). An overestimation of risk could lead to over-utilization of mammography screening or other healthcare services as shown in a study in the United States (39). This could be a possible link to the observed suboptimal including overutilization of healthcare resources by people with low HL (40). Age-based screening recommendations are widely adopted internationally (4) that women aged 50 or above are recommended for regular mammography screening. While this is a risk-based and pragmatic approach for a public health policy, our results implied that women with low HL would require more guidance on BC risk perception. Besides screening decisions, correcting an overestimation of risk would reduce the associated unnecessary worries and psychological distress (41, 42), which could be equally important to an individual’s well-being.


Limitations

First, the cross-sectional design of this study could not directly infer a causal relationship between HL levels and BC screening-related beliefs. A longitudinal study would provide further insights. Second, only mammography screening was assessed. That said, mammography is the most widely adopted BC screening method in population-based BC screening (4, 26). Third, we studied participants of a cancer screening program who could be more health conscious and might have a higher HL than the general population. We might not be able to assess if there was an over-representation of women with higher HL in our sample as data on the overall HL picture of the Hong Kong general population were not available. Nevertheless, the percentage of recruited subjects from the three regions of Hong Kong was 13.5%, 26.8%, 58.8% and 1.3% for Hong Kong Island, Kowloon, and New Territories and Islands respectively, that closely resembled the data from Hong Kong population census on population distribution (43). Moreover, this study did not aim to provide an estimate of the general HL level of the local population but aimed to investigate associations between HL and BC screening-related beliefs. The possible under-representation of people with low HL in our sample might affect the power of our study but should not have a marked impact on the direction of associations. Fourth, all subjects had already participated in BC screening in this study that did not provide a comparison unscreened group for further analysis (e.g. mediation analysis) of the mechanism among HL, screening beliefs and risk perception, and screening uptake. Further studies including both screened and unscreened subjects are needed to investigate the mechanism. Nevertheless, even only among screening participants, our study results supported the hypothesis that women with low HL would have more perceived barriers to BC screening and a less accurate BC risk perception.




5 Conclusion

Compared to women with excellent or sufficient HL, women with lower HL could have stronger perceived barriers to BC screening on multiple aspects including financial, logistical, emotional, and knowledge barriers. They also had an overestimation of their own BC risk. Besides addressing emotional and knowledge barriers in BC screening promotion strategies, providing financial and logistical assistance is also needed to increase BC screening uptake for women with low HL. They also require guidance on BC risk perception.
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Background

The use of immunotherapy is associated with improved survival among patients with Non-Small Cell Lung Cancer (NSCLC) and has gained widespread use in its management. However, there is limited information on whether the survival benefits associated with immunotherapy differ among races and ethnicities.



Objective

This study aimed to investigate racial differences in survival amongst patients with NSCLC who received immunotherapy as the first-line treatment in Texas.



Methods

Patients with NSCLC who received immunotherapy between October 2015 to December 2018 were identified from the Texas Cancer Registry (TCR). Disease-specific survival was evaluated and compared among patients across racial/ethnic categories using the Kaplan-Meier survival analysis, log-rank test, and a multivariable Cox proportional hazard regression model following an inverse probability treatment weighting (IPTW) propensity score analysis.



Results

A total of 1453 patients were included in the analysis. Median survival (in months) was longest among Asians (34, 95% CI: 15-Not Estimable), followed by African Americans (AAs) (23, 95% CI: 15-34), Hispanics (22, 95% CI: 16-26), and Whites (19, 95% CI: 17-22). The adjusted regression estimates had no statistically significant differences in survival among AAs (aHR = 0.97; 95% CI = 0.78-1.20; P =0.77) and Hispanics (aHR = 0.96; 95% CI = 0.77-1.19, P =0.73) when compared to White patients. Asians on the other hand, had 40% reduction in mortality risk compared to Whites (aHR = 0.60; 95% CI = 0.39-0.94, P = 0.03).



Conclusions

Our study indicated that African Americans and Hispanics do not have poorer survival compared to White patients when receiving immunotherapy as first-line treatment. Asians however had longer survival compared to Whites. Our findings suggest that existing racial disparity in NSCLC survival might be mitigated with the use of immunotherapy and should be considered in providing care to these minority groups.
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1 Introduction

Non-small cell lung cancer (NSCLC) is the most common type of lung cancer in the United States (US) and accounts for about 85% of all lung cancer cases (1, 2). Lung cancer is the leading cause of cancer-related deaths in the U.S (3). Fortunately, lung cancer-related mortality is on the decline, largely due to advances in treatment options (4, 5). Immunotherapy is an innovative therapy that has been well documented to improve survival in patients with NSCLC; these drugs act by activating immune cells and enhancing their antitumor responses (6). In the past decade, the U.S. Food and Drug Administration (FDA) has approved immunotherapeutic agents including immune checkpoint inhibitors (ICIs) and cytotoxic T-lymphocyte–associated protein 4 receptor (CTL4-A) inhibitors (7) as first- and second-line agents for NSCLC (7, 8).

Many studies have reported that racial disparity exists in lung cancer (8–13). For instance, across racial groups in the U.S., AAs have the highest incidence of lung cancer and mortality rates despite having lower smoking prevalence compared to Whites (14, 15). The American Lung Association (ALA) reports on racial differences among Asians, African Americans, Hispanics, and Whites with regards to prevalence, access to treatment and survival; ALA’s statistics have shown poorer survival among African Americans and Hispanics compared to their White counterparts even when there is access to treatment (16). Further complicating this issue is the underrepresentation of minority racial groups in clinical trials targeting cancers (17). Many trials that have led to the approval of several immunotherapy drugs for NSCLC did not consider national representation of racial groups or racial differences in the burden of the disease in their study samples (18–22). These trials did not consider oversampling the minority groups to support subgroup analyses. In these trials, African American patients comprised only 1-4% of the treatment and control samples, despite the fact that 13.6% of the US population are AAs (23). Just as concerningly, Hispanics were not considered as a distinct category despite their increasing representation, currently at 18.9% of the U.S. population (23). Only few observational studies have evaluated immunotherapy for NSCLC in diverse patient samples found in real-world, clinical settings (7, 24–26) and although these studies provided valuable insights into whether racial disparity occurs with immunotherapy utilization, they were limited by sample size, insufficient representation of minority races or ethnic groups, and low generalizability. To our knowledge, no state-specific study has been done as the majority of previous studies were retrospective reviews of patients receiving treatments in a single treatment center (7, 27). Based on the ALA statistics, the state of Texas is below the national average in achieving racial equity for Lung cancer and White patients often have higher survival rates (28). As such, we hypothesized that White patients with NSCLC have longer survival compared to minority races when immunotherapy is received as the first course of therapy in Texas. Therefore, the objective of this study was to examine if there are racial differences in survival from NSCLC when immunotherapy is administered as the first course of treatment among patients receiving treatment in Texas.



2 Methods


2.1 Study design and data source

Our study was a retrospective cohort study of patients with histologically confirmed NSCLC who received immunotherapy as their first-line of treatment. Patient data were obtained from the Texas Cancer Registry (TCR) database. The TCR is a statewide population-based cancer registry with gold certification by the North American Association of Central Cancer Registries and is recognized as one of the largest cancer registries in the United States (29). The database provides information on cancer patients’ sociodemographic, tumor, and other clinical characteristics as well as the general class of treatments received as the first-line of treatment (30). All study procedures were approved by the University of Houston Institutional Review Board (IRB) with a waiver of informed consent as this was secondary research that used de-identified data. The study followed the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) reporting guideline (31).



2.2 Identification of study population and variables

We identified patients with NSCLC, aged 18 years and above, who received immunotherapy as the first-line of treatment from October 2015 to December 2018. Patients were retrospectively followed till December 2020. Patients were excluded if they had any missing values for race, ethnicity, or any other study variables (Figure 1). The third edition of the International Classification of Diseases for Oncology (ICD-O) codes was used to identify cases of NSCLC, based on the primary site of the cancer, its morphology, and behavior (Table S1) (30, 32).




Figure 1 | Consort diagram showing cohort selection: Patients 18 years and older with histologically confirmed cases of non-small cell lung cancer who received immunotherapy as the first treatment course between October 1, 2015, and December 31, 2018.



The primary independent variable was race and ethnicity, referred to simply as race henceforth in the study. The use of immunotherapy was defined as whether patients received an immunotherapy agent as the first-line of treatment. The cancer stage was classified as localized, regional, and distant, according to the classification by the Commission on Cancer (CoC) (31, 33). The primary exposure was the receipt of immunotherapy, defined as being treated with immunotherapy as first-line of treatment. The unexposed group did not receive immunotherapy as first-line agents but received other treatments such as chemotherapy. The primary outcome was disease-specific survival and was defined as the time from initiation of immunotherapy to death or censoring at end of the follow-up period. Censored patients were those who were alive or died of other causes during the study period (34).

Covariates evaluated were demographic and socioeconomic characteristics such as age, sex, insurance type, county-level poverty index, and geographical location. Patient’s smoking history and clinical characteristics such as cancer stage were also identified and defined at baseline. Immunotherapy is commonly administered with other agents, especially chemotherapy (29, 32), so receipt of other treatment modalities as first-line agents such as chemotherapy, radiotherapy, hormone therapy, and surgery were also measured.



2.3 Statistical analysis

Data management and statistical analyses were performed using SAS v9.4 software (SAS Institute Inc., Cary, NC, USA). Two-sided statistical significance was used to test hypotheses and was defined as P<0.05.



2.4 Descriptive statistics

To describe the baseline characteristics of the study cohort, continuous variables were presented as means with standard deviations, while categorical variables were presented as frequency and percentages, and comparisons were made using the Chi-square test. Comparisons across racial categories were performed using the analysis of variance (ANOVA) test.



2.5 Survival analysis

Crude survival differences across racial categories were obtained using unadjusted Kaplan-Meier (K-M) analysis and a bivariate Cox proportional hazards (PH) regression model. K-M curves were used to depict the monthly survival probabilities of patients per racial category and statistical differences in these survival probabilities across the study period were determined using the log-rank test. Pairwise analysis of the K-M analysis was done to evaluate survival differences in each minority group versus Whites alone while adjusting for multiplicity hence inflation of Type 1 error using the Sidak test (35). Sidak adjustment assumes that each comparison is independent of the others and has more power than the more conservative Bonferroni adjustment (36). Median survival times obtained from the K-M analysis were compared across races. As a secondary analysis to obtain survival time, the restricted mean survival time (RMST) was obtained for all races. The RMST is not commonly used in survival analysis but is generally considered a more reliable estimate than the median survival time estimated using the K-M curve due to its ability to circumvent skewness and challenges associated with censoring in survival data (37, 38). In addition, it provides a summary of the survival time in the entire period of observation, as opposed to obtaining the survival rate at a specified time as with the K-M curve (38).

A multivariable Cox proportional hazards regression model was fitted to compare mortality risk among the different racial categories while adjusting for baseline covariates. Cancer stage and smoking status of the patients were introduced as interaction terms in the Cox proportional hazard model to examine if the survival of patients across racial categories varied according to the spread of cancer or smoking history (2, 39).



2.6 Propensity score analysis

The difference in mortality risk between patients across racial and ethnic groups was further examined after balancing differences in treatment (racial) groups by inverse probability treatment weighting (IPTW). IPTW has the advantage of yielding marginal treatment estimates while conserving sample size of all propensity score (PS) methods (40). Multiple PS technique which controls for bias by comparing more than two treatment groups was used in this study as there were four racial groups (41). The IPTW is the probability of assignment to each treatment category (41). Pairwise PS analysis when dealing with more than two groups i.e., comparing two groups at a time, is not recommended because the probability of choosing all treatment groups will be greater than one, and the model fits are less efficient leading to variance inflation (41, 42) hence our opting for the multiple propensity score technique. To carry out our PS analysis, PS (probability of each patient of a particular race belonging to another racial group) was obtained using a multinomial logistic regression analysis (41, 43). The generalized logit function was specified in the link option to contrast minority races to White as the reference group. All identified potential confounders, including interaction terms, were added to the logistics model. Overlap of generated PS across the racial groups was assessed. The inverse of the propensity scores was then used to generate the IPTW, also known as the propensity score weights (28, 29). The weights were stabilized to prevent undue influence of extreme weights which can bias the result (40). The balance of the baseline characteristics across treatment groups was assessed using Absolute Standardized Mean Differences (ASMD) (40, 44). Finally, a weighted multivariable Cox proportional hazard model was fitted with race as the only predictor and White patients as the reference group.



2.7 Sensitivity analysis

Sensitivity analysis was performed to examine the possible impact of informative censoring on the results obtained (44, 45). First, the risk of mortality was evaluated with censored patients assumed to have been observed for the entire follow-up period, i.e., the entire period of observation. This analysis tests the hypothesis that censored cases are at low mortality risk and thus have more extended times of death from NSCLC than other cases (45). A second analysis was done whereby patients who died of causes other than NSCLC were not censored. This analysis tests the hypothesis that people who died of other causes (and thus censored) would have experienced this if they had not died and were thus at high risk of mortality from NSCLC (45). The sensitivity analysis was repeated using the IPTWs and race as the only covariate.




3 Results


3.1 Characteristics of the study cohort

A total of 244,249 adult patients with NSCLC diagnosis and self-reported race and ethnicities were identified in the TCR database. The racial categories were defined as non-Hispanic White, non-Hispanic African American or African American, non-Hispanic Asian and Hispanic. These are henceforth referred to as White, AA, Asian, and Hispanic respectively. Of the identified patients with NSCLC, 2366 received immunotherapy as the first-line of therapy between October 2015 and December 2018. After excluding patients with missing information, the final cohort consisted of 1,453 patients. An attrition flowchart detailing inclusion and exclusion criteria is provided in Figure 1.

Among the study population, 1,044 (71.8%) were White, 185 (12.7%) were African American, 172 (11.8%) were Hispanic, and 72 (3.6%) were Asian. The median age for all patients was 68 years (Interquartile range, IQR: 61 – 74 years) [White: 69 (IQR: 27 - 98) years, African American: 66 (IQR: 40 - 90) years, Hispanic: 65 (IQR: 21 - 89) years, and Asian: 63 (IQR: 36 - 89) years]. All patients had immunotherapy initiation within two months of NSCLC diagnosis. More than half of the study population were females (52.6%). A larger proportion of all patients had government-type insurance (66.8%), lived in metropolitan or urban areas (85.1%), were current or former smokers (80.3%), had metastatic cancer (75.6%), and received chemotherapy (as adjunct therapy or second-line treatment; 64.6%). Asians were the youngest population, with 44.2% of them being younger than 65 years of age at the diagnosis. Hispanics had the highest proportion (11.1%) of uninsured patients. African Americans (43.2%) and Hispanics (40.7%) had the highest proportion of patients at the highest percentile of the census tract poverty level category (20 – 100%), considered as the most extreme level of poverty. Almost all the Asian population lived in metropolitan areas (98.1%). The rate of smoking was highest among African Americans (86.5%) and Whites (83.0%) followed by Hispanics (64.0%) and Asians (59.6%).



3.2 Unadjusted survival characteristics of patients across racial groups

A larger proportion of White patients (N = 588; 56.3%) died during the observation period (Table S1). This was followed by Hispanics [N = 95; 55.2%], African Americans [N= 89; 48.2%] and Asians [N= 52; 42.3%]. While Asians maintained a slightly higher survival across the follow-up period, the overall Kaplan-Meier estimates (Figure 2) did not show any significant differences across all racial groups (P = 0.18). The pairwise tests showed that Asians had a higher survival probability compared to Whites (P = 0.05) (Figure 2E). The cohort’s overall median disease-specific survival (DSS) was 19 months (95% CI = 17 - 22 months) and Asians had the longest median survival time (34 months, lower bound 95% CI = 15 months), followed by African Americans (23 months, 95% CI = 15 - 34), Hispanics (22 months, 95% CI = 16 - 26), and Whites (19 months, 95% CI = 17 - 22). The upper confidence interval limit of the median DSS for Asians was inestimable due to high rate of censoring in this population (30). The RMST values [(mean (SD)] obtained were 25.4 (0.68) months for Whites, 27.3 (1.64) months for African Americans, 26.3 (1.64) months for Hispanics, and 30.8 (3.14) months for Asians. (Figure S1). As with the K-M analysis, there was no statistically significant difference in survival among the racial categories (P = 0.29). No pairwise analysis was performed for the RMST analysis.




Figure 2 | Kaplan-Meier curves showing disease-specific survival in patients with non-small cell lung cancer who received immunotherapy as the first course of treatment in Texas from 2009 to 2018. From L to R: (A) the entire cohort; (B) patients stratified by race and ethnicity; and comparisons between (C) African American and White patients, (D) Hispanic and White patients, and (E) Asian and White patients.





3.3 Adjusted association between race and survival using conventional Cox proportional hazard regression

The multivariable Cox proportional hazard regression results (Figure 3) indicated no significant differences in survival of African American (aHR = 0.84; 95% CI = 0.68-1.04, P =0.113) patients, and Hispanic patients (aHR = 0.98; 95% CI = 0.78-1.22, P =0.862) in comparison with White patients when immunotherapy was administered as the first-line of treatment. Asians on the other hand, had about 35% reduction in risk compared to White patients but the upper confidence level shows evidence of probability of similar survival chances as White patients (aHR = 0.65, 95% CI = 0.42-1.00, P =0.05) (52,53). Although cancer stage and smoking status were independently associated with survival in the adjusted regression model (P<0.05), their interaction terms were not statistically significant (P>0.05), indicating that the influence of race on survival does not differ by the stage of cancer or smoking status when immunotherapy is received.




Figure 3 | Forest plot of multivariable Cox proportional hazard regression analysis showing the association between patient characteristics and disease-specific survival using regression adjustment.



The results of the first sensitivity analysis which assumed that censored observations had the longest follow-up period provided similar results with the main analysis (African Americans: aHR = 0.86, 95% CI = 0.69 -1.07, P =0.18, Hispanics: aHR = 1.01, 95% CI = 0.81 - 1.26, P =0.97; Asians: aHR = 0.64, 95% CI = 0.42 – 0.99, P =0.04). The second analysis which assumed that patients who died from other causes had similar mortality risk as those who died from cancer, did not show any significant difference among the racial groups regarding the mortality risk.



3.4 Propensity score estimation

The baseline characteristics among all races were comparable after adjustment using IPTW. There was considerable overlap among the treatment groups (Figure 4). The distribution of propensity scores was similar between all racial groups and the groups were thus comparable (31). The maximum ASMD for all covariates after IPTW was 11% and 90% of the measured covariates after IPTW had ASMD values below 0.1, as shown in (Table 1; Figure S2). This value was much less than the 25% recommended value (33, 34) confirming a good balance across the racial groups. ASMD below 0.1 indicated an acceptable balance between treatment (racial) groups (35). Figure 5 shows the regression estimates for the PS analysis. The propensity-score-weighted Cox proportional hazards model showed similar results with Cox analysis using regression adjustment (Figure 5). African Americans and Hispanics had comparable mortality risk as White patients (African Americans: aHR = 0.97, 95% CI = 0.78-1.20, P = 0.77, Hispanics: aHR = 0.96, 95% CI = 0.77-1.19, P = 0.73) while Asians had lower mortality risk compared to White patients (aHR = 0.60, 95% CI = 0.39 - 0.94, P = 0.03). The results of the sensitivity analyses using IPTW was similar to the results obtained from the adjusted regression model.




Figure 4 | Histogram showing the distribution of propensity scores by treatment (racial) group. From L to R: stacked histogram showing individual propensity scores for treatment groups, the overlap of propensity scores among treatment groups.




Table 1 | Descriptive characteristics of 1453 Patients with Non-Small Cell Lung Cancer Identified in the Texas Cancer Registry from October 2015 to December 2018 and Absolute Standardized Mean Differences (ASMD) Before and After Propensity Score Analysis using the Inverse Probability Treatment Weighting (IPTW) Method.






Figure 5 | Forest plot of multivariable Cox proportional hazard regression analysis showing the association between patient characteristics and disease-specific survival using the inverse probability treatment weighting (IPTW) method.






4 Discussion

This retrospective cohort study examined if differences in survival exist amongst NSCLC patients of different races who receive immunotherapy as the first-line of treatment in Texas. Our findings revealed no differences in survival among Whites, African Americans, and Hispanics (P>0.05), while Asians had a 40% decreased risk of mortality. We adjusted for patient baseline characteristics using regression adjustment and propensity score analysis, and there was no qualitative difference in the results obtained via both methods, as both methods gave the same interpretation of mortality risk across the racial groups. We demonstrated that the propensity score analysis reduced bias from measured confounders based on ASMD values, improving the reliability of our estimates.

Our findings are similar to those reported in previous studies.A retrospective cohort study using data collected from over 260 community cancer clinics in the U.S (25). reported a longer median overall survival (OS) among Asians [9.7 (IQR: 6.8 –13.2)] followed by African Americans [9.0 months (IQR: 4.8-12.7)], and Whites [8.0 months (IQR: 7.3 -9.2)]. This pattern was observed in our study, but they could not make further comparisons because their study did not include the Hispanic population, and race-stratified multivariable analysis was not done. Another study evaluated differences in survival between White and African American patients receiving treatment at a single institution in Georgia state (27) and reported similar OS (aHR = 0.90, 95% CI = 0.59 - 1.37, P = 0.13) and progression-free survival, PFS (aHR = 2.70, 95% CI = 1.08 – 6.74, P = 0.08) among the groups. This is also similar to our finding in which there was no significant difference in DSS between African American and White patients, but again other minority races were not considered in their study. Ayers et al. (7) oversampled African American patients (30.1% of the racial cohort) and included Asian (9.6%) and Hispanic populations (14.1%) in their study. Similar to our finding, their multivariable Cox analysis found no significant difference in survival of African Americans (aHR = 0.60, 95% CI = 0.34-1.03, P = 0.06) and Hispanics (aHR = 0.69, 95% CI = 0.37-1.27, P = 0.23) when compared to Whites, while their Asian population had improved overall survival (aHR = 0.32, 95% CI = 0.12-0.85, P = 0.02). After PS analysis with White and African American patients, African Americans showed improved survival, but the strength of the association was weak (aHR = 0.53, 95% CI = 0.28-1.01, P = 0.054). Our study findings are in line with previous studies, therefore, suggest that minority races can equally benefit from immunotherapy if they have access to immunotherapy. This is a positive finding since many studies have reported longer survival among only White population using conventional therapies like chemotherapy and surgery (9, 36).

In our analyses, the cancer stage, and patients ‘smoking history were considered as potential moderators of the effect of race on survival. This is because these variables are known independent predictors of survival from lung cancers, individual responses to immunotherapy may therefore differ based on these factors’ asides from racial status (37–39). In addition, race mediated through genetics may influence the aggressiveness of a cancer, hence, the stage (40) and behavioral factors such as smoking habits may differ across races. For instance, in our study population, there were more White and African American smokers than Hispanics and Asians who smoked. Our analysis however indicated no interaction between race and cancer stage, or between race and smoking status. Therefore, we did not proceed with subgroup analysis for these variables to prevent inflation of type 1 error rates (31). Our analysis also included an evaluation of how sensitive our Cox regression estimates were to possible informative censoring, and the results showed that our study findings were moderately robust to informative censoring. The fact that Asians lost their “superior” survival in the second sensitivity analysis may suggest that Asians who died of other causes were systematically different from those who died of lung cancer. Also, high censoring percentage which was observed with Asians (57.7%) can increase bias if patients who provided most of the information, were censored (41). Overall, this result still shows that patients of all races may equally benefit from immunotherapy for treatment of NSCLC (37, 62–64)

The strength of our study is in its ability to corroborate existing but limited knowledge about racial variations in survival that may exist with immunotherapy utilization. To further improve on these studies, we used more rigorous analytic techniques and included more populations utilizing this therapy in real-world. For the first time in related studies, we used multiple propensity score techniques to effectively reduce potential confounding bias through its pseudo-randomization (31, 44) and increased the reliability of our estimates. PS methods have been mainly used for two treatment groups. Another strength of our study was balancing pre-treatment characteristics for more than two groups, which is not very common. Other studies did not conduct sensitivity analysis and to our knowledge, our study has the largest sample size (N =1,453) and explored the most heterogeneous patient population due to utilization of a registry database collecting information from all cancer institutes in Texas (8–12, 36). The distribution of racial categories in our study was more representative of national estimates than previous studies and clinical trials. The implication of our overall study finding is that the efficacy of immunotherapy as observed in clinical trials is likely realized in the heterogenous patient population in real world, especially across an important social and or biologic construct such as race. Access to immunotherapy should be increased for minority races since disparity in access to treatment has been reported by NSCLC (42, 43).

Our study has limitations. Firstly, we did not have information on some parameters such as the specific immunotherapeutic agents used by the patients, their dosing regimen, and duration of therapy. Response markers to immunotherapy and tumor mutations that could have been used for prediction of a patient’s response to immunotherapy, were also not available (6). Second, Race and ethnicity were self-reported; information on ancestry and genetic data may provide more accurate information on the survival characteristics (46). The database we used lacked genetic data which may also drive differential survival characteristics observed in our study, for instance, being Asian has been reported to be a favorable prognostic factor for overall survival in NSCLC irrespective of smoking status (44). Our Asian population was small, similar to previous studies. This might be due to the low incidence of lung cancer among Asian population (16, 45). Third, unmeasured baseline characteristics which may act as confounders e.g., comorbidities were largely missing and were not considered in our analysis. Also, we excluded patients with missing information, which might have resulted in biased findings. Lastly, given that this study only focused on Texans, a more robust study in a nationally representative population is needed to confirm existing findings.



5 Conclusion

This retrospective cohort study showed no differences in survival between African American, Hispanic, and White patients in Texas when immunotherapy was used as the first-line of treatment for NSCLC. These results corroborate findings in previous studies and demonstrated similar outcomes for immunotherapy across races, thus reinforcing the value of observational studies in contributing to evidence-based knowledge and clinical decisions. It is recommended that access to immunotherapy is maintained across minority groups and nationally representative studies being conducted to generalize the finding across U.S. populations.
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Introduction

Cancer inequity is one of the most critical public health issues faced by ethnic minorities and people of lower socioeconomic status. The disparate burden of cancer is caused by poor access to care and inadequate delivery of cancer treatment, as well as comorbid and co-occurring conditions. Diabetes is a common and serious comorbid condition of cancer.



Methods

To better understand diabetes prevalence among diverse cancer patients, this study analyzed and described characteristics of cancer patients with diabetes from local-level Service Planning Area (SPA) data using City of Hope Comprehensive Cancer Center data, and United States national-level data from The National Health Interview Survey.



Results

Findings from national level data showed that patients in racial/ethnic minority groups had a higher occurrence of being diagnosed with diabetes, especially for non-Hispanic Blacks (OR=1.76, 95% CI=1.51, 2.03) and Hispanic/Latino individuals (OR=1.34, 95% CI=1.18, 1.52). Cancer patients who are older, ethnic minority, overweight/obese and with lower educational levels were more likely to have co-occurring diabetes. SPA-level patient data found similar results.



Discussion

In response to our findings and other reports, clinicians and health system including health coverage organizations should routinely assess cancer patients for cooccurring chronic illnesses, in particular diabetes. Interventions improving coordinated care that integrates oncology, endocrinology and primary care, targeting cancer patients --especially racial/ethnic minorities, overweight/obese, and older patients who are at increased risk for diabetes -- ought to be considered as best practice Whole Person care. With coordinated care management, ethnic disparities in cancer may be better addressed and reduced. Additionally, policymakers can contribute by enacting policies improving access to and coverage of integrated oncology, chronic disease prevention, and associated specialty care i.e., endocrinology to equalize quality care for ethnic minority, lower educated, overweight/obese and older cancer patients who are more likely to suffer greater comorbidity, and inadequate oncology and coordinated care to reduce disparities.
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Introduction

Cancer is a critical public health issue. In the United States, it is estimated that 1.9 million new cancer cases will be diagnosed and 609,360 deaths will be caused by cancer in 2022 (1).. As the second leading cause of death in this country, the direct medical costs and indirect costs of cancer are huge. In 2015, the medical costs related to cancer were $183 billion and would increase to $246 billion by 2030 (2). For cancer patients, the burden is increased with co-occurring comorbid illnesses. Comorbidity can be defined as “the existence of a long-term health condition in the presence of a major disease of interest” (3). Evidence suggested the prevalence of comorbidities would increase with the years of survivorship increasing (4). The development of comorbidities is also relevant to the type of cancer: patients with lung cancer, kidney cancer, and stomach cancer are more likely to have other comorbid conditions (4). Comorbid conditions can complicate the treatment and outcome of cancer that negatively impact health-related quality of life and survival (4).

Diabetes is one of the most common and serious comorbid conditions. Cancer and diabetes, especially Type 2 diabetes, have many risk factors in common, including age, race/ethnicity, overweight/obesity, physical inactivity, smoking, etc. (5). These risk factors make patients with cancer more vulnerable to diabetes and the effects of diabetes. Additionally, some cancer treatments, such as certain targeted therapy treatments and chemotherapy drugs, can accelerate the development of diabetes or aggravate the process of diabetes (6). Diabetes becomes an important factor for patients and providers to choose the proper cancer treatment (6). Previous research indicated the mortality of cancer patients with diabetes was higher than cancer patients without any comorbid conditions (7). Social vulnerability index (SVI) characterizes non-medical factors that can impact a patient’s cancer outcome. In the cohort of patients who underwent stem cell transplantation, Hispanic and Asian patients showed an association with SVI and 1-year non-relapse mortality (NRM), while non-Hispanic whites showed no association with SVI and 1-year NRM. These findings highlight the important social-environmental factors play in health outcomes following hematopoietic cell transplantation (HCT), specifically among different racial and ethnic groups (8). For cancer patients with diabetes, more comprehensive healthcare services, including other medical specialties i.e., endocrinology, are necessary to meet patients’ special needs.

Since race/ethnicity is a major risk factor for both cancer and diabetes, some racial/ethnic groups have a higher risk of developing both diseases. For example, compared to other racial/ethnic groups, non-Hispanic Blacks have higher mortality for many types of cancer (9). Non-Hispanic Black and Hispanic/Latino women also have a higher prevalence of cervical cancer than women of other racial/ethnic groups (9). Meanwhile, the rates of diagnosed diabetes among American Indians/Alaskan Natives (14.5%), non-Hispanic Blacks (12.1%), and Hispanics (12.1%) are higher than other racial/ethnic groups (10). Previous research has indicated Latina breast cancer survivors had a higher risk of developing Type 2 Diabetes than the general population and diabetes was most prevalent among Latina survivors aged over 65 years old (11, 12).

Although high-quality healthcare is critical for all patients, many patients with cancer have various barriers to accessing healthcare services, especially racial/ethnic minority patients. The 2019 National Healthcare Quality and Disparities Report found that compared to non-Hispanic Whites, all other racial/ethnic groups reported receiving poorer healthcare quality (13). Even given comparable backgrounds such as income level, educational level, and insurance coverage status, racial/ethnic minority groups were reported to have disparities due to language barriers, provider bias, etc. (2). Therefore, more efforts are needed to improve the health of the minority patients with cancer, which is also an important component of improving the overall public health.

Because of the number of minority patients residing there, Los Angeles (LA) County serves as an ideal setting to develop and test measures to improve overall public health Based on 2020 U.S. Census Estimates, 48.32% of the total population of Los Angeles County was Hispanic or Latino, 14.83% was Asian, and 8.07% was Black (14). In addition, previous research highlighted racial/ethnic disparities in cancer prevalence and diabetes prevalence in Los Angeles County (15, 16). With a highly diverse population, it is important for Los Angeles County to ensure health equality among racial/ethnic minority populations and help them access high-quality healthcare. However, limited studies focused on the racial/ethnic disparity of the development of comorbid conditions among cancer patients. Cancer patients in racial/ethnic groups, especially those with comorbid conditions, should have a higher quality of care.

To have a better understanding of current diabetes prevalence among cancer patients, this study analyzed and described the diabetes prevalence among cancer patients from Service Planning Area (SPA) level and the national level. A SPA is a specific geographic area divided by the Department of Public Health of LA County to help provide better public health and clinical services tailored to the specific health needs of the residents in those different areas (17). Results of this study can provide insights into the outcomes of cancer patients who also had diabetes as a comorbid condition. It will address the severity of disparities in Los Angeles County. With the awareness of disparities in prevalence, policymakers can develop tailored policies to improve the quality of care for minority patients.



Methods


Data Source

This study is a secondary data analysis study. For national-level data, we used The National Health Interview Survey (NHIS), which is a cross-sectional household face-to-face interview survey program (18). NHIS collected health-related information among civilian noninstitutionalized populations residing within the 50 states and the District of Columbia in the United States (18). The most recent one-year NHIS data 2021 was used in this research (19). In 2021 NHIS, totally, 30,673 households had been interviewed including 29,482 sample adults and 8,261 sample children; the total household response rate was 52.8% (20).

For SPA-level data, we used patient data collected from the City of Hope Comprehensive Cancer Center (COH) from January 2020 to September 2022. COH is a private, not-for-profit clinical research center, hospital and graduate school to provide treatment and care services for patients with cancer, diabetes, and other life-threatening illnesses (21). Currently, COH’s cancer clinics cover more than 35 locations across Southern California, the United States, and provide care services for giving thousands of patients (22). Patient data were collected by clinicians and organized by the Research Informatics team. Due to a different design from the national-level survey program, patient records of COH only provided limited information. Thus, not all variables used from patient record data were the same as those from the national-level dataset.



Measures

NHIS covers important health topics such as chronic diseases, health behaviors, health care status, use of preventive services, etc. The study population in this research is adults who have been diagnosed with cancer (any type). The dependent variable is the diagnosis of diabetes (any type) and the independent variable is self-reported race/ethnicity. Covariates included demographic characteristics (age, gender, marital status, educational attainment), healthcare coverage, BMI, and health behavior (tobacco use). NHIS questionnaire interviews the race and origin of participants and divides as Hispanic/Latino, Non-Hispanic White only, Non-Hispanic Black/African American only, Non-Hispanic Asian only, Non-Hispanic American Indian and Alaska Native (AIAN) only, Non-Hispanic AIAN and any other group, and Other single and multiple races. Though distinct groups that deserve focused attention, Non-Hispanic AIAN only, Non-Hispanic AIAN and any other group, and Other single and multiple races were merged into one category as Other Single and Multiple Races for statistical purposes only due to the small sample size. Cancer and diabetes diagnoses were self-reported on the survey questions: “Have you EVER been told by a doctor or other health professional that you had cancer?” and “Have you EVER been told by a doctor or other health professional that you had diabetes (Not including (gestational diabetes, prediabetes))” (23). Other covariate variables were recoded as age groups (18-34, 35-44, 45-54, 55-65, ≥65), marital status (married or live with a partner, other), educational attainment (did not graduate high school, graduated high school, attended college or technical school, and graduated from college or technical school), BMI (underweight, normal weight, overweight, and obese), tobacco use (current smoker, former smoker, and never smoker).

For SPA patient data, cancer diagnosis (any type) and diabetes diagnosis (any type) were reported by health professionals. Racial/ethnic information was self-reported and categorized as Hispanic/Latino, Non-Hispanic White only, Non-Hispanic Black/African American only, Non-Hispanic Asian only, and Other Single and Multiple Races. Covariate variables included in the patient record were age group (18-34, 35-44, 45-54, 55-65, ≥65), gender (female, male), healthcare insurance coverage (yes, no), BMI (overweight/obese, normal weight/underweight).



Data analysis

For national-level analysis, since descriptive estimates in this research were obtained from a subpopulation (patients with cancer), descriptive analyses were conducted using methods for analyzing complex sample design data (24). Second-order (Satterthwaite) Rao-Scott chi-square tests were conducted to explore associations between the diagnosis of diabetes and race/ethnicity. Weighted multivariable logistic regression models were conducted using PROC SURVEYLOGISTIC to test associations between dependent and independent variables after controlling for covariates (24). All analyses were conducted using Statistical Analysis Software (SAS), version 9.4 (SAS Institute Inc., Cary, NC).

Since only limited information was included in patient records, for SAP-level analysis, descriptive analysis was conducted to show the percentage in different categories.




Results


National level

There were 3,654 adults diagnosed with cancer in the 2021 NHIS survey program. Among them, 603 also reported that they were diagnosed with diabetes. Table 1A presents demographic characteristics (age, gender, marital status, and educational attainment), healthcare coverage, and health behaviors (tobacco use, alcohol consumption, physical activity) among cancer patients with diabetes by racial and ethnic category. Table 1B presents characteristics among cancer patients without diabetes by racial and ethnic category. Based on the results, at the national level, more cancer patients with diabetes were aged over 65, especially patients in the non-Hispanic Asian group, with a percentage of 85%. Non -Hispanic Asian patients had higher educational levels than patients in other racial/ethnic groups, approximately 48% of them graduated from college or technical school. On the other hand, Hispanic/Latino patients had lower educational levels than others, about 33% of them did not graduate from high school; only 4.5% of them reported graduating from college or technical school. Over 80% of patients in all racial/ethnic groups had healthcare insurance coverage; however, Hispanic/Latino patients reported the lowest proportions of health insurance coverage which was 93.1%. Abnormal BMI was an important character for patients: more than half of all patients were overweight or obese; participatory, about 80% of patients in non-Hispanic White, non-Hispanic-Black, and Hispanic/Latino groups were overweight or obese.


Table 1A | Cancer Patients with/without Diabetes Characteristics by Racial and Ethnic Category, NHIS 2021a,b.




Table 1B | Cancer Patients without Diabetes Characteristics by Racial and Ethnic Category, NHIS 2021a,b.



Table 2 shows the results of the multivariable logistic regression model assessing diabetes status as a co-occurring condition, which only included variables that were significantly associated with diabetes comorbidity. The overall Wald test suggested that all possible factors in the final model had statistically significant relations to diabetes comorbidity among cancer patients (F= 70.18, p<0.0001). Based on the results, age, race, gender, educational level, healthcare insurance coverage, BMI, and tobacco use were associated with diabetes comorbidity among cancer patients. Patients who are older, in minority groups, with lower educational levels would be more likely to be diagnosed with both cancer and diabetes at a statistical significance level. In addition, male patients were more likely to be diagnosed with cancer and diabetes (OR=1.25, 95% CI=1.11, 1.40). Cancer patients with abnormal BMI had significantly higher odds to co-occur with diabetes (overweight OR=2.01, 95% CI=1.70, 2.39; obese OR=3.89, 95% CI=3.31, 4.58). In terms of tobacco use, former smokers were more likely to develop diabetes (OR=1.20, 95% CI=1.06, 1.36). All ORs were adjusted.


Table 2 | Results of Multivariable Analyses Predicting Prevalence of Diabetes among Cancer Patients by Racial and Ethnic Category, 2021 NHIS a.



Table 3 presents the unadjusted odds ratio of diabetes diagnosis by racial/ethnic groups. Compared to non-Hispanic White cancer patients, patients in racial/ethnic minority groups had higher odds of being diagnosed with diabetes, especially for non-Hispanic Black patients (OR=1.76, 95% CI=1.51, 2.03) and Hispanic/Latino patients (OR=1.34, 95% CI=1.18, 1.52) with statistically significant higher odds.


Table 3 | Diabetes Prevalence by Racial and Ethnic Category, 2021 NHISa,b.





SPA level

Totally, there were 41,692 patients with cancer from 2020 to 2022. Among them, 3,644 patients were also diagnosed with diabetes. Table 4 presents the result of the descriptive analysis. Based on the results, the majority of cancer patients (86%) with diabetes were aged over 55 years old. There were more non-Hispanic White and Hispanic/Latino patients in the SPA dataset. In addition, most patients (87.7%) patients had healthcare insurance coverage. Also, more than 50% of them were overweight/obese.


Table 4 | Cancer Patients with Diabetes Characteristics, Patient Data.






Conclusion

Compared to non-Hispanic White cancer patients, cancer patients in minority groups have a higher rate of cooccurring diabetes. Based on national-level results, age, race, gender, educational level, healthcare insurance coverage, BMI, and tobacco use were associated with diabetes comorbidity. Particularly, cancer patients who are older, male, in racial/ethnic minority groups, with lower educational levels, and overweight/obese were more likely to develop diabetes as a comorbid condition. In addition, our SPA descriptive analysis results indicated similar status was found: more cancer patients with diabetes were older and overweight/obese.



Discussion

Cancer and diabetes are both serious chronic diseases that lead to huge economic and societal burdens. If patients with cancer developed other comorbid conditions, their medical burden would be increased. Previous studies mainly focused on improving care quality for patients with cancer or diabetes solely, not for patients with both diseases. To have a better understanding of current diabetes prevalence among cancer patients, this study analyzed and described the diabetes prevalence among cancer patients from SPA level and national level.

Results of national-level analyses addressed the importance of various social determinants and provided suggestions for future health policies as well as interventions. This study found educational attainment is significantly associated with the development of diabetes among patients with cancers. One possible reason is patients with lower educational levels face barriers to preventive care. Abnormal BMI is another factor that is significantly associated with the development of diabetes. Healthcare providers and caregivers should address the importance of maintaining normal weight for patients with cancer. In addition, since our study found Hispanic/Latino patients had lower percentages of having healthcare insurance, it is a possible reason for the high prevalence of diabetes among Hispanic/Latino patients. Patient data from the COH cancer center found similar results with national-level analyses, which suggested consistency.

Based on our results, we strongly recommend future public health policies focus more on improving the quality of Whole Person Care. Whole Person Care is patient-centered and aims to improve health outcomes and well-being that cover physical, behavioral, emotional, and social services through the optimal use of different resources (25). Whole Person Care program also aims to improve care coordination services, develop healthcare delivery infrastructure, strengthen the collaboration among providers and communities, and share important data between various healthcare delivery organizations (26). For vulnerable patients, such as patients in minority racial/ethnic groups and patients with low socioeconomic status, Whole Person Care can take patients’ complex needs into account and provide comprehensive, coordinated care responsive to patients’ co-occurring illnesses.

Programming focused on MediCal-eligible community members who were homeless, justice-involved, or pregnant, and those with serious mental illnesses, substance use disorders, or complex health conditions.

This study has some limitations. First, patient data only contains limited information. Variables such as educational attainment, marital status, and health behaviors were not collected. Therefore, only descriptive analysis was conducted using patient data. Future research will conduct more statistical analyses when using more comprehensive patient data. Second, the BMI information in the NHIS dataset was self-reported, which may lead to recall bias. We considered using the National Health and Nutrition Examination Survey (NHANES) data since it includes both interviews and physical examinations and physiological measurements are collected by highly trained medical personnel, which will be more accurate (27). However, the most updated NHANES data is 2017-March 2020 Pre-pandemic cycle. Future studies can use new NHANES data when it releases for more accurate BMI information. Third, NHIS has a general question asking if participants had ever been diagnosed with diabetes (any type) and also a question asking if it is Type 1 or Type 2 diabetes. The majority of patients with diabetes were Type 2 diabetes. Considering the impact of analyses caused by sample size and missing responses, this study used the previous NHIS question and analyzed data from patients with diabetes of any type. Future studies will focus on Type 2 diabetes only.

Patients with cancer can have a co-occurring illness as well as develop other comorbid conditions, that increases their medical burden and impact their daily life. Diabetes is one of the most common and serious conditions, especially for patients who are ethnic/racial minority, older, overweight/obese and/or lower educated. In response to our findings and other reports, clinicians and health system including health coverage organizations should develop interventions improving Whole Person, coordinated care that integrates oncology and primary care, especially targeting cancer patients from racial/ethnic minority groups. Additionally, policymakers ought to enact policies improving access to and coverage of integrated primary, oncology, specialty care i.e., endocrine, to equalize quality care for vulnerable patients – who are more likely to suffer greater comorbidity, and inadequate oncology and coordinated care – to reduce disparities. Policies should also focus on facilitating chronic disease prevention programming such as the diabetes prevention programs aimed at engaging racial/ethnic minority (i.e., non-Hispanic Black and Hispanic/Latino), older, overweight/obese and lower educated patients. For cancer patients with diabetes or pre-diabetes symptoms, culturally informed and linguistically appropriate information and care should be provided.
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The current economic crisis in Lebanon

Since the end of 2019, an accumulation of multiple nested crises has been occurring in Lebanon, starting with the political revolution against the corrupt government, to the COVID-19 pandemic, to the explosion of the port of Beirut in August 2020, and to the economic crisis, resulting in a totally bankrupt country. (1)

The economic crisis is mostly the result of long-lasting political corruption that further resulted in local currency depreciation in 2020. The Lebanese pound devaluation led to the ruin of the central national bank resulting in the destabilization of the healthcare system. The detrimental impact of the economic crisis on the national healthcare system reached three levels: the shortage of imported drugs, collapse of third-party payment systems, and migration of healthcare professionals such as nurses and physicians seeking better job opportunities abroad (2).



Lebanese healthcare system before the crisis

Lebanon has been consistently recognized as one of the most developed healthcare systems in the Middle East and North Africa through its world-renowned physicians and healthcare professionals. It has an excellent private hospital infrastructure and has always been a pioneer in applying innovative treatments and novel equipment. Additionally, almost total coverage of imported anticancer drugs by insurance companies and/or by the Ministry of Public Health offers all Lebanese cancer patients the latest generation of drugs and equity to access state-of-the-art healthcare (3).



Failure of solution implementation by the government

In an attempt to contain the economic crisis, the Central Bank issued, at the end of 2019, an interim measure to subsidize the importation of anticancer medications. To do that, it provided 85% of the foreign currency needed for drug importation at the previously established official exchange rate (LBP 1,500.00 for USD 1.00 instead of the current value of LBP 40,000.00) (4). However, with the continuous currency deterioration, the smuggling of subsidized medications from Lebanon to other countries, and the stockpiling of medications by individuals and local warehouses, the subsidization strategy has led to frequent stock depletion and delays in drug importation. In parallel, illegal trafficking of counterfeit drugs has benefitted from corrupt dealers in black markets. Patients’ desperate need for expensive drugs such as immune checkpoint inhibitors and antiangiogenesis has been exploited by mafia groups. Most patients, being aware of this situation, have had no choice but to succumb to obtaining drugs illegally.



Oncologists’ coping solutions

Currently, resilient oncologists who remain in the country are living a nightmare, facing a monthly reduction in their income and the impossibility of doing money transfers for renewing memberships or paying publishing fees secondary to the policy of capital control. However, to help overcome drug shortages and for the sake of their patients, oncologists are tempted by unorthodox approaches such as using on/off prescriptions, switching between different brands of the same drug class, using suboptimal drug dosages, and even deviating from the recommended mode of intake of some drugs.


On/off prescription policy

The on/off prescription policy means that patients are only able to take the drug when it is available. This strategy mainly applies to expensive oral targeted drugs such as cyclin-dependent kinase (CDK) 4/6 inhibitors, new generation antiandrogens, and tyrosine kinase inhibitors (TKIs), and also intravenous drugs such as antiangiogenetic agents and immunotherapy drugs. It is not clear how harmful the on/off policy is. In our current practice, we have encountered a huge number of patients with metastatic breast cancer treated with a combination of CDK 4/6 inhibitors and either aromatase inhibitor or fulvestrant, who were unable to maintain a daily therapy longer than 2 consecutive months because of CDK 4/6 unavailability. As described by Hurvitz et al., when patients stopped taking a CDK 4/6 inhibitor, such as abemaciclib, for more than 4 days, Ki67 rebounded in 69% of the tumors compared with patients who remained on the drug (5). This rebound effect was also described in the literature with different TKIs (6). The use of cabozantinib, for instance, a multi-TKI given for locally advanced rearranged during transfection (RET)-mutated medullary carcinoma (7), achieved a remarkable response when given to one of our patients for 3 consecutive months. However, the disease progressed locally after the drug stopped being taken due to its unavailability and was deemed refractory when drug intake was resumed after 4 months. Similar cases were seen in patients who had been receiving the new generation of antiandrogens, such as enzalutamide given for metastatic castrate-resistant prostate cancer.



Switching of brands in the same drug class

Switching brands based on accessibility is also being practiced, such as moving from one CDK 4/6 inhibitor to another in metastatic hormone-positive HER2 negative breast cancer, or by replacing enzalutamide with abiraterone acetate in metastatic castrate-resistant prostate cancer. These maneuvers, unlike biosimilars, are not recommended in the absence of any evidence of interchangeability between drugs with different mechanisms of action (8).



Use of suboptimal drug doses

Underdosage is also being implemented by oncologists as an attempt to reduce drug expenses. Indeed, multiple expensive cytotoxic drugs such as nab-paclitaxel, cabazitaxel, vinflunine, pemetrexed, and azacitidine have been subject to unrecommended dose reduction. However, coping with the recommended dosage or even intensified dosage has been reported to be more effective with cytotoxic drugs (9).



Deviation from the recommended mode of drug intake

Deviating from intake recommendations is also occasionally imposed. The oral anti-bcl2 venetoclax in relapsed chronic lymphocytic lymphoma (CLL) is recommended, starting with a ramp up schedule to avoid tumor lysis syndrome (10). Dosage is recommended to be increased weekly from 20 mg per day in the first week to reach 400 mg gradually. One of our CLL patients, a 60-year-old woman who was otherwise healthy, was being treated with multiple lines of chemotherapy and immunotherapy. Following this, salvage therapy with a combination of rituximab and venetoclax was prescribed according to the MURANO regimen (11). Venetoclax was not available, and so she received three cycles of rituximab alone, leading to a reduction in the volume of the tumor with the complete disappearance of palpable lymph nodes and normalization of the leucocyte count. However, the patient’s condition, her performance status, and her anemia did not improve. It was judged appropriate to introduce venetoclax, regardless of the cost. At our pharmacy, we found an abandoned 100-mg box of venetoclax that was still in date. We prescribed 100 mg of the drug to be taken every other day with a weekly escalation to reach 400 mg, with hydration and anti-uric acid precautions. However, the patient was admitted to the emergency room on the second day, after the first pill, with hyperkalemia, renal insufficiency, hyperuricemia, and pancreatitis. Fortunately, her symptoms were successfully managed during a 1-week stay at the intensive care unit after four hemodialysis sessions.




Future solutions and hopes

It is well known that the high price of anticancer drugs limits treatment options for patients, harming them and society, especially in economically developing nations where such drugs are unaffordable (12). Imported generics, cheaper than branded drugs, could help lower drug bills (13). Importation of generic drugs from cheap manufacturers, such as from India, could be an essential part of the solution once quality control is implemented (14). In addition, manufacturing oncology drugs in local factories could help save money, but this would be difficult to realize in the short term. Donations from non-governmental organizations (NGOs) or the United Nations (UN) could also be helpful. However, the priorities of developed countries are more oriented toward supporting the Ukraine population rather than other developing countries. (15)

The Ministry of Public Health must urgently face this challenging situation by defining a new policy for drug importation, taking into account the type of drug and the country of origin, and must also fight corruption and prevent smuggling, stockpiling, and illegal drug trafficking.



Conclusions

At present, Lebanese oncologists are extremely limited in their treatment options because expensive and essential oncology drugs are lacking. Standards of care are frequently not observed, putting cancer patients in critical and life-threatening situations. Attempts by oncologists to accommodate and circumvent drug shortages, based on good intentions and common sense but not on evidence, present more harm than solutions. However, until solutions are implemented by the Ministry of Public Health, this risky behavior remains unavoidable.
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Background

Beliefs about cancer influence breast and colorectal cancer (CRC) screening behavior. Screening rates for these cancers differ in the contiguous neighborhoods of East Harlem (EH), Central Harlem (CH), and the Upper East Side (UES), which have distinct socio-demographic compositions. We assessed the belief-screening behavior relationship in these neighborhoods.



Methods

The 2019 Community Cancer Needs Survey included adults eligible for breast and/or colorectal cancer screening. Raking was used to generate neighborhood-specific distribution estimates. Categorical variables were compared using Chi-square tests. Stepwise logistic regression models were used to estimate odds ratios (OR) and 95% confidence intervals (CI) for the association between cancer beliefs and screening.



Results

Our weighted sample included 147,726 respondents. Screening was 75% in CH, 81% in EH, and 90% in the UES for breast cancer, and 71%, 76%, and 92% for CRC, respectively. The fatalistic belief “There’s not much you can do to lower your chances of getting cancer” differed by neighborhood with screening more likely in CH respondents (breast OR =1.45 and colorectal OR =1.11), but less likely in EH (OR= 0.77 and 0.37, respectively). UES ORs were not generated due to too few unscreened respondents.



Conclusions

Cancer beliefs were inconsistently associated with breast and CRC screening across three NYC neighborhoods. This suggests that a given belief may either motivate or deter screening, depending upon context or interpretation. Once access is addressed, efforts seeking to enhance screening rates should consider implications of communities’ varying beliefs.





Keywords: cancer screening, breast cancer, colorectal cancer, community outreach, social determinansts of health



Introduction

Where we live can affect our lives’ trajectories (1). Its impact on environmental exposures, social and cultural realities, and the access and availability of services is well described (1–5). Less is known, however, about the impact of neighborhood on cancer beliefs and cancer screening behaviors, though prior research suggests variability across geographic regions distinguished by socioeconomic status (SES) and geographic isolation (6). The influence of neighborhood on cancer beliefs, screening, and health behaviors is relevant as cancer centers seek to better characterize and address the cancer prevention and control needs of their catchment areas (7), and as these areas expand to better capture geographic locales where patients live.

In the current study, we consider neighborhood in the context of cancer screening for breast and colorectal (CRC) cancers for which there are concrete recommendations (8, 9) and evidence that beliefs influence behavior (10–12). Screening rates for these cancers differ within and across the richly diverse neighborhoods of New York City (NYC). Here, we focus on Central Harlem (CH), East Harlem (EH), and the Upper East Side (UES) – contiguous NYC neighborhoods bordering our cancer center that vary in their racial and ethnic, SES, other social determinants of health compositions, and their cancer incidence and mortality rates (13). The latter is evident in the higher odds of developing cancer overall associated with living in CH or EH compared to the UES (14). For CRC, the age-standardized rate of new cases is higher in CH (43.3 per 100,000) and EH (41.4) compared to the UES (28.8) but lower for breast cancer in CH (144.5) and EH (129.7) than the UES (164.4) (15). The age-standardized mortality rate, however, is higher in the Harlem neighborhoods compared to the UES for both CRC (CH 39.7 per 100,000 and EH 35.8 vs. 23.6), and breast cancer (75.3 and 56.7 vs.42.3 (16).

Given the known differences in the distribution of racial/ethnic groups, SES, and breast and colorectal cancer outcomes across these neighborhoods, we examined the relationship between six Health Information Trends Survey (HINTS) cancer beliefs which capture respondents’ cancer risk perceptions (17, 18), including beliefs about cancer fatalism and screening, both overall and by neighborhood. We also assessed the relationship between sociodemographic factors, medical mistrust, and healthcare access with cancer screening behavior.



Materials and methods

A random sample of participants were recruited to complete the Icahn School of Medicine at Mount Sinai Community Cancer Needs Survey from two sources: 1) the Mount Sinai Health System electronic medical record (EMR) (N=598), including 18% with a history of cancer based on International Classification of Diseases coding; and 2) community outreach to the Tisch Cancer Institute at the Icahn School of Medicine catchment areas of CH, EH, and the UES (N = 604). Participants were eligible if they were ≥ age 18, spoke either Spanish or English, were able to provide informed consent, and resided in the following neighborhoods based on zip code: CH (zip codes: 10026, 10027, 10030, 10037, 10039), EH (zip codes: 10029, 10035), and the UES (zip codes: 10128, 10021, 10044, 10065, 10075). For recruitment, our target neighborhood distribution was 40% (N=500) each from EH and CH, and 20% from UES (N=200) to ensure strong representation from vulnerable communities. The original unweighted sample included 1,202 participants total, with 480 (40%) from CH, 498 (41%) from EH, and 224 (19%) from the UES.

Participants identified from the EMR were recruited using hard copy and email invitations during the first two months of recruitment. Thereafter, email invite was used given the similar response rate of ~3% across methods. Community outreach participants were recruited from faith-based organizations, health centers, community development and social service organizations, street fairs, parks, storefronts (e.g., supermarkets), public housing, subway and bus stops. All respondents took a 45-minute survey, either assisted or online; and received a $20 gift card for participation. Surveying occurred from April to September 2019.


Survey measures and cancer beliefs

The survey measured domains of: socio-demographics (e.g., age, gender, race/ethnicity, income, education, insurance), cancer screening, cancer beliefs, health information seeking behavior and access, healthcare access, health history, family history of cancer, general health status, and medical mistrust. In addition to HINTS, we used validated items from national surveys (i.e., Behavioral Risk Factor Surveillance System, National Health Interview Survey) (19, 20) as well as newly created or modified questions resulting in a 167-item survey.

We examined six cancer beliefs (17, 18), including four fatalistic questions: 1) “It seems like everything causes cancer”, 2) “There is not much you can do to lower your chances of getting cancer” 3) “There are so many different recommendations about preventing cancer, it’s hard to know which ones to follow”, 4) “When I think of cancer I automatically think of death”; and two non-fatalistic belief questions: 1) “Cancer is most often caused by a person’s behavior or lifestyle”, and 2) “I’d rather not know my chances of getting cancer.” All beliefs had the following responses: 1=strongly agree, 2=somewhat agree, 3=somewhat disagree and 4=strongly disagree. In analyses, we compared those who “agree” (combination of responses 1 and 2) to those who “disagree” (combination of 3 and 4). Mistrust was measured using a 6-item Group-based Medical Mistrust scale (21), with response values ranging 1= strongly agree to 5 strongly disagree, and scored (range 6-30) such that lower scores indicated greater mistrust.



Breast and colorectal cancer screening outcomes

Recommended screening was defined as having a mammogram within the past 2 years for women ≥40 years for breast cancer, and having blood stool screening in the past year or colonoscopy in the past 10 years for men and women ≥50 years for CRC.



Statistical analyses

We aimed to recruit individuals representing the census distribution for each neighborhood, however, our final sample distribution was not adequately representative. To obtain better representation of the base population, we combined the EMR and community data sources and then raked the entire dataset, applying population-based weights using data from NYC Health Atlas (22) to obtain estimates based on a cross-classification of age-sex-race-ethnicity-neighborhood factors. Raking, also known as sample-balancing, is an iterative post stratification method that weights the individual survey responses such that the marginal proportions of the survey approximate those of the base population (23, 24). Specifically in this iterative and sequential process, each row of the cross-classified factors are weighted so that the sample row totals are consistent with the totals of the base population. Next, each column of these data are similarly adjusted so that the column totals align with column totals of the base population (24). As a post stratification method, raking is thought to reduce nonresponse bias of the sample data, thereby improving the quality of the sample data (25). However, we acknowledge that raking does not account for or provide an unbiased sample for certain health factors (e.g., access to care) that may differ based on recruitment of participants from the EMR versus the community. We compared categorical variables using Chi-square tests, and estimated odds ratios (OR) and 95% confidence intervals (CI) for stepwise logistic models of the association between beliefs and receipt of screening and used P <0.25 as the threshold for retention in the model. For the forward stepwise analyses, we entered the following factors into the models: age, race/ethnicity, marital status, income, insurance, medical mistrust, general health status, usual source of routine care, difficulty understanding health care provider due to participant’s language, personal and family history of cancer, and cancer beliefs. Tables below include final model-specific factors obtained from stepwise regression.

The breast cancer screening model resulted in inconclusive results when all beliefs were entered into the model simultaneously. As such, the following two beliefs were excluded, as they were not statistically significant when evaluated with all other beliefs: “I’d rather not know my chances of getting cancer “and “When I think of cancer I automatically think of death”.

Multivariable models examining the cancer belief-cancer screening relationship by neighborhood were not feasible for all beliefs or for all three neighborhoods due to the lack of convergence for the UES. This is largely due to the relatively low number of UES respondents who did not receive recommended screening. As such, multivariable models of the cancer belief-cancer screening association were only examined for CH and EH. For the EH CRC screening model, we did not enter usual source of routine care as a covariate because 95% of the analytic sample had access to care. We also replaced income with education in the same model as only one individual in the unweighted data had an annual household income ≥$75,000 (the referent category) who did not adhere to recommended screening guidelines. As such, we could not generate sufficient weighted data for comparisons made in this particular analysis.

All analyses were conducted using Statistical Analysis Software (SAS) version 9.4.

This study was approved by the institutional review board of the Icahn School of Medicine at Mount Sinai.




Results

Descriptive factors, for the overall weighted sample (N=147,726) and each neighborhood, are summarized in Table 1. Looking at the latter breakdown, respondents in CH and EH were younger (56 and 57 years, respectively), compared to those in the UES (64 years), had lower annual household income (52% and 55% <$35K, respectively, compared to 10% in the UES) and education (39.7% and 38.6% with high school education or less, respectively, compared to about 2% in the UES), and a larger proportion were uninsured (10% in CH and 7% in EH vs. about 2% in the UES). In terms of the racial/ethnic majorities in each neighborhood, respondents were largely non-Hispanic Black (59%) in CH, Hispanic in EH (46%), and non-Hispanic White in the UES (90%).


Table 1 | Descriptive characteristics of survey respondents to a Community Cancer Needs Survey in Central Harlem, East Harlem, and the Upper East Side.



Additionally, a lower proportion of respondents in CH and EH reported their general health status as “excellent” or “very good health” (46% and 43% respectively), relative to those in the UES (56%). While most in all three neighborhoods reported a source of routine care (≥85% for all neighborhoods), difficulty understanding a health provider due to the respondents language was greater in CH (30%) and EH (27%) compared to the UES respondents (4%), and medical mistrust scores indicated greater mistrust in the Harlem neighborhoods (3.8 in CH and 3.9 in EH) relative to the UES (4.6). A lower proportion of respondents in CH and EH reported both a personal and family history of cancer compared to respondents in the UES. In terms of cancer beliefs, respondents in CH and EH reported more agreement with fatalistic cancer beliefs relative to those in the UES. With regard to screening, 75% of CH women reported having breast cancer screening, compared to 81% in EH and 90% in the UES, compared to 74% previously reported for NYC overall (26). For CRC screening, the distribution was 71% in CH, 77% in EH and 92% in the UES, compared to 69% previously reported among NYC the 69% noted here applies to all adults 50 and over, not just women overall (27).

Table 2 summarizes the multivariable modeling results for the relationship between four cancer beliefs and recommended breast cancer screening. Women who agreed “It seems like everything causes cancer” were more likely to be screened compared to those that disagreed (OR = 1.09, 95% CI: 1.04-1.15). A similar positive association was observed for those we agreed there are “too many recommendations, hard to know what to follow” (OR = 1.12, 95% CI: 1.07-1.18); and “Cancer is most often caused by behavior or lifestyle” (OR = 1.35, 95% CI: 1.29-1.42). The latter belief had the strongest point estimate of the belief-screening behavior associations examined. Women who agreed “There’s not much you can do to lower your chances of getting cancer” were less likely to be screened compared to those who disagreed with this fatalistic cancer belief. Women with less medical mistrust had a greater likelihood of screening (OR for every incremental increase in the score = 1.23, 95% CI: 1.20-1.26). Compared to non-Hispanic White women, Hispanic and non-Hispanic Black women were less likely to be screened in adjusted models, while women of Other race/ethnicity, which includes those from Asian/Pacific Islander, American Indian/Alaska Native, and multiracial backgrounds, were more likely than their White counterparts to be screened.


Table 2 | Multivariable logistic regression for association between cancer beliefs, and other factors, with recommended breast cancer screening among women ≥40 years.



Table 3 summarizes the multivariable modeling results for the relationship between all six cancer beliefs and recommended CRC screening. Among women and men age ≥50 years eligible for screening, most fatalistic cancer beliefs were associated with a reduced likelihood of screening. Here again, the strongest association was the belief “Cancer is most often caused by behavior or lifestyle”, though in the opposite direction than observed for breast cancer (OR = 0.59, 95% CI: 0.56-0.61). Less medical mistrust was similarly associated with a higher likelihood of CRC screening, while Hispanic, NH-Black, and Other race/ethnicity was associated with a reduced likelihood compared to those that are NH-White.


Table 3 | Multivariable logistic regression for association between cancer beliefs, and other factors, with recommended colorectal cancer screening among women and men ≥50 years.




Neighborhood

Results for the evaluation of beliefs in CH and EH are shown in Table 4.The belief that cancer is most often due to a person’s behavior or lifestyle was associated with a lower odds of recommended cancer screening for breast and CRC in both neighborhoods, though the association was strongest for CRC among EH respondents (OR = 0.42). A similar pattern and magnitude of association was evident for the belief “It seems like everything causes cancer” for both cancer screening outcomes and across neighborhood (OR range = 0.71- 0.74), though no estimate could be generated for CRC screening in EH. For both screening outcomes, the belief “There’s not much you can do to lower your chances of getting cancer” was consistently associated with a higher odds of screening in CH, but a lower odds of screening in EH. For all other beliefs, where estimates could be generated, the associations varied by neighborhood and cancer screening type. Notably, results by neighborhood from multivariable models included adjustment for race/ethnicity.


Table 4 | Multivariable logistic regression for association between cancer beliefs with recommended colorectal cancer screening in CH and EH.






Discussion

This analysis found that cancer beliefs inform guideline concordant screening behaviors for breast and CRC, and that there are important underlying socio-demographic and neighborhood-level differences in the relationships that require further study. Interestingly, we observed the strongest overall belief-screening behavior association for those that believe cancer is mostly due to behavior or lifestyle; which was associated with an increased likelihood of screening for breast cancer, but decreased likelihood for CRC. These findings highlight important opportunities for cancer centers to create cancer-specific screening interventions that are responsive to the nuanced needs and influences in a given catchment area.

HINTS cancer belief questions similar to those used in the current study have also linked cancer beliefs to cancer screening behavior for breast (10, 11) and CRC screening (28). For mammography among caregivers – defined as those providing care or making decisions for someone with a disability, or health or behavioral condition – those who would rather not know the likelihood of getting cancer were less likely to be screened compared to those that disagreed (11). In a separate study among Asian Americans, cancer fatalism was found to be a predictor of screening adherence for breast and cervical cancers (10), but non-adherence for CRC (12, 28). A prior analysis using four of the HINTS cancer belief questions used in the current study found that CRC fatalism was higher in Asians and Hispanic respondents vs. Whites (28). However, after adjustment for sociodemographic, health status and access information, and fatalistic CRC beliefs, Asians were more likely to adhere to CRC screening compared to White respondents (OR = 2.04) (28). The opposite pattern of association was found among Hispanic respondents, however, such that they were less likely to adhere to CRC compared to White respondents after adjustment for socio-demographic factors and fatalistic cancer beliefs (OR = 0.90) (28). Taken together, findings from prior studies – and our own – suggests SES and culture (29, 30) may have variable influence on cancer beliefs both across and within (10, 12) racial/ethnic groups, and that these beliefs differently influence cancer screening behavior (10). Cancer screening campaigns targeting neighborhoods where these groups reside will need to consider such nuances, as a one-size fits all approach will not address the cancer prevention and control needs of these communities.

The relationship between health beliefs and cancer screening behavior has been examined among racial and ethnic minority groups (12, 28, 29), finding racial and ethnic differences in cancer beliefs (10, 28, 31–33), cancer screening behavior (12, 28, 29), and variations in the association between beliefs and cancer screening behavior across these groups (10, 11, 28, 34–36). The independent and combined influence of socio-demographic factors, such as race and SES, have also been found to be important predictors of cancer beliefs (31). Prior studies have evaluated factors associated with health seeking behavior and health care utilization (37). However, such studies (36, 37) have not consistently captured other relevant factors that impact screening and health seeking behavior such as, access to health care (e.g., insurance), language barriers, demographic, and SES factors (37). This is meaningful given substantial research documenting differences in beliefs across race and SES, with the former having a stronger influence. In a study assessing four of the HINTS questions used in the current study, Black race was directly associated with negative cancer beliefs independent of and beyond SES as measured by income and educational attainment. Notably, SES only partially mediated the relationship between Black race and negative cancer beliefs (31). In the current study, however, associations between cancer beliefs with breast and CRC screening were independent of both race/ethnicity and SES factors.

Geographical differences in cancer beliefs and perceptions have also been observed. Appalachian states differed significantly from a nationally represented sample based on HINTS data on four of five HINTS cancer beliefs examined in the current study (6). Overall, these findings point to variations in cancer beliefs across, and within segments of the population that will be important to understand to meaningfully encourage and sustain cancer control and prevention efforts. This is particularly true in geographic areas defined by considerable differences in race, ethnicity, and SES, as is the case for the three distinct neighborhoods examined in the current study.

Targeted initiatives can successfully engage and improve outcomes. This was true of the NCI’s Colorectal Cancer Outreach and Screening Initiative, which increased both awareness, connection to care, and CRC screening in a national sample of racially, ethnically, and culturally diverse groups (38). In addition, identifying factors relevant across the cultural and socio-politically heterogeneous communities that makeup racial/ethnic subgroups (e.g., Hispanic/Latinx communities) will likely have the greatest impact on improving the cancer prevention and control disparities observed among them (39). These findings highlight the importance of truly targeted outreach. Successful engagement with different communities requires cancer centers to develop sensitive and specific approaches to outreach that take into account the influence of culture, beliefs, and sociodemographic factors on behaviors, including cancer screening. Our analysis of New York City neighborhoods with distinct racial, ethnic, and socioeconomic profiles demonstrates the need for more granularity in community needs assessments to help inform cancer prevention and control.

In the current study, we sought to better understand what drove the differential cancer belief-screening behaviors associations across Central and East Harlem. Specifically, we reexamined the dataset –weighted and unweighted data – to identify potential neighborhood-specific differences that might explain the observed findings. We found no evidence of errors, nor did reexamination help explain the observed differences. Our findings may instead reflect a lack of linearity in beliefs, such that a given belief can be both a motivator and barrier to screening in a particular context, or in this case, neighborhood. Additional research, particularly qualitative studies, are needed to directly assess and unpack the predictors of the likely intersection of cancer beliefs and screening behavior.

Limitations of this study include a low response rate among those recruited via U.S. mail and e-mail for those recruited through the electronic medical record, and the inability to assess response rates at the community level. Our ability to model neighborhood effects was limited due to the high correlations of sociodemographic factors and neighborhood. However, this feature of our dataset highlights the importance of capturing key differences of populations within a cancer center’s purview. In NYC, a city famous for its multi-cultural populace and close proximity of diverse peoples, identifying such differences and addressing them may hold the key to advancing equitable cancer care. Further, this was a cross-sectional study and we are unable to ascribe cause and effect of beliefs with screening behaviors (40, 41). Cancer screening rates across the two Harlem neighborhoods evaluated were relatively similar and this lack variability in screening rates may have limited our ability to detect meaningful differences in the cancer beliefs-screening behavior relationship across neighborhoods, particularly for those with lower screening rates. Rates of screening behaviors were based on self-report, which have been described as an accurate measure (40, 42, 43). Strengths include use of validated survey items to access cancer beliefs as well as factors relevant to the community’s awareness and needs as it relates to cancer services; these survey instruments also allowed for comparison with prior findings. Additionally, we used statistical methods (i.e., raking and weighting) to expand the representativeness of our data to align with the distributions found in the examined neighborhoods. Finally, this study adds to the understanding of the role of cancer beliefs in screening behavior by considering previously studied socio-demographic factors along with neighborhood dynamics. Our findings are consistent with prior research identifying differences in cancer perceptions and beliefs in rural vs. non-rural communities (6); all of which suggests that cancer belief assessments may be valuable tools for better understanding barriers and facilitators of cancer screening in these communities.

Our findings suggest that targeted initiatives to increase cancer screening need to consider structural impediments (e.g., access to care), as well as community-specific beliefs about cancer that influence behavior. Such initiatives might include using data obtained from the regular assessment of community-level cancer beliefs to inform the development of cancer screening awareness materials and advertisements, as well as campaigns designed to connect the community to cancer screening opportunities. In the next phase of this work, larger studies are needed to expand the evaluation across neighborhoods to understand how this environment and its characteristics – the settings in which communities cultivate their beliefs, behaviors, and health – influence cancer beliefs. Investments towards understanding communities, particularly those at high risk for poor cancer outcomes, through such work will better inform development of equitable approaches to improving screening and other cancer detection and control objectives.
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Globally, breast cancer is the leading cause of cancer deaths, accounting for 15.5% of female cancer deaths in 2020. Breast cancer is also the leading cause of female cancers in South Africa. The rapid epidemiological transition in South Africa may have an impact on the trends in breast cancer mortality in the country. We therefore evaluated the trends in the breast cancer mortality in SA over 20 years (1999–2020).


Methods

Joinpoint regression analyses of the trends in crude and age-standardized mortality rates (ASMR) of breast cancer among South African women were conducted from 1999 to 2018 using mortality data from Statistics South Africa. Age–period–cohort regression analysis was then conducted to evaluate the independent effect of age, period, and cohort on breast cancer mortality, and analysis was stratified by ethnicity.



Results

The mortality rate of breast cancer (from 9.82 to 13.27 per 100,000 women) increased at around 1.4% per annum (Average Annual Percent Change (AAPC): 1.4%, 95% CI:0.8–2.0, P-value< 0.001). Young women aged 30–49 years (1.1%–1.8%, P-value< 0.001) had increased breast cancer mortality. The risk of breast cancer mortality increased among successive birth cohorts from 1924 to 1928 but decreased among recent cohorts born from 1989 to 1993. In 2018, the breast cancer mortality rate among Blacks (9.49/100,000 women) was around half of the rates among the non-Blacks. (Coloreds: 18.11 per 100,000 women; Whites: 17.77/100,000 women; Indian/Asian: 13.24 per 100,000 women).



Conclusions

Contrary to the trends in high- and middle-income countries, breast cancer mortality increased in South Africa especially among young women. Breast cancer prevention programs should be intensified and should also target young women. The marked disparity in ethnic burden of breast cancer should be considered during planning and implementation of interventions.





Keywords: APC analysis, age period cohort analysis, breast cancer mortality rate, ethnic disparity of cancer, female cancer trends, gynecological cancer trends, join point regression, South Africa



Introduction

Globally, breast cancer is the leading cause of cancer deaths, accounting for 15.5% of female cancer deaths in 2020 (1). In high-income countries (HIC), the age-standardized incidence rates of breast cancer are very high as compared with the rates in low- and middle-income countries (LMICs) (1). Nonetheless, the 5-year survival rate of breast cancer exceeds 90% in HICs but is much lower in LMICs (30%–60%) (1). The noted disparity is related to variation in the prevalence of etiological factors, cancer screening facilities, stage at presentation, and access to treatment (1, 2). In South Africa, breast cancer had the second highest national ASMR of 16.0 per 100,000 women after cervical cancer (1).

The etiology of breast cancer is a complex interaction between hormonal, reproductive, and environmental factors (1, 3, 4). Additionally, smoking, prolonged use of oral contraceptive pills, and ethnicity have been associated with breast cancer burden (1, 3–5). Furthermore, genetic predisposition, positive family history, chronic exposure to estrogen such as delayed age at first pregnancy, early menarche, low parity, and short-term breastfeeding practices have been implicated in the evolution of breast cancer (1, 3–6).

South Africa is a middle-income multiethnic country (7, 8). Since the commencement of multiethnic democracy in 1994, the successive South African government promoted policies aimed at reducing socioeconomic inequality and increased access to sexual and reproductive health (SRH) services among the various ethnic groups (9, 10). Hence, current evidence of ethnic disparity in the trends and burden of breast cancer in South Africa can be useful in developing targeted interventions (11). The current epidemiological and health transition in South Africa has led to increased prevalence of obesity, westernization of diet, sedentary lifestyle, and changes in reproductive behavior (such as reduced parity and increased use of COCPs) (12). South Africa has one of the highest prevalences of human immunodeficiency virus (HIV) globally. Although HIV is not implicated in the evolution of breast cancer, studies reported worse survival among HIV-positive women (2).

Cancer surveillance and trend analyses are useful for providing evidence to aid immediate and long-term cancer control efforts (7, 13–16). A useful statistical tool for objectively evaluating cancer trends to inform policy is joinpoint regression modeling. Joinpoint regression modeling can assist to quantify statistically significant segmental and overall trends. Age–period–cohort (A–P–C) modeling is another very useful trend analytic tool for disentangling the impact of age, period, and birth cohorts on cancer trends. It is believed that age (“age effect”) can have a biological impact on the risks of many diseases. Thus, evaluating age-specific risks of cancers is important. Furthermore, “period effect” is the impact of public health interventions or population-level policies that can affect the overall risk of diseases among all age groups over a period of time. Some public health initiatives in South Africa such as expansion and easy access to oncological services, commencement of large-scale rollout of free anti-retroviral treatment (ART) in 2004, the implementation of the World Health Organization Framework Convention on Tobacco control from 2005, and the initiation of national breast cancer control policies can cause a "period effect" in the temporal trends in breast cancer mortality in South Africa. A group of people who were born around the same time tend to have a similar exposure to common biological, social, and economic events and may also have a similar reproductive behavior. Such “cohort effect” may lead to unique or cohort-specific risks of a disease. However, majority of national studies on the mortality trends of breast cancer in South Africa and other Sub-Saharan African (SSA) countries did not utilize the joinpoint and A–P–C modeling techniques (11). South Africa is one of the only three countries in Sub-Saharan Africa with a comprehensive civil registration and vital statistics system (CRVS) that can be utilized for research to improve the health needs of the people (17). We therefore aimed to evaluate the trends in breast cancer mortality in South Africa and stratified by ethnicity over a 20-year period (1999–2018) by utilizing both joinpoint and A–P–C regression modeling techniques.



Materials and methods

This study is a temporal trend analysis of breast cancer deaths in South Africa from 1999 to 2018. South Africa is a multiracial middle-income country with an estimated population of 57.79 million in 2018, and around 51% were women (8). In 2018, the proportion of women by population group was as follows: Blacks (Black Africans) (80.4%), Coloreds (mixed ancestry) (8.9%), Whites (European descent) (8.3%), and Indians/Asians (2.4%) (18).


Data source

Data on breast cancer mortality were obtained from the vital statistics records as collected and published by Statistics South Africa (Stats SA). By law, it is mandatory for all deaths in South Africa to be reported to the Department of Home Affairs (DHA) (18). Causes of death were coded by experienced staff of Stats SA using the International Classification of Diseases, Tenth Revision (ICD-10) (19). The code for the underlying cause of death for female breast was ICD10, C50 (11, 20, 21).

The population denominators for calculating the mortality rates were the mid-year population estimates of women (≥15 years) stratified by ethnicity and 5-year age group, as obtained from published data of Stats SA from 2002 to 2018. The annual mid-year population estimates for 1999–2001 were obtained by assuming the constant inter-census rate and increment between two South African population census of 1996 and 2001.



Data quality

The vital registration methodology and records of South Africa have been internationally adjudged to be comprehensive (17). Joubert et al. found that civil registration of South Africa is satisfactory in terms of coverage, completeness of death registration, temporal consistency, age/sex classification, timeliness, and subnational availability (20). The Stats SA data are at present the only source of nationally representative cancer mortality records in South Africa.


Ethical considerations

Ethical approval for the conduct of this study was obtained from the Human Research and Ethics Committee (Medical) of the University of the Witwatersrand (clearance certificate number: M190544). Anonymized data with no risk of re-anonymization were utilized.




Statistical analysis

Data were imported into Stata version 16 (StataCorp, USA) statistical software for statistical analysis. Data validation and data cleaning were done. Descriptive statistics such as frequency and mean (± standard deviation) were analyzed. The annual proportion of breast cancer in relation to all women and gynecological cancer mortality was calculated.



Annual crude and age-standardized rates

The annual crude mortality rate (CMR) was calculated by dividing the annual breast cancer mortality among women aged ≥15 years by the mid-year female population (≥15years). The calculation was stratified by ethnicity (Whites, Coloreds, Blacks, and Asian/Indians) from 1999 to 2018.

Age-specific mortality rate was also calculated by dividing the cumulative age-stratified mortality of each 5-year age group (15–19, 20–24, 25–29…….75+) by cumulative age-stratified mid-year population of each age category. The annual age-standardized mortality rates (ASMR) were calculated using the direct method of standardization, and the Segi world standard population was the weighted population.

	

where ai is the age-specific rate of the i th 5-year age group and wi is the corresponding number of persons (or the weight) in the same 5-year age group i of the Segi world standard population.

The standardized rates were stratified by ethnicity. All rates were expressed per 100,000 women.



Joinpoint regression modeling

A joinpoint regression analysis of the trends in the overall cancer mortality of breast cancer (stratified by ethnicity and age groups) was performed with the Joinpoint Regression software, version 4.9.0.1 (Statistical Methodology and Applications Branch, Surveillance Research Program, National Cancer Institute, Bethesda, MD). The Joinpoint Regression software fit a Poisson regression in which ln(rate) is the outcome and the year of occurrence is the explanatory variable. Log-linear modeling with four maximum joinpoints and 4,499 Monte Carlo permutation tests were conducted for each of the trends in ASMR.

The equation of the joinpoint trend is: (22–24)

 

where β = coefficient of the calendar year, ln = natural logarithm, and C = constant (or intercept)

The annual percent change (APC) of the cancer rates between a previous calendar year “X” and the next calendar year “X+1” is

 

From Eq. (i),

	

	

where e = 2.7

The APC is equivalent to the Average Annual Percent Change (AAPC) if there are no joinpoints. However, when there are joinpoints, the segmental APC (with 95% confidence interval, CI) was calculated and the AAPC was iteratively calculated as a weighted average of all the segmental APCs. Conventionally, a positive or negative AAPC (or APC) with P-value<0.05 was taken as a statistically significant increased or decreased trend. If the P-value of the AAPC was >0.05, the trend is taken as a non-significant increased or decreased trend. If the AAPC is between -0.5 and + 0.5 with P-value >0.05, the trend is reported as stable.



Age period cohort modeling of breast cancers

A–P–C modeling has been used by social scientists, demographers, and epidemiologists to assist in understanding the impacts of age, period, and birth cohort on the trends in prevalence of social, demographic, or disease outcome or rates. This modeling technique assists to disentangle the effect of chronological age (age effect), from “period effect” (impact of improvement in public health interventions, screening, diagnostic tools, and treatment modalities over time) and “cohort effect” (influence of socio-behavioral and reproductive characteristics and environmental impact on the health outcomes of a cohort of people that were born at the same time) (25–29).

Arithmetically, the relationship between age, period, and birth cohort is given as

Age = period (year of event) – cohort (year of birth). (or birth cohort = period – age) …(iii)

However, the A–P–C model assumes a Poisson distribution of the mortality rates (dependent variable) with age, period, and birth cohort as the covariates/independent variables.

The general equation of the A–P–C model is expressed as

 

where Y is the breast cancer mortality; X1, X2, and X3 are the age period and birth cohort with their corresponding effect estimates of α, β, and γ, respectively; α0 is the intercept; and ε is the residual.

Indeed, the natural logarithm of the mortality rates in Eq. (iv) becomes a linear or additive function of age, period, and birth cohort as expressed thus:



where

E[Mij] represents the expected mortality rate at 5-year age group i (15–19, 20–24, 25–29….75+ years) and period j (1999–2003, 2004–2008, 2009–2013, 2014–2018); Dij and Pij are the number of deaths and corresponding population size in the i age group and the j period, respectively.αi represents the age effect in the age group I; βj denotes the period effect during a j period, γk corresponds to the cohort effect among the kth (k =i+j–1) birth cohort, and μ is the intercept.



Identifiability problem

The above arithmetic equation (iii) of the relationship between age, period, and cohort shows a perfectly linear relationship or linear dependency with inherent problem of collinearity when all of age, period, and birth cohort are added as covariates during the Poisson regression modeling of mortality rates. Therefore, reliable unique estimates for each of age, period, or cohort will ordinarily be difficult to obtain from the regression model because the covariate matrix will not be full-rank. This phenomenon is known as “identification” problem. Multiple methods have been proposed to circumvent the identification problems, but each has its merits and demerits (25). The methods proposed for “overcoming” the “identification” problems broadly entails the application of constraints on one of period, cohort, or both, and utility of estimable function techniques (25). Holford proposed and validated the estimable function algorithm by proving that if age, period, and cohort trends are orthogonally decomposed into linear and non-linear parts, many useful functions and estimates will be produced. To address the identification problems, we utilized the age–period–cohort webtool (Biostatistics Branch, National Cancer Institute, Bethesda, MD, USA). (Age Period Cohort Analysis Tool (cancer.gov) with accompanying R Studio codes (https://github.com/CBIIT/nci-webtools-dceg-age-period-cohort) as developed by Rosenberg et al. to produce estimable parameters of the A–P–C of the trends in breast cancer mortality. The webtool utilized the weighted least squares estimator (26).

Before the A–P–C analysis, data of breast cancer mortality were further prepared. Age was categorized into 5-year age groups from 15 to 75 years (15–19, 20–24, 25–29, 30–34 years, 35–39, 40–45,……75 years and above), and the year of mortality (calendar period) was also categorized into 5-year categories from 1999 to 2018 (1999–2003, 2004–2008, 2009–2013, 2014–2018). A Lexis matrix was then formed with age category of the mortality data as columns and the corresponding period as rows (the diagonal represents the corresponding birth cohort). The corresponding population at risk was also calculated for each age group and period. The above A–P–C data preparation was done for each of breast cancers and then stratified by ethnic groups (Blacks, Whites, Coloreds, and Indian/Asian). These data were then imputed in turn into the A–P–C webtool (26).

Several estimates are obtainable from the A–P–C regression modeling webtool (26). However, we reported the following: (1) net drift, which is equivalent to the overall log-linear trends after adjusting for period and cohort effect—net drift is also equivalent to the AAPC of the mortality trend; (2) local drift, which is equivalent to the APC of mortality trends in each age group; (3) longitudinal age-specific rates (longitudinal age-specific rates in the reference cohort, adjusted for period deviations, i.e., age trend + period trend); (4) cross-sectional age-specific rates (age trend − period trend); (5) cohort effect rate ratio; and (6) period effect rate ratio. The default (middle value) references for the period and cohort estimates were 2004–2008 and 1959–1963, respectively. Wald’s test of statistical significance, including the 95% CI of all the estimates, was also reported. Conventionally, the dominant patterns of the trends in the estimable parameters are descriptively reported. Afterward, the pattern is confirmed or further described based on the P-value and 95% CI of the estimates. A two-tailed test of significance was assumed, and P-value< 0.05 was taken as a statistically significant level. Analysis was conducted in both Stata (StataCorp, TX, USA) version 16 and R version 3.6.3 (R Foundation, Vienna, Austria).




Results

During the 20-year period from 1999 to 2018, 4,386,517 deaths were reported among South African women who were 15 years and older. Of these female mortalities, around 8.24% (95% CI: 8.21%–8.26%, n = 361,449) were cancer-related mortalities. Deaths due to breast and gynecological cancers constituted around 37.39% (95% CI: 36.83%–38.13%, n = 134,778) of the cancer mortalities among women in the country. Breast cancer (n = 58,628, 41.27%, 95% CI: 41.01%–41.54%) was responsible for around 41.27% of breast and gynecological deaths. The proportion of breast and gynecological cancer deaths due to breast cancer appears to be stable during the study period (Table 1).


Table 1 | Trends in the mortality rates and mean age at death of breast cancer in South Africa (1999–2018).




Trends in breast cancer mortality in South Africa, 1999–2018

Mortality from breast cancer increased from 1,848 in 1999 to 3,790 in 2018 (Figure 1A; Table 1).




Figure 1 | Trends in national and ethnic annual deaths (A), age-standardized rates (B), and crude mortality rates (C)of breast cancer in South Africa (1999–2018).



The ASMR of breast cancer was second highest behind cervical cancer (Figure 2), and it increased from 9.8 deaths per 100,000 women in 1999 to 13.3 deaths per 100,000 women in 2018 at an average increase of 1.4% per annum (AAPC: 1.4%, 95% CI:0.8–2.0, P-value< 0.001) (Table 1; Figure 1).




Figure 2 | Trends in age-standardized mortality rates of breast and Gynaecological cancers in South Africa from 1999 to 2018.



Joinpoint regression analysis of breast ASMR showed two trends: the first was a steep rise in ASMR at around 5.9% per annum from 1999 to 2004 (APC: 5.9%, P-value<0.001) and then a slow increase at 0.5% per annum from 2004 to 2018 (APC: 0.5%, P-value< 0.001) (Figure 3; Table 2).




Figure 3 | Joinpoint regression of national trends in age-standardized mortality rates of breast cancer in South Africa (1999–2018).




Table 2 | Joinpoint regression estimates of the trends in National and Ethnic age-standardized mortality rates of breast cancers in South Africa (1999–2018).





Ethnic trends of breast cancer mortality

Blacks followed by Whites had the highest annual number of breast cancer deaths throughout the study (Figure 1A; Supplementary Table 1). In 2018, the Colored ethnic group (18.11 per 100,000 women) had the highest breast cancer ASMR followed closely by the Whites (17.77/100,000 women) and Indian/Asians (13.24 per 100,000 women). The breast cancer ASMR among Blacks (9.49/100,000 women) was around half the rates among Coloreds or Whites in 2018 (Figure 1B; Supplementary Table 1). All the ethnic groups had varying increases in ASMR with Blacks (AAPC: 3.3%, P-value< 0.001) and Coloreds (AAPC: 2.7%, P-value< 0.001) having the highest increase, whereas Indian/Asians (AAPC: 1.3%, P-value< 0.001) and Whites (AAPC: 0.7%, P-value<0.001) had relatively lower increased rates. The joinpoint regression further showed that Blacks (APC: 5.0% vs. 3.0%) and Indian/Asians (APC: 24.3% vs. 0.6%) tended to have a reduction in the APC of breast ASMR between 2005 and 2018 as compared with the APC of the previous period (1999–2005), whereas Coloreds (APC: -3.5% vs. 3.4%) and Whites (APC: -1.9% vs. 1.1%) had higher annual rates of increase in the later periods of 2005–2018 (Figures 1C, 4A–D; Table 2).




Figure 4 | Joinpoint regression trends in age-standardized mortality rates of breast cancer in South Africa (1999–2018) for Black (A), White (B), Indian/Asian (C), and Colored (D) ethnic groups.





Trends in mean age- and age-specific rates of breast cancer

In 2018, the mean age at death from breast cancer in South Africa was 59.98 ± 15.67 years and had been between 59 and 60 years during the study period (1999–2018) (Table 2). In 2018, the youngest mean age at death from breast cancer occurred among the Blacks (56.00 ± 15.36 years) whereas the average age at death among the Whites occurred around 11 years later (67.40 ± 15.28). Indian/Asians (63.94 ± 14.21 years) and Coloreds (60.63 ± 13.51 years) had a slightly lower mean age at death as compared with the Whites. The mean age at death from breast cancer slightly increased among all the ethnic groups (Whites: from 65 to 67 years; Indian/Asians: from 60 to 63 years; Coloreds: from 57 to 60 years; Blacks: from 55 to 56 years) over the study period (Supplementary Table 1).



Age-specific death rates

In 2018, the age-specific death rates of breast cancer increased with increasing age. Breast cancer mortality rates were lower than cervical cancer rates from 15 years till 60–64 years and then became the highest afterward to reach a peak at 75 years and above (Figure 5A; Supplementary Table 2).




Figure 5 | (A) Comparison of the overall age-specific death rates in 2018 in South Africa from breast, cervix, and ovaries. Figure 5 (B). Age-specific death rate by ethnicity for breast cancer in 2018.





Age-specific death rate of breast cancer by ethnicity, 2018

In 2018, mortality rates of breast cancer increased with increasing age among all the four ethnic groups. Of the four ethnic groups, mortality was reported only among young Black women aged 15–24 years but the Black women had the lowest mortality rate from age 50 to 54 years. The Whites, Coloreds, and Indian/Asians had breast cancer mortality from 25 to 29 years, whereas Whites and Coloreds had the highest age-specific rates throughout all the age groups. The Indian/Asians had the lowest mortality rates till age 50–54 years, after which the rates increased and was close to the rates among Whites and Coloreds (Figure 5B; Supplementary Table 2).



Joinpoint trends in the overall age-specific mortality rates of breast cancer, 1999–2018

Young women aged 15–24 years had non-statistically significant breast cancer trends. Except for women aged 25–29 and 50–54 years who had stable trends (APC: 0.5%, P-value > 0.05), other women aged 30 years and older generally had an increased annual mortality rate of breast cancer (AAPC range: 0.5% to 2.0%, P-value< 0.05) from 1999 to 2018 (Figures 6, 7; Supplementary Table 3).




Figure 6 | Joinpoint trends of age-specific death rates of breast cancer in South Africa. 1999–2018, among 19–34-year-old (5-year group).






Figure 7 | Joinpoint trends of age-specific death rates of breast cancer in South Africa, 1999–2018, among 35–49-year-olds (5-year group).



Women aged 45–49 years had a rapid increase in mortality rates (APC: 4.9%, P-value< 0.001) between 2004 and 2018, whereas women aged 70 years and older had stable trends during a similar period (Supplementary Table 3; Figures 7–9).




Figure 8 | Joinpoint trends of age-specific death rates of breast cancer in South Africa, 1999–2018, among 50–64-year-olds (5-year group).






Figure 9 | Joinpoint trends of age-specific death rates of breast cancer in South Africa, 1999–2018, among 65 years and above (5-year group).





Joinpoint trends in the ethnic age-specific mortality rates of breast cancer, 1999–2018

Joinpoint regression modeling of the age-specific death rates of breast cancer revealed that Black teenagers (aged 15–19 yeas; AAPC: 0.6, P-value = 0.8) and young women aged 20–24 years (AAPC: -2.1, P-value = 0.3) respectively had nearly stable trends and a non-significant decline in breast cancer mortality rates from 1999 to 2018. All Black women aged 25 years and older had increased breast cancer death rates (AAPC range: 1.6% to 4.2%, P-value< 0.001) (Supplementary Figure 1; Supplementary Table 3).

There were few data points among young Whites, Indian/Asians, and Coloreds below 24 years. Thus, the conclusion from the joinpoint regression among these age groups was not reliable. From 1999 to 2018, there was a non-significant decline in breast cancer mortality rates among young Indian/Asians aged 25–34 years (AAPC -1.9 to -1.1, P-value >0.05) whereas there was a non-statistically significant rise in mortality rates among women aged 35–44 years (AAPC: 0.6 to 3.5, P-value > 0.05), 50–54 years (AAPC: 1.5, P-value = 0.3), 60 years and older (AAPC range: 1.0 to 2.0, P-value > 0.05), Indian/Asian aged 45–49 years (AAPC: -0.1, P-value = 1.0) (Supplementary Figure 2; Supplementary Table 3).

From 1999 to 2018, Colored women aged 25–44 years and 50–54 years (AAPC: 1.3 to 1.9, P-value >0.05) had non-statistically significant increased rates whereas women aged 45–49 and 55 years and older (APC range: 2.2 to 6.6, P-value< 0.001) had statistically significant increased mortality rates (Supplementary Figure 3; Supplementary Table 3). From 1999 to 2018, White women aged 30–44 years and those who were 75 years and older (APC range: 0.9%–5.6%, P-value< 0.001) had statistically significant increased mortality rates whereas Whites aged 50–69 years (AAPC: -0.3% to 0.6%, P-value >0.05) had approximately stable rates. However, Whites aged 45–49 (AAPC: 1.0%, P-value = 0.1) and 70–74 years (AAPC: 0.8%, P-value = 0.1) had non-significant increased rates. Young White women aged 25–29 years (AAPC: -2.1%, P-value = 0.3) and older women aged 50–54 (AAPC: -1.7%, P-value<0.001) respectively had a non-statistically significant decline (Supplementary Figure 4; Supplementary Table 3).



Age period cohort analysis of overall and ethnic trends in breast cancer mortality


Local and net drift

After correcting for cohort and period effects, the overall net drift (similar to AAPC) of breast cancer mortality trends over the study period (1999–2018) was around 1.47% per annum (95% CI: 0.91%–2.04%). (Figure 10A; Supplementary Table 4). There was a positive net drift among all the ethnic groups with Blacks (4.55%, 95% CI: 3.94% to 5.16%) having the highest drift followed by the Coloreds (2.46%, 95% CI: 1.30% to 3.62%), Whites (0.83%, 95% CI: -1.13 to 2.82), and Indian/Asian (0.53%, 95% CI: -1.79 to 2.91) (Supplementary Table 5; Figure 10A). The net drifts of the trends in breast cancer mortality for the overall (P-value< 0.001), Blacks (P-value< 0.001), and Coloreds (P-value< 0.001) were statistically significant, whereas the net drifts for Whites (P-value = 0.41) and Indian/Asians (P-value = 0.66) were not statistically significant (Table 3).




Figure 10 | (A) Overall and ethnic net drifts of breast cancer mortality in South Africa (1999–2018). (B) Overall and ethnic local drifts of breast cancer mortality in South Africa (1999–2018).




Table 3 | Wald Chi-square test for estimable functions of the age period cohort model in the overall and ethnic trends of breast cancer mortality in South Africa (1999–2018).



The overall local drift of breast cancer is<0 (although insignificant) for women younger than 25 years, and women older than 24 years had positive local drifts, with women aged 30–39 years and 75 above having drifts >2% (Supplementary Table 4; Figure 10B; Supplementary Figure 5). Young Blacks (<20 years) and Whites (<30 years) had insignificant local drifts below 0. However, Blacks (from 2.01% to 5.6%) and Coloreds (1.59% to 3.86%) generally had the highest positive local drifts that slightly increased with age from 20 years. Whites and Indian/Asians generally had low positive local drifts, but Whites aged 50–59 years and Indians/Asians aged 40–59 years had negative drifts (Figure 10B; Supplementary Figures 6–9; Supplementary Table 5).



Age effect

Based on the longitudinal/cross-sectional age curve, the relative risk (RR) of overall and ethnic breast cancer mortality increased with age, portraying a J-curve with a steep increase in risk from 70 years (Figure 11A; Supplementary Figure 5; Supplementary Table 4). Blacks (0.018, 95% CI: 0.008–0.042) and Indian/Asians (0.030, 95% CI: 0.001–1.664) had the least and second lowest RR at 15–19 years, but the Blacks’ RR (214.30 95% CI: 184.84–248.46 at >74 years) and Indian/Asians’ RR (116.83, 95% CI: 86.81–157.25 at >74 years), respectively, became the second highest and the least from 65 years. Coloreds (0.033, 95% CI: 0.003–0.315) and Whites (0.042, 95% CI: 0.002–0.730), respectively, had the third highest and highest RR at 15–19 years, but the Coloreds’ RR (283.04 95% CI: 239.51–334.49 at >74 years) and Whites’ RR (179.03, 95% CI: 157.22–203.87 at >74 years) became the highest and third highest from 45 years (Supplementary Table 5; Figure 11A; Supplementary Figures 6–9).




Figure 11 | Ethnic and national breast cancer mortality risk ratio in South Africa due to (A) age, (B) period, and (C) cohort after the age–period–cohort analysis.





Period effect

The period RR for breast cancer mortality increased by around 18% from 1999–2003 to 2004–2008 (RR: 0.82, 95% CI:0.77–0.87) and then increased (although not significant) by 9% from 2004–2008 to 2009–2013 (RR: 1.09, 95% CI: 0.95–1.06). Subsequently, there was a 5% reduction in risk from 2009–2013 to 2014–2018 (RR: 1.04, 95% CI: 0.98–1.11) (Figure 11B; Supplementary Figure 6; Supplementary Table 4). All the ethnic groups had increased period RR from 1999 to 2018 with Blacks (RR: 1.52) having the highest increase between 2014 and 2018, followed by Coloreds (RR:1.21), Whites (RR:1.12), and Indians/Asians (RR:1.10) (Figure 11B; Supplementary Table 5; Supplementary Figures 6–9). The Wald’s test of the period effect was statistically significant for overall, Blacks, and Coloreds, but not significant among Whites and Indian/Asians (Table 3).



Cohort effect

The cohort RR of breast cancer mortality among those born during 1924–1928 (RR: 0.5, 95% CI: 0.43–0.57) was the least, and the risk increased among successive cohorts to a peak RR among those born between 1984 and 1988 (RR: 1.64, 95% CI: 1.35–1.99). Afterward, there was a decline in risk among successive birth cohorts to 1.57 among birth cohorts from 1999 to 2003 (Figure 11C; Supplementary Figure 5; Supplementary Table 4). With respect to ethnic cohort variations, the Blacks (RR: 0.16, 95% CI: 0.13–0.19) and the Coloreds (0.31, 95% CI: 0.25–0.40) had a relatively low RR among the cohort that were born between 1924 and 1928 and the risk increased among successive birth cohorts, with the cohort RR of Blacks becoming the highest among the 1964–1993 birth cohorts. The Whites (0.80, 95% CI: 0.69–0.93)) and Indian/Asians (1.00, 95% CI: 0.65–1.54) had a relatively higher cohort RR among the 1924–1928 birth cohorts, and there was minimal change in the mortality risk among their successive cohorts till the 1959–1963 cohort for Whites and 1984–1988 for Indian/Asians. Subsequently, the RR increased among Whites till those born in 1984–1988. While the mortality RR generally increased among successive Indian/Asian cohorts born between 1994 and 2003, the RR of similar birth cohorts of other ethnic groups reduced (Figure 11C; Supplementary Figures 6–9; Supplementary Table 5). The Wald’s test showed that the cohort effect was statistically significant for the overall trends and among all the ethnic groups (P-value< 0.001) except for the Indian/Asians (P-value = 0.61) (Table 3).





Discussion

To our knowledge, this is the first study in SSA to utilize both joinpoint and A–P–C regression modeling techniques to evaluate the national trends in breast cancer mortality, stratified by ethnicity. This temporal trend analysis over 20 years (1999–2018) in South Africa is necessary to evaluate the impact of previous interventions and guide prioritization of health resources.


Breast cancer mortality trends

The mortality rate of breast cancer in South Africa (13.27 per 100,000 women) was slightly lower than the average rates in Southern Africa (1), but higher than North American rates (1). We found that the mortality to incidence ratio (MIR) of breast cancer in South Africa (13.27 vs. 32.87 per 100,000 women, MIR:0.4) was slightly higher than the average of other Southern African Countries (15.6 vs. 46.2 per 100,000 women, MIR:0.34) and the North American region (12.6 vs. 84.8 per 100,000 women, MIR:0.15) but lower than the average MIR among Western African countries (17.8 vs. 37.3 per 100,000 women, MIR: 0.48) (30, 31).

As reported globally, we observed a significant period effect on the trends of breast cancer mortality in South Africa (27, 28). The net drift and joinpoint regression model indicated a rise in the breast cancer mortality rate by around 1.47% and 1.40% per annum from 1999 to 2018, respectively. Similarly, most countries in SSA and Asia had increasing mortality trends (29, 32, 33). In contrast, there was a decline in breast cancer mortality in most HICs and middle-income countries because of mass screening with mammography and clinical breast examination, hereditary screening of high-risk individuals, molecular and histopathological classification, early patient presentation, and prompt treatment with surgery (mastectomy), adjuvant hormone therapy, chemotherapy, and radiotherapy (32–37). The period RR and segmental APC suggest a reduction in the increasing rate of breast cancer mortality during the later period of 2004 to 2018 (5.9% per annum vs. 0.5% per annum). The apparent reduction in APC from 2004 may be partly explained by the reported decline in incidence from 1999 to 2010 (11). After the commencement of the multiracial democratic government in 1994 to replace the apartheid regime, policies were directed at expanding access to free reproductive public health services for majority of the previously marginalized population (especially the Black and Colored population) (9, 11, 38, 39). Furthermore, public enlightenment campaigns, ongoing multiple international and national breast cancer research, some screening programs by non-governmental organizations, and reduction of barriers to definitive care are also contributory to the reduced period RR in the later years (11, 40, 41). Since South Africa has one of the highest global HIV prevalences, HIV was hitherto a major competing risk of death in the country (20, 42, 43). Thus, the nationwide rollout of free ART in 2004 can partly explain the reduction in breast cancer mortality rate from 2005 (7, 38, 44).



Age effect of breast cancer mortality trends

In line with previous studies, we found that there was a strong age effect on the breast cancer mortality trends as there was increased risks and rates with increasing age (27, 28, 42). Thus, it can be deduced that biological effect played a role in breast cancer mortality (27, 28, 42). The age effect was also apparent as the annual crude mortality rate of breast cancer was higher than the age-standardized rate among Whites over the study period from 1999 to 2018. South African women aged 30 years and older generally had an increased mortality rate, with that of women aged 30–39 and 75 years and above having a rapid rise (local drift >2%). Furthermore, we found that in the later years (2014–2018), women aged 45–49 years had a rapid rise in breast cancer mortality rate of around 5% per annum. Thus, death from premenopausal breast cancer is fast becoming a major cause of cancer deaths among young South Africans and globally (4, 34, 43, 45, 46). Nonetheless, a decline in mortality rate occurred despite increased incidence among young women in some countries in LMICs and HICs and this was attributed to routine and opportunistic screening during antenatal and contraceptive consultations and a strong cohort effect from the 1950s (45–47).

In comparison with postmenopausal breast cancer, the premenopausal breast cancer type is usually more aggressive, advanced-stage at diagnosis, triple-negative, and with worse prognosis (36, 48). Remarkably, the screening, diagnosis, and treatment of premenopausal breast cancer are a challenge because dense breast tissue of young women may obfuscate pathological tissues (4, 43). Obesity appears to be the major driver of sporadic postmenopausal breast cancer (4, 49).

Notably, South African women aged 50–59 years had nearly stable mortality trends (AAPC = 0.5%). Similarly, women aged 50–69 years had the lowest AAPC in Sub-Saharan Africa (AAPC:<50 years: 0.53%, 50–69 years: 0.34%, ≥70 years: 0.82%) and in all other global regions from 1990 to 2017 (48). This pattern suggests that women aged 50–59 years generally had routine or opportunistic screening, or there was reduction in perimenopausal HRT use from 2000 (4, 34, 45).

The increased mortality rate of breast cancer among South African women older than 70 years may be associated with increasing life expectancy and comorbid factors (33, 34, 36, 48, 50). Thus, research and public health interventions aimed at reducing the burden of breast cancer should target all age groups from 25 years.



Cohort effect of breast cancer mortality

We reported a rise in RR of breast cancer mortality among South African birth cohorts from 1924 to 1988 (0.5 to 1.64) and a subsequent decline among recent cohorts from 1988 to 2003. A decline in cohort mortality risks around 1920 and 1960 in USA and East Asia, respectively, was previously reported (27, 28, 51, 52). Each successive South African birth cohort experienced increased risk factors (leading to mortality) of breast cancer such as increased prevalence of obesity, smoking, alcohol consumption, low fertility rate, prolonged use of hormonal contraceptive, late age at first pregnancy (usually on account of prolonged years of education), reduced period of breastfeeding (mainly because of pressures of work), and westernization of diet (increased fatty and high-protein diet) (5, 6, 11, 36, 53–56). However, the improved socioeconomic status, educational attainment, health seeking behavior, reduction in smoking prevalence, and increased awareness and access to healthcare among recent South African cohorts especially after the commencement of the multiracial democracy in 1994 might partly explain the reduction in breast cancer cohort mortality risk from 1988 (10, 45, 57, 58).



Ethnic disparity of breast cancer trends

We observed that ethnic disparity in breast cancer mortality in South as Blacks had around half the breast cancer mortality rates of Colored, Whites, and Indian/Asians. In contrast, Blacks had higher breast cancer mortality rates as compared with Whites in USA (35, 59, 60).

Our analysis showed that breast cancer mortality RR increased among successive Black and Colored cohorts from 1924 to 2003 and Blacks had the highest mortality risk among recent cohorts (1974–2003). Historically, Blacks had protective breast cancer risk factors such as increased prevalence of late menarche, early age at first birth (Black South African culture supports early/teenage pregnancy), high parity, prolonged breastfeeding practices, and high-fiber diet (6, 27, 60). However, successive cohorts of Blacks and Coloreds had experienced increased westernized diet, increased use of hormonal contraceptives, decreased fertility rate, and increased prevalence of obesity and sedentary jobs (5, 55, 56, 61). Furthermore, successive cohorts of Coloreds also had increased prevalence of smoking and alcohol rates (62–64). Despite having the lowest breast cancer incidence, Blacks (9.49 vs. 19.32 per 100,000 MIR: 0.49) and Coloreds (18.11 vs. 47.9 per 100,000 women, MIR: 0.38) had the highest MIR as compared with Indian/Asians (13.24 vs. 15.24 per 100,000 women, MIR: 0.26) and Whites (17.77 vs. 84.49 per 100,000 women, MIR:0.21), which suggests a worst survival rate (30, 64, 65). During the apartheid era, successive cohorts of Blacks and Coloreds had worse breast cancer survival because they usually have poor awareness, advanced staged cancer, and poor access to healthcare especially among rural dwellers (6, 38, 66). Furthermore, Blacks usually have an aggressive, premenopausal, and triple-negative form of breast cancer (6). Our study showed that the expected cohort RR decline of breast cancer after the expansion of access to healthcare since the commencement of the multiracial democracy in 1994 has not occurred (9, 38, 57).

The earliest White and Indian/Asian birth cohorts had relatively high mortality RR, which was nearly stable until 1969–1973 when the RR among Whites slightly increased whereas that of Indian/Asian cohorts declined. The increased mortality risk among the recent White cohorts may be driven by modifiable factors such as obesity, smoking, alcohol consumption, and use of hormonal contraceptives, whereas the decline among Indian/Asians is similar to the cohort trends in East Asia and America that was attributable to improved awareness, screening, and improved healthcare (27, 52, 62).

The period effect of breast cancer mortality from 1999 to 2018 was noted among Blacks and Coloreds, with rapid drifts of 4.6% and 2.5% per annum, respectively. The improved socioeconomic status and shift in reproductive behaviors without commensurate access to screening and oncological care among Blacks and Coloreds led to increased breast cancer mortality from 1999 to 2018. Nonetheless, a reduced acceleration among Blacks (APC: 5.0% vs. 3.0%), in the later period (2004–2018), may be attributed to some improvement in public reproductive health and oncological services (9–11, 38, 52, 57). Furthermore, the national rollout of free ART in 2004 partly contributed to death reduction among Black HIV-positive breast cancer patients (38, 44, 67, 68). In contrast, Coloreds (APC: -3.5% vs. 3.4%) had increased breast cancer mortality rates in the later years (2008–2018), suggesting that the public health interventions are yet to impact breast cancer outcome among them. This may also suggest that the cohort and age effects are stronger than the period effect among them.

The period effect of breast cancer mortality was not statistically significant among Whites and Indian/Asians, and they had low net drifts (Whites, 0.83%; Indian/Asian, 0.53%). Indeed, Whites and Indian/Asians had access to private health facility with optimum oncological facilities that are comparable with healthcare services in HICs (11, 57). Thus, sociopolitical and public health interventions by the South African government may not impact on the outcome of breast cancer care among them. However, this study highlighted an increased breast cancer mortality among Whites (APC: -1.9% vs. 1.1%) in the later years (2008–2018), which calls for further research. The apparent decline in mortality rate among Indian/Asians can be attributed to early diagnosis and treatment (27, 52).

Blacks had the youngest average age at death (56 years) followed by Coloreds (60.6 years), Indian/Asian (63.9 years), and White (67.4 years), suggesting that worst survival or more premenopausal deaths occurred among them. The observed rise in breast cancer mortality among the Whites in the later years may be occurring at old age. Indeed, the CMR of breast cancer was around thrice the ASMR among Whites, suggesting that majority of the deaths occurred in the elderly. Strikingly, women aged 25–39 years generally had the highest rise in breast cancer mortality. Remarkably, deaths from premenopausal breast cancer (<45 years) increased whereas postmenopausal breast cancer deaths declined among Coloreds, possibly suggesting increased modifiable risks and poor access to screening and early care among young Coloreds. The negative drifts among Whites aged 50–69 years and Indian/Asians aged 40–59 years may suggest that women of the two ethnic groups commenced screening at 40–50 years according to international guidelines (27, 33, 47, 69). There is a need for public enlightenment campaigns, modifiable risk reduction, and provision of optimum screening and treatment modalities among women of all ethnic groups over 20 years.




Strength and limitation

We utilized national mortality data that have been adjudged to be of high quality to comprehensively evaluate the trends in breast cancer mortality, based on the A–P–C and joinpoint regression models to unmask cues and information toward control of breast cancer in South Africa (17, 20).

One limitation of this study was the missing information on the stage and histological types of the cancers that can further improve the interpretation of our results (7, 70). Furthermore, there may be some underreporting of deaths that occurred outside health institutions. However, it is mandatory to report all deaths to the Department of Home Affairs before burial. Since our study was population based, we exercised caution while interpreting at the individual level to avoid the risk of ecological fallacy (71).



Conclusion

In conclusion, we found that a significant age period cohort effect was observed for breast cancer mortality trends. There was a breast cancer rise of around 1.5% per annum from 1999 to 2018, largely driven by a rapid rise in deaths among young women (in the last 10 years of the study). The breast cancer mortality risk increased from the early cohorts but started decreasing among the recent cohorts born from 1989 to 2003. The period effect from screening and expansion of healthcare services after multiracial democracy in 1994 only led to minimal reduction in deaths of breast cancer, especially among women aged 50–59 years. The breast cancer mortality rate among Blacks was around half of the rates among the non-Blacks. Each of the four ethnic groups had differential trends and burden on account of peculiar socioeconomic, cultural, screening behavior, access to optimum care, awareness, and sexual and reproductive behavior. The identified disparities and trends are very useful for designing targeted intervention.



Brief policy implications

The South African government launched the national breast program in 2017 to promote prevention and early detection and prompt optimum treatment of breast (72). Such initiative is expected to reverse the current increasing burden of the breast cancer deaths. However, based on the results of our study, we recommend that screening for breast cancer should be intensified in all age groups, as our results suggest strong/highest risks among young cohorts. In contrast to screening policies of HICs, population-based routine screening of breast cancer with mammography was not recommended in the South African guideline, largely on account of cost to the health system (72). However, we recommend that in addition to the current recommendation of promoting awareness, regular clinical breast examination, prompt treatment, and mammography should be considered especially commencing at a young age, possibly 35–40 years, as majority of breast cancer cases are sporadic (4). Opportunistic mammography can also be encouraged as part of routine occupational medical examination (28). Women that can afford mammography should also be offered pending when the health system can provide it for all women.

Since we found that cohort effect is a major driver of breast cancer mortality trends in the country, primary prevention should target all the known risk factors of breast cancer such as reduction of obesity, promoting breastfeeding, and reproductive behaviors. Breast cancer prevention should be part of the social marketing for promoting the cessation of tobacco smoking and alcohol consumption (4, 28). Interventions that target ethnic burden of breast cancer mortality can be considered. Indeed, older White women had higher burden of breast cancer mortality and targeted intervention will be necessary.
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Prostate cancer is the second most common cancer in men in the United States, and racial disparities are greatly observed in the disease. Specifically, African American (AA) patients have 60% higher incidence and mortality rates, in addition to higher grade and stage prostate tumors, than European American (EA) patients. In order to narrow the gap between clinical outcomes for these two populations, genetic and molecular signatures contributing to this disparity have been characterized. Over the past decade, profiles of prostate tumor samples from different ethnic groups have been developed using molecular and functional assays coupled with next generation sequencing or microarrays. Comparative genome-wide analyses of genomic, epigenomic, and transcriptomic profiles from prostate tumor samples have uncovered potential race-specific mutations, copy number alterations, DNA methylation, and gene expression patterns. In this study, we reviewed over 20 published studies that examined the aforementioned molecular contributions to racial disparities in AA and EA prostate cancer patients. The reviewed genomic studies revealed mutations, deletions, amplifications, duplications, or fusion genes differentially enriched in AA patients relative to EA patients. Commonly reported genomic alterations included mutations or copy number alterations of FOXA1, KMT2D, SPOP, MYC, PTEN, TP53, ZFHX3, and the TMPRSS2-ERG fusion. The reviewed epigenomic studies identified that CpG sites near the promoters of PMEPA1, RARB, SNRPN, and TIMP3 genes were differentially methylated between AA and EA patients. Lastly, the reviewed transcriptomic studies identified genes (e.g. CCL4, CHRM3, CRYBB2, CXCR4, GALR1, GSTM3, SPINK1) and signaling pathways dysregulated between AA and EA patients. The most frequently found dysregulated pathways were involved in immune and inflammatory responses and neuroactive ligand signaling. Overall, we observed that the genomic, epigenomic, and transcriptomic alterations evaluated between AA and EA prostate cancer patients varied between studies, highlighting the impact of using different methods and sample sizes. The reported genomic, epigenomic, and transcriptomic alterations do not only uncover molecular mechanisms of tumorigenesis but also provide researchers and clinicians valuable resources to identify novel biomarkers and treatment modalities to improve the disparity of clinical outcomes between AA and EA patients.
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1 Introduction

Prostate cancer is the second most common cancer in men with one of the highest incidence rates in the United States (1). It has the second highest mortality rate relative to other malignancies, but the severity of clinical outcomes is reported to vary by race and ethnicity (1). Specifically, African American (AA) men have the highest prostate cancer incidence rate amongst racial or ethnic groups in the United States (2). For example, 1 in 6 AA men are diagnosed with prostate cancer in their lifetime, compared to 1 in 8 European American (EA) men, and the incidence is nearly 60% higher for AA men (2). Moreover, AA prostate cancer patients present with higher grade and stage tumors and have a nearly 2-fold higher mortality rate when compared to EA prostate cancer patients (2). Specifically, AA men have a prostate cancer mortality rate of 37.4 per 100,000 in the period of 2014-2018 versus 19.3 per 100,000 among white non-Hispanic men (3). Furthermore, prostate cancer has a higher growth and metastatic transformation rate for AA men compared to EA men (4). It has been reported that low-grade prostate cancer cells grow and spread more quickly in AA than men of other races (5).

This discrepancy between clinical outcomes appears to be attributable to socioeconomic factors that may cause barriers to medical access, diagnosis, and treatment among AA men (6). For example, AA men experience substandard testing of prostate specific antigen (PSA) relative to their EA counterparts, leading to limited access to early detection of prostate cancer (7–9). In addition to socioeconomic factors, biological factors may further widen the gap between clinical outcomes for AA men relative to EA counterparts. For example, Cheng et al. reported that AA men were more likely to develop prostate cancer relative to their EA counterparts in California after correcting for socioeconomic status (10). Another study emphasizes that the investigation of race-specific biological differences needs to be viewed through a multifactorial lens because factors such as environment, social status, and genetic inheritance can lead to different mechanisms of prostate tumorigenesis in a combinatorial manner (11). Currently, there is lack of comprehensive understanding on the different biological contributions to prostate tumorigenesis between AA and EA patients.

To elucidate possible biological determinants of racial disparities in prostate cancer, prostate tumor cells and tissues from AA and EA patients were obtained through various methods (e.g. transrectal ultrasound (TRUS)-guided biopsy, transperineal biopsy, transurethral resection, prostatectomy, radical prostatectomy), and genetic and molecular assays have been performed with the obtained samples. Over the past two decades after next generation sequencing (NGS) technologies were introduced, prostate tumor samples have been studied using genetic and molecular assays that are coupled with sequencing. Using NGS and microarray techniques that can evaluate genome-wide signals at once, many studies have characterized genetic (e.g. mutations, copy number alterations, fusions) and molecular features (e.g. epigenetic alterations, gene expression changes) of prostate tumors through the lens of AA and EA patient outcome disparities.

Here, we have listed findings from over 20 published studies that profiled the genomes, epigenomes, and transcriptomes of prostate tumor tissues of AA and EA patients. Studies were identified by inputting the following key words into the PubMed search query: “African-American” AND “prostate cancer”. For each category (genome, epigenome, transcriptome), search terms were changed to DNA, methylation, and RNA, respectively. Studies were deemed to be within the scope of this review if they were written in the English language and performed using prostate tumor tissue samples from AA and EA patients, clearly reporting the cohort sizes and methods used. Moreover, we only included studies that directly compared genetic, epigenetic, or transcriptomic profiles of prostate tumor tissues between AA and EA patients (Tables 1–3). These studies uncovered potential race-specific mutations, copy number alterations, fusions, and aberrant DNA methylation and gene expression patterns, using varied methods of DNA, DNA methylation, and RNA analysis, respectively (Figure 1). This review, which details a bigger picture of prostate cancer biological signatures, will provide clinicians and researchers with a better understanding of molecular mechanisms of prostate tumorigenesis and facilitate the development of potential biomarkers and treatment modalities to narrow the gap between AA and EA patient outcomes.


Table 1 | Studies that compared genomic features between AA and EA patients.




Table 2 | Studies that compared DNA methylation features between AA and EA patients.




Table 3 | Studies that compared transcriptomic features between AA and EA patients.






Figure 1 | Approaches to compare molecular genetic signatures in prostate tumor tissue samples obtained from AA and EA patients. In reviewed studies, prostate tumor tissue samples from both EA and AA patients were collected by either biopsy or prostatectomy. DNA or RNA material was extracted from aforementioned samples and then prepared for molecular characterization at the genome, epigenome, and transcriptome levels. Studies profiled the signatures of prostate tumor tissues using site-specific techniques and genome-wide utilized high-throughput hybridization (microarray) and next-generation sequencing (NGS) technologies. Subsequently, AA and EA patient sample data was compared to uncover potential molecular differences between the two subpopulations. Key molecular differences found by several studies and discussed in this review were included. Comparisons that were not found to have consistent data across studies (or controversial) was denoted with an asterisk (*). PCR, Polymerase chain reaction; RFLP, Restriction fragment length polymorphisms; HRM, High resolution melting analysis; FISH, Fluorescence in situ hybridization; and COMPARE-MS, Combination of methylated-DNA precipitation and methylation-sensitive restriction enzymes assay.





2 Genomic alterations linked to African American prostate cancer patients


2.1 Methods to profile genomic alterations in cancer

Cancers develop due to the accumulation of genetic alterations such as mutations, amplifications, deletions, and fusions. Deletions and inactivating (loss-of-function) mutations are often found at tumor suppressor genes to dysregulate cell division. Conversely, amplifications and activating mutations are found at oncogenes to increase cancer cell proliferation and survival. Moreover, genetic alterations are observed at non-coding regions such as regulatory regions to activate or inactivate genes involved in carcinogenesis.

To identify genetic alterations in cancer cells, polymerase chain reaction (PCR)-based assays, DNA sequencing and hybridization technology have been applied. Classical techniques that have been utilized to parse out short sequences include Sanger sequencing, pyrosequencing, PCR-restriction fragment length polymorphisms (PCR-RFLP) analysis, and High-Resolution Melting (HRM) analysis (33–37). An example of a classical hybridization technique is Fluorescence in situ hybridization (FISH), which utilizes a fluorescently labeled probe targeting a specific sequence to detect copy number variations (CNV). The major drawback of all of the above-mentioned methods is that they are limited to specific regions within the genome. To find high-throughput genetic alterations across the genome, DNA microarray-based and NGS techniques were developed (38, 39). DNA microarray technology determines the number of copies of particular genomic regions through sequence-primer hybridization (40, 41). CNV microarrays such as OncoScan can characterize CNVs in 900 cancer genes and 300kb region outside of the cancer genes throughout the genome, based on hybridization (42).

Two main NGS applications have allowed for high-throughput detection of genetic alterations in tumors: targeted DNA sequencing, and whole genome sequencing (WGS) (43, 44). While WGS determines the sequence of the entire genome, targeted DNA sequencing methods such as hybridization capture NGS and amplicon-based NGS sequence specific DNA fragments (44, 45). One major application for targeted DNA-sequencing is the targeting of exons throughout the genome, also known as whole exome sequencing (WES). Overall, DNA microarrays, WES, and WGS have been essential to elucidating cancer-associated mutations and focal copy number alterations, and large-scale chromosomal copy number alterations.



2.2 Genomic alterations frequently observed in prostate tumors

Prostate tumors often harbor inactivating, or loss of function (LOF), mutations or deletions in tumor suppressor genes involved in pathways regulating cell cycle, DNA repair, and transcriptional regulation. Genetic alterations identified at the greatest frequency in prostate cancer related to cell cycle include mutations at TP53, RB1, PTEN, and deletions at chromosome 10q containing PTEN (46–48). Several studies state that ZFHX3, which functions to inhibit prostate carcinogenesis by suppressing MYC overexpression, is correlated to improved patient survival (49). It is reported that ZFHX3 is deleted or contains a LOF mutation in prostate tumors (50). Notable tumor suppressor genes involved in transcriptional regulation that are frequently deleted or mutated in prostate tumors include SPOP, MED12, CHD1, and ZNF292 (51).

The aforementioned genetic alterations are somatically acquired during tumorigenesis. Germline mutations including BRCA1, BRCA2, HOXB13, CHEK2, and ATM mutations have been associated with hereditary prostate cancer (52). One of the most common mutations is in BRCA2 (47, 52). BRCA1/2, known as tumor suppressor genes, mediate double-strand break DNA repair (53). BRCA1/2 mutations are not only associated with an increased risk of prostate cancer, but also with an aggressive prostate cancer phenotype, such as higher grade, advantaged stage, and poor survival (54, 55). HOXB13 is important in prostate development and this mutation was observed in 0.7-1.4% of prostate cancers, and 6% of early-onset prostate cancer (56). HOXB13 mutations are also associated with an increased hereditary prostate cancer risk (57, 58). Lu et al. found that the HOXB13 mutation disrupts the interaction between HOXB13 and histone deacetylase 3 (HDAC3), an epigenetic modifier (59).

Genetic alterations such as fusions, amplifications, translocations, and gain-of function (GOF) mutations are found in oncogenes in prostate cancer. As reported in various studies, androgen receptor (AR) has been increasingly implicated in prostate cancer (60). AR is a key transcription factor playing a critical role in prostate cancer initiation and progression. It leads to prostate cancer cell proliferation by mediating transcription of pro-mitotic genes (61, 62). Androgen binding induces a conformational change, resulting in its nuclear translocation (63, 64). Subsequently, AR binds at specific genomic regions and activates transcription of its numerous target genes (64).

Since up to 90% of prostate cancer is dependent on androgens at diagnosis, androgen signaling has been considered a pivotal therapeutic target. Androgen deprivation therapy (ADT), either alone or in combination with chemotherapy, is the mainstay of initial treatment for advanced, high-grade and stage, prostate cancer, albeit many patients eventually will develop progressive disease referred to as castration-resistant prostate cancer (CRPC) (64–66). AR genetic alterations including mutations and amplifications are observed in prostate cancer as well as alternative splicing events. There are four domains of AR: amino-terminal transcriptional domain (NTD), DNA-binding domain (DBD), hinge region, and a carboxy-terminal ligand-binding domain (LBD) (66). Splicing variants encode truncated AR forms, such as AR-V7, lacking the LBD and thus making the protein constitutively active regardless of the presence of androgens (67). Interestingly, AR mutations and amplification events are nearly exclusively found in metastatic prostate tumor samples, but not in primary tumor samples. AR mutation burden usually increases with tumor stage, and alterations oftentimes involve missense mutations in the LBD (68). In this way, there is less specificity of the domain overall, as AR activation can be induced by various ligands beyond its non-pathological activators (68, 69).

Downstream and upstream effectors of AR are also found to be altered in primary tumor samples (47). The most frequent gene rearrangements found in primary prostate tumors are those involving TMPRSS2 (Transmembrane Serine Protease 2) and members of the ETS (erythroblast transformation specific transcription factor) family transcription factors. The ETS family includes ERG, ETV1, ETV4, and FLI1 which can all form fusions with TMPRSS2. In the Cancer Genome Atlas (TCGA) prostate adenocarcinoma data, 53% of tumors were found to have ETS family gene fusions. The ETS family gene members involved in the fusions, the most common being ERG (46%), were found to be mutually exclusive. The promoter of TMPRSS2-ERG gene is reported to be bound by AR. Interestingly, AR genetic aberrations and the fusion proteins under its regulation are seen at variable relative levels. Moreover, most of the TMPRSS2-ETS fusion positive tumors also contained PTEN deletions (47).

The next most common genetic alterations found in prostate tumors include mutations in SPOP, FOXA1, and IDH1. Interestingly, SPOP and FOXA1 mutant tumors were found to be both mutually exclusive with TMPRSS2-ETS fusions and had higher AR transcriptional activity (47). Lastly, the presence of amplifications, insertions, and deletions, also known as copy number alterations (CNAs), have been shown to be directly correlated to disease severity. For example, CHD1 deletions and SPOP mutations frequently co-occur in prostate tumors (47). Prostate tumors with whole chromosomal arm gains or losses are associated with high grade, Gleason score, and PSA levels (47). Common amplifications span the oncogenes MYC (8q24.21), CCND1 (11q13.2), FCFR (12p11.21), and NSD3 (8p11.23) and common deletions span tumor suppressor genes PTEN (10q23), TP53 (17p13.1), CDKN1B (12p13.1), MAP3K1 (5q11.2 & 6q.12-22), FANCD2 (3p26), SPOPL (2q22.1), and FOXP1/RYBP/SHQ1 (3p13) (47). Interestingly, aggressive prostate tumors with greater mutational burden or with higher CNA frequencies have more mutations at KMT2D, TP53, and KDM6A and a higher frequency of MYC amplifications (47).



2.3 Genomic alterations differentially identified in AA and EA prostate cancer patients

Due to the reported outcome disparities between AA and EA men with prostate cancer, many studies have sought to evaluate potential genetic alteration differences between tumors obtained from these two subgroups. When we searched for studies that performed their own DNA-sequencing (WGS and WES) or genetic alteration analysis in prostate tumor tissue samples from AA and EA, we found six studies that fulfilled inclusion criteria (12–17) (Table 1). All analyzed data were based on self-identified race, in lieu of comparing samples using ancestry-specific analysis. Sample sizes for participated AA and EA prostate cancer patients varied across studies, as well as methodologies.

Among somatic mutations commonly found in prostate cancer, TP53, PTEN, and ZFHX3 mutations affect cell cycle and growth. As previously mentioned, TP53 loss of function mutations are relatively common in prostate tumor samples. Two studies, Lindquist et al. and Liu et al., which evaluated DNA with WGS and targeted exome sequencing, respectively, reported that AA patients had relatively less TP53 inactivating mutations than EA patients (15, 16). Another two studies, Koga et al. and Liu et al., which used WES and PCR, respectively, found that there was no significant difference in TP53 mutation frequency between AA and EA (13, 17). The correlation between PTEN loss and race is largely unclear. The frequency of PTEN loss was not found to be significantly different between AA or EA prostate cancer patients by Khani et al. (12) and and Liu et al. (16); the two studies used FISH and the Affymetrix OncoScan FFPE SNP CNV microarray to assess CNV status, respectively (12, 16). However, two other studies reported that PTEN loss was less frequent in AA patient tumors using WGS and WES, respectively (13, 15). The ZFHX3 gene has been found to be more frequently deleted or contain a LOF mutation in AA patients relative to EA across several studies (13, 16). This distinction can prove important to the treatment of AA prostate cancer since functional ZFHX3 is necessary for effective ESR2 (aka ERß) agonist treatment (49).

Genetic alteration frequency of two genes, SPOP and KMT2D, which regulate the transcriptional process were investigated between AA and EA across multiple studies. Results describing the frequency of SPOP mutations in both AA and EA tumor samples varied. For example, Koga et al. (13) found a higher frequency of SPOP mutations in AA compared to EA when considering all tumors, regardless of primary or metastatic, whereas Liu et al. (16) found that the frequency of SPOP mutations was lower in AA patients. Additionally, two studies found no differences in mutation frequency between AA and EA (12, 15). KMT2D mutations, which are associated with more aggressive disease, were found at a greater frequency in AA patients in multiple studies (13, 16).

Genetic alterations in genes related to androgen signaling (AR and FOXA1) were also evaluated by multiple studies. The study by Koochekpour et al, which used PCR analysis, found that AR mutations were more frequent in AA prostate cancer patient samples than EA (14), but two other studies found no difference in mutation frequency (13, 16). FOXA1 was found to have a greater mutation frequency in AA patients (15), whereas another study found it not to be statistically significantly different (13). MYC amplification was a point of contention between studies. Lindquist et al. reported that AA patients were less likely to have MYC amplification (15), whereas other studies reported that AA patients were more likely to have MYC amplification (13, 16).

Fusion events were found in many prostate tumors, but these findings were observed in datasets overwhelmingly obtained from EA patient populations, such as the TCGA dataset. Multiple studies found that TMPRSS2-ERG fusions were less prevalent in AA patients relative to EA patients (13, 15, 16, 70, 71). Although the absence of these fusions has not been associated with a worse prognosis, the significant difference in prevalence demonstrates the need to evaluate previously established genetic biomarkers of disease in AA patient populations (72). Interestingly, a novel gene fusion, CDC27-OAT, was shown to be either specific or more common in AA patients (15).

Other genetic alterations not previously associated with prostate cancer were found to be significantly different between AA that EA patient samples. Lindquist et al. described that those frequent mutations in two genes (MUC3A and PRIM2) were found more commonly in AA tumor samples, which could be potentially carcinogenic (15). These genes encode proteins involved in cell growth and survival, and DNA replication, respectively. The study by Koga et al. identified a novel deletion spanning ETV3 (1q23.1), another ETS transcription factor, in AA tumor samples (13).

Overall, most of these studies addressing racial differences did not have consistent results for genes related to prostate carcinogenesis although ZFHX3 and KMT2D alterations were found in multiple studies at a greater frequency in AA patients and were associated with increased disease severity. It is possible that a subset of genetic alterations may at least in part contribute to the clinical disparities seen between AA and EA prostate cancer patients. It is therefore important to fully interrogate more samples to understand the contribution of genomic difference to the severity of disease using DNA-sequencing techniques.




3 Epigenomic alterations linked to African American prostate cancer patients


3.1 Methods to profile epigenomic alterations in cancer

Epigenetic alterations change the chromatin state and structure to regulate gene expression without changes in DNA sequence in cancer cells. Chromatin state and structure are important for the maintenance of cell states. Nucleosome positioning, histone modifications as well as DNA methylation define the status and identity of each cell, and they are maintained throughout the cell cycle (73–77). Non-coding RNAs (ncRNAs) are also reported to regulate gene expression and chromatin state to control cell proliferation and differentiation (78). Among those epigenetic alterations, DNA methylation analysis is used most often because DNA samples obtained for the DNA methylation analysis are easily isolated and stored from diverse tissue types. Additionally, DNA methylation analysis can be performed with a small amount of DNA (79).

Classical DNA methylation methodologies include methylation-specific PCR (MSP), pyrosequencing, and Luminometric Methylation Assay (LUMA). MSP involves PCR at a specific CpG site of-interest using site-specific primers, one for methylated CpG and the other for unmethylated CpG detection (80). Although this method interrogates the DNA methylation status at a specific site of interest, the drawback is that only one or two CpG sites can be assessed at a time. Additionally, MSP is difficult to perform in regions that are not CpG islands (81). Pyrosequencing detects DNA methylation levels of CpG sites in a PCR product (82). The advantages of this method are that it is time-efficient, quantitative, and can detect even small differences in methylation (83). However, primer design is difficult, and only a short region can be analyzed (83).

To profile DNA methylation at multiple sites at once, multiple techniques were developed. LUMA technology, which was based on the combined methylation-sensitive restriction enzyme DNA cleavage and pyrosequencing-based polymerase extension, was one of the earliest developed methods (84). A combined method such as Combination of methylated-DNA precipitation and methylation-sensitive restriction enzymes (COMPARE-MS) assay, which uses PCR products of DNA first digested by methylation-sensitive restriction enzymes then precipitated by methyl-binding domain polypeptides, was also developed to detect CpG island DNA methylation (85). However, these assays are only capable of detecting differences in DNA methylation within methylation-sensitive restriction enzyme cut sites, which are not uniformly distributed in the genome. Therefore, these assays cannot exhaust all of the CpG sites in the genome.

To better profile DNA methylation sites, genome-wide, high-throughput techniques coupled with NGS and microarrays have been developed. Methyl-CpG-binding domain sequencing (MBD-seq) and methylated DNA immunoprecipitation sequencing (MeDIP-seq) are based on affinity purification using antibodies (86). Genomic DNA is prepared, sheared, denatured, and then immunoprecipitated. Pull down of methylated DNA is possible by using MBD-seq or MeDIP-seq methodologies (81). MBD proteins bind to double-strand methylated DNA using the methyl-binding domain while MeDIP uses a 5-methylcytosine monoclonal antibody against single-strand DNA (87). Both techniques are cost-effective, are capable of distinguishing between 5mC and 5hmC, induce no mutations, and provide no limitations to enzyme recognition sites. However, both methods are biased toward hypermethylated regions (86). MBD methods tend to be more sensitive to enrichment of CpG islands compared to MeDIP, while MeDIP provides relatively superior profiling of enrichment regions with lower CpG density (86).

Subsequent technologies using bisulfite conversion coupled with hybridization (i.e. DNA methylation microarrays) or sequencing (i.e. whole genome bisulfite sequencing) have been developed to provide insight as to the DNA methylation state of regions of-interest simultaneously and globally. The DNA methylation arrays that are most used were developed by Illumina. The Illumina methylation assay uses BeadChip to generate a genome-wide methylation profile. Similar to pyrosequencing, this method quantifies methylation levels at individual CpG loci within the genome (88). The bisulfite-converted DNA is amplified, fragmented, and hybridized to probes on the microarray, providing targeted-enrichment of methylated regions (89). The main advantages of the DNA methylation microarray method include cost-effectiveness, time-efficiency, and the low DNA input required (51, 89, 90). The initial Infinium Human Methylation27 (HM27) BeadChip contains 27,578 CpG sites. Later, Illumina developed the Infinium Human Methylation450 (HM450) BeadChip assay which interrogates 482,421 CpG sites, including 90% of the sites on the HM27 (89). More recently, the Infinium Methylation EPIC (EPIC) BeadChip has been developed, containing over 850,000 CpG sites including promoters, enhancers, and open chromatin regions (91).

Whole genome methylation sequencing utilizes NGS techniques to obtain DNA methylation data that can include all CpG sites within the genome at single nucleotide resolution (76). Whole genome bisulfite sequencing (WGBS) allows the identification of methylation state at almost every CpG site in the genome, providing highly integrated single base resolution DNA methylation patterning (92). However, this method is high cost, unable to distinguish between 5mC and 5-Hydroxymethylcytosine (5hmC) and causes substantial DNA degradation after bisulfite treatment (86). Reduced representation bisulfite sequencing (RRBS) applies WGBS techniques to specific regions of interest. Because only a fraction of the genome is sequenced, RRBS is highly sensitive and cost-effective compared to WGBS (86).

DNA methylation changes reported by these techniques in cancer results in the silencing of tumor suppressor genes or activation of oncogenes. Compared to normal cells, the promoter regions of tumor suppressors are hypermethylated whereas the promoter regions of oncogenes are hypomethylated (93). Moreover, cancer-specific enhancer regions are hypomethylated (94, 95). Furthermore, long-range hypomethylated regions such as partially methylated domains are detected in cancer cells (96). The hypomethylation and hypermethylation of specific CpG sites in cancer allows for the understanding of molecular mechanisms of dysregulated of tumor suppressors and oncogenes (97).



3.2 Heterogeneous DNA methylation patterns among prostate tumors

To understand and characterize DNA methylation states of prostate tumor samples relative to normal prostate tissue, several DNA methylation studies have been performed (47, 92, 98–125). For example, in a review written by Lam et al. (99), six genes (GSTP1, APC, RARB, PITX2, CCND2, and PTGS2) along with their corresponding CpG sites were identified as having prognostic importance across several prostate cancer studies (99–125). Of the six genes, GSTP1, APC, RARB, CCND2, and PTGS2 were tumor suppressors identified as having been hypermethylated in prostate tumor tissues. PITX2, an oncogene that also bears importance in lung adenocarcinoma, was identified as being hypomethylated in prostate cancer.

Moreover, TCGA, which profiled DNA methylation levels of over 300 prostate tumor tissues using Illumina HM450 arrays, revealed heterogeneous DNA methylation patterns amongst 8 prostate tumor molecular subtypes including: TMPRSS2-ERG fusion, TMPRSS2-ETV1 fusion, TMPRSS2-ETV4 fusion, TMPRSS2-FLI1 fusion, SPOP mutation, FOXA1 mutation, IDH1 mutation, and tumors without genetic alterations (47). For example, IDH1 mutant tumors exhibited heavy hypermethylation throughout the genome. SPOP and FOXA1 mutant tumors had similar DNA hypermethylation patterns with a moderate number of hypermethylated loci. Compared to SPOP and FOXA1 mutant tumors, two-thirds of ERG fusion-positive tumors had relatively low hypermethylated loci. However, one-third of ERG fusion-positive tumors had distinct hypermethylation patterns, which include more than twice the number of hypermethylated loci than the remaining two-thirds of the ERG fusion-positive tumors. DNA methylation patterns of ETV1 and ETV4 fusion-positive tumors were distinct from ERG fusion-positive tumors while FLI1 fusion-positive tumors exhibited similar hypermethylation pattern as the latter two-thirds of the ERG fusion-positive tumors, having moderate hypermethylated loci.

Over 150 epigenetically silenced genes in prostate tumors were also identified by TCGA. For example, SHF, FAXDC2, GSTP1, ZNF154, and KLF8 genes had hypermethylated promoters and silenced gene expression across the prostate tumor samples compared to normal prostate samples. In ETS fusion-positive tumors, STAT6 was found to be epigenetically silenced, whereas this silencing was not found in prostate tumors with mutations in SPOP and IDH1. Unlike other tumor types, SPOP mutant tumors had epigenetically silenced HEXA (47).



3.3 Differentially methylated regions detected between AA and EA prostate cancer patients

To characterize epigenomic alterations in prostate tumors from AA patients, differential DNA methylation analyses between benign and malignant prostate tissues obtained from AA patients have been performed by multiple research groups. We found seven studies (18–24), of which six investigated DNA methylation signatures at specific genes, and two performed global epigenome analysis (Table 2).

For example, Barry et al. investigated DNA methylation levels at the MYC locus (6 CpG sites from exon 3 to the 3′ UTR) in AA and EA prostate cancer patients using pyrosequencing (18). They determined that AA patient samples were relatively hypomethylated at exon 3 of the MYC gene, a site that is associated with a higher Gleason score, and therefore severity of disease (18). They showed that DNA methylation level at one of the examined CpG sites is more strongly associated with Gleason score in prostate tumors from AA patients than EA patients. However, subsequent RNA-sequencing data analysis indicated that MYC expression was not significantly different regardless of the DNA methylation status at MYC region; the study suggested ncRNA expression to be responsible for the difference (18).

Tang et al. reported that hypermethylation of RARB (aka RARß2) was significantly associated with a higher risk of prostate cancer in AA men but not in EA men, but this study was not included since it only evaluated cancer risk according to methylation within benign prostate tissue (126). Woodson et al. studied DNA methylation of a set of genes (GSTP1, RASSF1A, RARB, CD44, EDNRB, CDH1, ANXA2, and CAV1) that were previously implicated in prostate tumorigenesis in AA patient samples and reported that GSTP1, RASSF1A, and RARB were hypermethylated and CDH1, EDNRB, and CD44 were hypomethylated in tumor samples (24). This group compared the data to EA patients and found no significant differences in overall DNA methylation status for all aforementioned genes, but found CD44 hypermethylation twice as prevalent in AA men (24). Another study by Kwabi-Addo et al. selected epigenetically altered genes in prostate cancer and found AR, GSTP1, RARB, SPARC, TIMP3, and NKX2-5 to be hypermethylated in AA patients (21). Although TIMP3 was identified by Lam et al. to be hypermethylated in prostate cancer, it was determined to have no prognostic utility. Two of the aforementioned genes, SPARC and NKX2-5, have been shown to be hypermethylated in prostate cancer (110, 112). When comparing these results with EA samples, Kwabi-Abbo et al. found that there was statistically significant differential methylation solely in the TIMP3 and NKX2-5 genes (21).

GSTP1 was also found to be hypermethylated in AA patients by Sharad et al. (23). However, it was not found to be differentially methylated between AA and EA patients. Another study, which investigated the DNA methylation of GSTP1 across different ethnic groups, also found it universally hypermethylated in prostate cancer, but not significantly different in DNA methylation levels between ethnic groups (20). Sharad et al. also found that the PMEPA1 gene was found to be significantly more hypermethylated in EA prostate cancer patients compared to AA prostate cancer patients (23). This gene encodes an androgen-sensitive ligase binding protein that is now known to maintain AR protein levels in prostate tissues (23).

Unlike the aforementioned studies that characterized the DNA methylation levels of specific genes of interest, Devaney et al. performed Illumina 450K methylation arrays in AA (7 normal and 3 cancer) and EA (8 normal and 3 cancer) prostate tumor tissues (19). They identified 25 promoter-associated CpG sites that were differentially methylated by race. The most significantly differentially methylated genes were MST1R, ABCG5, and SNRPN (19). It is important to note that this study had a very small sample size, which may limit statistical power in identifying statistically significantly differentially DNA methylation sites from the array.

Rubicz et al. also performed Illumina HM450 methylation arrays in AA patients, subsequently with RNA-seq (22). They compared DNA methylation levels with EA from Fred Hutch Cancer Research Center (FHCRC) prostate cancer studies (127, 128). They found hypermethylation of STOX7, SNRPN, TIMP3, and PMEPA1 in AA patients, which were subsequently found to be differentially methylated between AA and EA (22). The hypermethylation of TIMP3 and PMEPA1 were found by several other studies (20, 21, 23, 24, 126). However, SNRPN hypermethylation did not correspond to lower expression in this study, unlike the findings by Devaney et al. (19). Additionally, they were able to identify differentially methylated regions between AA prostate cancer patients with and without prostate cancer recurrence in the gene bodies and promoter regions of genes involved in specific tumorigenic biological processes such as protein kinase activity and metal ion binding activity. For example, CDKL2, FOXA2, NEUROG1, and GCK were found to be hypermethylated at promoter regions with corresponding decreased transcription levels in AA prostate cancer patients with recurrence compared to patients without recurrence (22).

The lack of consistency in the findings between studies could be attributed to insufficient sample sizes, differences of profiling methods, the heterogeneous nature of the subpopulation itself, or non-biological factors. Overall, this shows the necessity for further whole genome methylation sequencing analysis of AA patient prostate cancer tissue samples.




4 Transcriptomic alterations linked to African American prostate cancer patients


4.1 Methods to profile gene expression in cancer

Genomic and epigenomic alterations in tumors lead to the reprogramming of gene expression patterns. Profiling gene expression is crucial to understand carcinogenesis and identify therapeutic targets. For example, amplification of the MYC oncogene leads to its overexpression, which in turn activates its target genes, promoting cell proliferation. Moreover, some tumor cells can be targeted directly based on the overexpression of certain transmembrane proteins. For instance, prostate specific membrane antigen (PSMA), which is upregulated in many metastatic prostate tumors, can be targeted with its radiolabeled inhibitor and used for imaging modalities or radiotherapy (129, 130). By comparing gene expression patterns, transcriptional networks and signaling pathways altered in tumors can be also revealed.

In order to better develop the global gene expression profiles of cancer cells, researchers have utilized mRNA quantification techniques such as Reverse Transcriptase Quantitative Polymerase Chain Reaction (RT-qPCR), RNA microarrays, and RNA-sequencing (131, 132). All techniques utilize the conversion of RNA transcripts into cDNA through reverse transcription, but RT-qPCR is limited due to its probing of only known gene regions. Both RNA microarrays and RNA-sequencing are instead capable of profiling entire transcriptomes. However, these two platforms differ in their benefits and limitations. Microarrays allow for the expression profiling of thousands of transcripts through cDNA hybridization using probes simultaneously. This methodology can only interrogate expression of known transcripts and selected exons. It also has a lack of specificity, or high background noise due to cross-hybridization of multiple transcripts to the same probe (132, 133). Examples of microarrays commonly used include the GeneChip Human 525 Exon 1.0 ST, which can interrogate over 1 million exon clusters, with four probes per exon on average. Another commonly used microarray with a smaller breadth of capabilities is the GeneChip HG-U133A 2.0, which interrogates 14,500 well-known genes.

RNA-sequencing instead uses NGS to fully catalog the transcriptome of a sample through sequencing of cDNA transcripts, regardless of whether they are known transcripts or not (134). RNA-sequencing allows for the characterization of transcriptomic features such as alternative splicing events and antisense transcripts (134). The most popular RNA-sequencing technique involves the capture of mRNA based on the presence of polyA tails at the 3’ end (polyA RNA-seq); an example of this technique is the Illumina TruSeq RNA library preparation assay (135). Another type of RNA-sequencing (total RNA-seq) is to capture the total RNA after depleting ribosomal RNA, which profiles RNA transcript levels of coding genes, noncoding regions, and small RNAs (136). The major limitation of this method is that it is more expensive than microarray technology. Additionally, RNA-seq libraries are relatively difficult to prepare and analyze compared to RNA microarrays. Overall, when studying global transcriptomic features of tumor cells and tissues, RNA microarrays allow for the consistent generation of tumor expression profiles, and RNA-sequencing technology allows for the discovery of novel transcriptomic events and the quantification of their overall expression.



4.2 Genes and signaling pathways dysregulated in prostate cancer

RNA-sequencing and microarray technologies have been used to analyze the transcriptomes of prostate carcinomas to better understand the gene expression patterns that are specific to the disease and contribute to tumorigenesis. Many of these expression changes are consequences of genomic or epigenomic alterations, which are used to categorize the molecular subtypes mentioned above. Gene expression changes found in prostate cancer can be understood through their effects on AR signaling (137). AR is essential for the normal growth and development of the prostate gland. Individuals with defective AR signaling do not experience prostate enlargement, and inhibiting AR activity results in reduced prostate size and symptoms (137). During prostate tumor cell transformation and carcinogenesis, AR activity is dysregulated, and androgen dependence and sensitivity is altered. For example, when AR transcriptional activity has been characterized in primary prostate tumors by the expression pattern of the AR gene itself as well as the 20 previously described AR target genes, tumors with SPOP or FOXA1 mutations have the highest AR transcriptional activity (47). This pattern is supported by the fact that SPOP mutant has been shown to induce AR signaling (138). FOXA1 mutations in prostate cancer cells are reported to reduce the number of AR binding sites but replaces AR function by increasing the activities of AR target genes (139) AR coactivators and FOXA1 are known to interact with AR by binding to numerous enhancers to increase AR signaling (77). However, AR activity varies among tumors with fusion involving an AR-controlled ETS gene (i.e. TMPRSS2-ERG, TMPRSS2-ETV1, TMPRSS2-ETV4, TMPRSS2-FLI1 fusions) (47). TMPRSS2-ETS fusion gene is reported to be regulated by AR, but it is highly expressed in both primary and metastatic prostate tumors, independent of AR transcription levels (47). Mechanistic models have been proposed regarding AR transcription and signaling, but ultimately the exact mechanisms that result in the formation of molecular subtypes throughout tumorigenesis is unknown (134).

AR signaling alterations are found to be associated with metastatic prostate tumors. For example, the expression of AR-V7 transcript variant that lacks LBD in metastatic prostate tumors is associated with resistance to hormone therapy (140). AR-V7 expression was not associated with the molecular subtypes of primary prostate tumors and AR transcriptional activity, however (47). AR expression in metastatic prostate cancer is also reported to altered by epigenetic changes such as enhancer and chromatin interaction changes (141). Additionally, AR expression is affected by changes in ncRNA transcripts, and subsequently affects the expression of other ncRNA transcripts (69).

There are additional genes and signaling pathways reported to be altered in prostate cancer. For example, prostate tumor samples with SPOP mutations have been associated with the overexpression of SPINK1 through activating the mitogen-activated protein kinase (MAPK) pathway (142). Other significant pathways found to be upregulated in prostate tumors are the phosphatidylinositol-3-kinase (PI3K)/Akt/mammalian target of rapamycin (mTOR), Ras/MAPK, DNA repair, and receptor tyrosine kinase pathways (143, 144).



4.3 Genes differentially expressed between AA and EA prostate cancer patients

Characterizing the genes and pathways linked to AA prostate tumor samples will allow researchers to better understand differences in tumor progression and treatment response between subgroups. When we searched studies that generated RNA-sequencing or microarray data from prostate tissue samples, and directly compared gene expression profiles between AA and EA prostate cancer patients, we found eight different studies (25–32) (Table 3).

The largest study among the 8 studies was performed by Rayford et al., which analyzed the gene expression patterns between 596 AA and 556 EA prostate cancer patients using the Human Exon 1.0 ST microarrays, as well as TCGA RNA-seq data (30). Major findings included the significant association of SPINK1 overexpression in AA patients relative to EA patients, and lack of TMPRSS2-ERG fusions (30). SPINK1 was also found to be overexpressed at the protein level more frequently in AA patient samples in the study by Khani et al. (12). The lack of TMPRSS2-ERG fusions in AA patients was also noted in patient samples analyzed by Echevarria et al. (25). Indeed, five (BCL6, EMP1, MYADM, SRGN, and TIMP3) of the six differentially expressed genes (APOD, BCL6, EMP1, MYADM, SRGN, and TIMP3) that Echevarria et al. suggested to be useful as AA-specific prostate cancer biomarkers were primarily present in the TMPRSS2-ETS fusion negative tumor samples (25).

Additionally, Rayford et al. found that the CRYBB2 and GSTM3 genes were upregulated in AA prostate cancer patients than EA patients (30). These genes were also reported to be upregulated in TCGA prostate cancer AA patients. CRYBB2 specifically was found by two studies to be overexpressed in AA men (28, 30) while another study indicated that it was underexpressed in AA men relative to EA men prostate tissue samples (29). Rayford et al. also reported that the biological pathways upregulated in AA patients were related to inflammatory response (e.g. IL33, IFNG, CCL4, CD3, ICOSLG), whereas the biological pathways upregulated in EA patients were related to DNA repair (e.g. MSH2, MSH6), metabolism, cell proliferation, and cell cycle (30). Inflammatory and immune pathway dysregulation was noted by other studies as well. A study by Hardiman et al. in 2016, which performed RNA-sequencing in 10 AA and 17 EA prostate cancer patients, observed that multiple immune and inflammatory pathways (e.g. IL2RG, CD1C, CD207, CCL4, CCL8, CXCR4) were upregulated in AA patients relative to EA patients (26). A study by Rahmatpanah et al., which analyzed RNA-seq data obtained from 15 AA and 30 EA prostate tumors, observed an upregulation of inflammatory and immune pathways (e.g. CXCL10, CXCL2, HLA-A, CCL2) (29). Using the Affymetrix GeneChip HU-U133A 2.0 array, Wallace et al. observed upregulation in the inflammatory pathway (e.g. CXCR4, CCL5, CCR7) in tumor samples from 33 AA patients relative to 36 EA patients as well (32).

Nagaya et al. performed RNA-sequencing in prostate tumors from 31 AA and 30 EA men and found 45 differentially expressed genes (28). The identified genes were not involved in the inflammatory and immune pathway. The most notable findings in this study were that four of the 45 differentially expressed genes were found to be in the neuroactive ligand pathway: GALR1, CHRM3, NPFFR1, and S1PR3 (28). S1PR3 expression level was higher in AA than EA prostate cancer patients whereas GALR1, CHRM3, and NPFFR1 expression level was lower in AA than EA prostate cancer patients (28). Expression changes found for NPFFR1 and S1PR3 genes were not reported by other studies (25–32). However, GALR1 was also found to be downregulated in AA patient samples compared to EA patient samples in one other study (27) and CHRM3 was found to be downregulated in two other studies (25, 30). Hardiman et al., which performed RNA-seq in prostate tumors from 33 AA and 27 EA men, reported downregulation of GALR1 in AA patients relative to EA patients, and reported differential expression of other genes in the neuroactive ligand pathway (27). For example, GABRP, ADORA2B, TACR1, TAAR1, and GABRQ were modestly downregulated in AA compared to EA, and AGTR1, F2RL2, NPY4R and GRIN3A were upregulated in AA compared to EA (27). Rahmatpanah et al. found that GRIN3A was also downregulated in AA relative to EA patients (29). The involvement of aberrant neuroactive ligand signaling pathway has been reported in other cancer types (145, 146).

Another pathway found to be differentially expressed between AA and EA prostate cancer patients across studies was the PI3K-Akt pathway, which is involved in cell survival, growth, and proliferation. For example, Rahmatpanah et al. found that genes involved in this pathway such as PIK3CA were overexpressed in AA samples relative to EA samples (29). Hardiman et al. also reported that PI3K pathway is altered and that some genes involved in the PIK3-Akt pathway were significantly upregulated (THBS4, CREB3L1, TNN, COL4A4, COL4A3, COL2A1, FGF12, MYC, and GNG13) and downregulated (SGK1, ANGPT2, FGF11, IL4, IL6, ANGPT4, THBS2, FLT4, NTRK2, PIK3R6, LAMA5, and MET) between AA and EA (27). However, these genes were not found to be differentially regulated in the Rahmatpanah study (29).

The Ras/MAPK pathway has also been implicated in prostate cancer. One study by Timofeeva et al. showed the overexpression of SOS1, an activator of this pathway, in prostate cancer tissues compared to normal prostate tissues at both mRNA and protein levels (31). The researchers showed that SOS1 expression was two-fold higher in AA men relative to EA men with prostate cancer (31). Interestingly, its overexpression was correlated to higher Gleason score, indicating that SOS1 overexpression could be a biomarker for AA disease severity (31).

Although the above eight studies revealed genes that are differentially expressed between AA and EA, these data have not entirely elucidated differences in prostate tumorigenesis in AA versus EA patients. Wallace et al., for example, compared their differentially expressed genes between AA and EA to the top 80 differentially expressed genes in prostate cancer (tumor vs. normal) and found no overlap (32). It is possible, however, that the differentially expressed genes classically found in prostate cancer were not studied with a large amount of AA patient samples, or that there are relatively less significant race-specific biological factors contributing to the progression of disease.




5 Discussion

In this study, we reviewed more than 20 studies that analyzed the genomes, epigenomes, and transcriptomes of prostate tumor tissue samples from AA and EA patients. Although there were several AA-specific alterations reported in more than one study, many of the findings reported by multiple research groups were contradictory to others. Another recent review on prostate tumor genomics also reported that there was no clear association between specific genetic changes and race (147). This could be due to the large variance in sample sizes of both EA and AA groups as the size of samples is crucial for getting statistically significant findings. To further evaluate the biological contributions, if any, to the clinical disparities that disproportionately affect AA men with prostate cancer, there needs to be a greater number of AA-specific studies that take account of genome-wide genomic, epigenomic, and transcriptomic approaches. For example, although there were a significant number of genes that are differentially expressed between normal prostate and prostate cancer, those genes were characterized in patient cohorts that were largely composed of EA men. Additionally, there are very few epigenetic studies relative to the number of genetic and transcriptomic studies. Evaluating prostate cancer in AA men with a whole genome approach with equally large sample sizes could possibly allow researchers to elucidate AA-specific biomarkers. It is recently reported that the RESPOND study (Research on Prostate Cancer in Men of African Ancestry: Defining the Roles of Genetics, Tumor Markers, and Social Stress) will characterize molecular genetic signatures from 10,000 AA prostate cancer patients.

Additionally, the methods by which the prostate tissue samples are obtained can bias study results. Prostate tissue for these studies was obtained from patients by different kinds of methods (e.g. biopsy versus prostatectomy, fresh versus frozen versus formalin fixed paraffin embedded tissue (FFPE), etc), which may lead to results that are not comparable. For example, the treatment of tissue samples ex vivo (e.g. FFPE) may affect tissue conditions. Moreover, the prostate tumor tissue samples themselves can be heterogeneous within the given subpopulation. For instance, tumor stage, cellularity, and microenvironment can affect genomic, epigenomic, and transcriptomic signals. In addition, there is substantial molecular heterogeneity among prostate tumors. Distinct genetic and molecular signatures have found to define molecular subgroups of prostate cancer. Considering the greater relative incidence and mortality that is suffered by AA men with prostate cancer, it is important that we further characterize prostate cancer molecular subgroups with appropriate AA patient representation.

Lastly, most studies rely on ethnicity information inferred from self-reported ancestry. It has been recently shown by Schumacher et al. that, upon analyzing the GENIE 8.0 registry, genetic mutational frequency differences determined across patients of varying self-reported race were either insignificant or in non-clinically actionable regions as of present, but this study was not included in our analysis due to unclear cohort sizes (148). It is important to confirm and measure ethnicity information from samples using genetic ancestry informative marker data that quantify the high heterogeneity among subpopulations.

In conclusion, to better understand racial disparities in prostate cancer, molecular genetic signatures that are differentially associated between AA and EA patients were characterized using various techniques. By reviewing over 20 published studies, we revealed that heterogeneous genomic, epigenomic, and transcriptomic alterations are found between AA and EA prostate cancer patients. However, as results are controversial across different studies, additional large-scale investigations that take into account of potential confounding factors are greatly needed. Elucidating molecular mechanisms of tumorigenesis associated with tumor subgroups will provide valuable resources to identify novel biomarkers and treatment modalities to improve the disparity of clinical outcomes between AA and EA patients.
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Background

A growing number of lifestyle interventions are being developed to promote weight loss and adoption of a healthful lifestyles among breast cancer survivors; yet Black and Latina women remain underrepresented.





Purpose

We performed a scoping review of the available peer-reviewed literature to describe and compare the content, design, methods, and primary outcomes of current diet and/or physical activity (PA) interventions after a breast cancer diagnosis among Black and Latina women.





Methods

We queried PubMed, EMBASE, CINAHL, MEDLINE, and Clinicaltrials.gov up to October 1, 2022, to identify all randomized controlled trials of diet and/or PA after diagnosis of breast cancer with a majority (>50%) of Black or Latina participants.





Results

Twenty-two randomized controlled trials were included in this review (five efficacy, twelve pilot, five on-going). Nine trials were among Latinas (two diet, four PA, and three diet/PA), six among Blacks (one PA and five diet/PA) and seven included both populations (five PA and two diet/PA), all of which examined different endpoints. Two of the five efficacy studies achieved their a priori outcome (one diet trial improved short term dietary intake; one PA trial achieved clinically significant improvements in metabolic syndrome score), both in Latinas. Eight pilot trials intervened on both diet and PA and three of them found favorable behavioral changes. Three (two for Latinas and one for Blacks) out of the nine diet and PA trials and three (all for Latinas) efficacy trials incorporated a culturally focused approach (i.e., traditional foods, music, Spanish content, bicultural health coaches, spirituality). Overall, four trials, including one efficacy trial, had one-year follow-up data, with three finding sustained behavior change. Electronic/mobile components were incorporated in five trials and one involved informal care givers. Most of the trials were geographically limited to the Northeast USA (n=8, NY, NC, DC, NJ) and Texas (n=4).





Conclusions

Most of the trials we identified were pilot or feasibility studies and of short duration, demonstrating the need for large randomized controlled efficacy lifestyle interventions among Black and Latina breast cancer survivors. Culturally tailored programing was limited but is an important component to incorporate in future trials in these populations.





Keywords: breast cancer, Hispanic/Latina women, Black/African American women, energy balance, diet intervention, physical activity intervention, randomized controlled (clinical) trial, survivorship





Introduction

Breast cancer is the most common type of cancer among women in the United States (US) (1). Historically, Black/African American (herein referred to as Black) and Hispanic/Latina (herein referred to as Latina) women have had lower incidence of breast cancer than Non-Hispanic White (herein referred to as White) women, but this gap is closing (2, 3). Of note, Black women are more likely to be diagnosed with breast cancer at an earlier age (3) and experience a 39% higher disease-specific mortality than White women (4, 5). While Latina women experience lower risk of breast cancer-specific mortality than White women, breast cancer remains the leading cause of cancer death among Latinas (2). Latina women are more likely to be diagnosed with regional or distant breast cancer and tumors with worse prognosis (i.e., Stage IV, larger and hormone receptor negative tumors) compared to White women (6, 7). Further differences exist at the intersection of race and ethnicity, for example among Latinas, Hispanic Black women have higher rates of triple negative breast cancer than Hispanic White women (6). Intervention strategies to improve outcomes in these populations are needed.

Obesity disproportionately burdens Black and Latina women compared to White women (8) and is strongly associated with breast cancer risk (9, 10) and prognosis (11–13). The age-adjusted obesity prevalence from 2013-2014 for Black and Latina women was 53% and 47% compared to 38% for White women (8). Severe obesity is also of concern in Black women; 17% of Black have a body mass index (BMI) over 35 kg/m2, compared to 9% and 10% of Latina and White women, respectively (8). Central adiposity is an important risk factor for postmenopausal breast cancer (14, 15) and is associated with hormone receptor positive tumors in Black women (16). Gaining weight before menopause is associated with increased breast cancer incidence (15, 17–19) and risk of recurrence (20, 21), as well as disease-specific and all-cause mortality (21–24). Weight gain after a diagnosis of breast cancer and initiation of adjuvant chemotherapy (25–28) increases risk of recurrence and breast cancer mortality (29). Given this evidence, it is crucial to promote physical activity, a healthy diet, and the avoidance of obesity and weight gain after a breast cancer diagnosis through the adoption of healthy lifestyle behaviors. Current guidelines from the American Cancer Society (ACS) recommend that cancer survivors follow a healthy diet (e.g. low in fat, rich in vegetables, fruits, and whole grains) and attain 150-300 minutes of aerobic exercise and do at least two strength training sessions weekly (30). The most recent American Society of Clinical Oncology (ASCO) guidelines recommend engaging in these behaviors as early as possible after diagnosis (31).

Various studies have examined adherence to the lifestyle recommendations among Black women with breast cancer with results showing low adherence to these (32–34). Nonetheless, to our knowledge, there are no studies of adherence to combined diet and physical activity guidelines among survivors of color. Data derived from studies of predominantly White women with breast cancer suggest that engaging in post-diagnosis, healthy lifestyles, consisting of a high-quality diet and any physical activity, is associated with a reduction in risk of both breast-cancer specific and all-cause mortality (35, 36). Lifestyle interventions consisting of both diet and physical activity counseling may help breast cancer survivors adopt and adhere to the recommended guidelines by providing evidence-based tools for survivors to adopt and maintain healthy behaviors (37). For instance, the Lifestyle, Exercise And Nutrition (LEAN) trial, enrolled 100 breast cancer survivors of whom 91% were White and 9% non-White, demonstrated improvements in body weight via an intervention on physical activity and consumption of healthy foods in survivors with breast cancer with an in-person or telephone counseling intervention compared to usual care (38).

In addition to promoting weight loss, physical activity may protect against or ameliorate certain complications from breast cancer treatment. Exercise trials during and after breast cancer treatment has improved lymphedema risk, cancer-related fatigue (39–41), quality of life (42, 43), emotional functioning (39), self-esteem (44), depressive symptoms (45), pain symptoms (39, 46), cardiovascular function (43), muscular strength (43, 44), sarcopenia (41) and age-associated muscle loss (i.e., dynapenia) (41), and chemotherapy completion rates (44). Observational studies in cohorts of predominantly White women have documented a link between diet quality and mortality in cancer survivors (35, 47, 48). For example, a study of 2,317 women (5.6% Black and 2% Latina) with invasive breast cancer participating in the Women’s Health Initiative found that women with a higher quality diet had a 26% lower risk of all-cause mortality and 42% lower risk of death from causes other than breast cancer, although no association was found with breast cancer-specific death (47). In a secondary analysis of the Multiethnic Cohort among 17,330 White, 9,014 Black, 17,595 Latina, 4,992 Native Hawaiian, and 21,239 Japanese American women, higher diet quality—measured by various dietary indices—was associated with lower risk of death from all causes, cardiovascular disease and cancer (48). Among 2,437 women enrolled in the Women’s Intervention Nutrition Study (WINS), where 5.2% of women identified as Black (n=127), 4% as Latina (n=98), and 6% as Asian/Pacific Islander (n==144), there was a 24% higher 5-year relapse-free survival in women who reduced their dietary fat intake compared to the control group (HR: 0.76; 95% CI, 0.6-0.98) (49, 50). However, the Women’s Healthy Eating and Living (WHEL) study conducted among 3,088 women (3.8% Black (n=118), 5.3% Latina (n=165), 3.1% Asian (n=96)), found that a diet high in vegetables, fruits, and fiber and low in fat was not associated with a reduction in additional breast cancer events or mortality (51), demonstrating that uncertainties about the effects of diet on breast cancer outcomes remain.

At present, our knowledge of the benefits of dietary and physical activity interventions for survivors with breast cancer in relation to health outcomes and health-related quality of life is derived from studies targeting mostly White women, with close to 200 lifestyle randomized lifestyle interventions published in this population to date (52). In a systematic review of 17 reviews, Lake and colleagues found that interventions that provided lifestyle counseling and support for both physical activity and diet components, where of longer duration, and were group-based, were the most effective to achieve weight loss and improvements in mental health outcomes among predominantly White breast cancer survivors (52). To better understand the state of lifestyle intervention research in Black and Latina women, we conducted a scoping review to summarize the current state of the evidence (53, 54) of diet and/or physical activity interventions for Black and Latina women after a diagnosis of breast cancer.





Materials and methods




Search strategy

Our scoping review adhered to the guidelines described in the Preferred Reporting Items for Systematic Reviews and Meta-analyses extension for Scoping Reviews (PRISMA-SCR) (55). A structured literature search was conducted through October 2, 2022, without date restrictions, in five databases: PubMed, EMBASE, MEDLINE, CINAHL, and clinicaltrials.gov. A PRISMA diagram summarizing our search and screening results is shown in Figure 1. The strategy (Appendix) used for our search was adapted from Spark et al. (56) and modified to include four overarching concepts: 1) breast cancer, 2) diet or physical activity intervention, 3) Black or Latina women, and 4) randomized study design. To identify ongoing studies in the clinicaltrials.gov registry, we restricted our search to “breast cancer” disease, studies with a clinical status of “not yet recruiting”, “recruiting’, or “enrolling by invitation”, study types categorized as “interventional (clinical trial)” and used a combination of the following: “diet”, “nutrition”, “physical activity”, “exercise”, “African American”, “Black”, “Hispanic”, “Latina”.




Figure 1 | Preferred reporting items for systematic reviews and meta-analysis extension for scoping reviews diagram flow of literature search.







Trial inclusion criteria

Literature screening was conducted using Covidence Systematic Review Software (Veritas Health Innovation, Melbourne, Australia. Available at www.covidence.org). Our search yielded 3,363 publications (Pubmed, n = 821; MEDLINE (OVID), n = 968; EMBASE (OVID), n = 1,415, CINHAL, n = 159). A total of 1,927 duplicates were excluded leaving us with 1,436 publications (Figure 1). For inclusion in this review, the publication had to report on results of a diet and/or physical activity intervention where ≥ 50% of participants identified as a Black or Latina women and had a history of breast cancer. During title and abstract screening, all 1,436 publications were screened by two authors (MSP, YMRR) and 70 studies were identified for full-text review. During full-text review, all studies were reviewed by two authors (MSP, YMRR) and 53 studies were excluded. Any discrepancies between the two reviewers were resolved by discussion among three authors (MSP, YMRR, MI) and by referencing the full text of the manuscript. Exclusion reasons were as follows: publication was a protocol or an abstract (n = 7), study did not include appropriate study population (not breast cancer patient/survivor or participants were not > 50% Black or Latina women; n = 20), study was not a behavioral diet and/or physical activity intervention (n = 5), study was not a randomized controlled trial (n = 5), and study was a secondary analysis or publication from a trial previously included (n = 16). The clinicaltrials.gov registry search resulted in five trials registered as on-going that did not have publications on primary outcomes.






Results

We identified a total of twenty-two diet and/or physical activity intervention articles that met our inclusion criteria. A brief description of key characteristics of published studies is shown in Table 1. A detailed description of completed studies is provided in Table 2. A summary of completed trials with published findings is presented in Table 3. A brief description of trial characteristics and primary outcomes for registered ongoing and withdrawn trials is provided in Table 4.


Table 1 | A brief description of key characteristics of published studies (N = 17).




Table 2 | Description of completed randomized controlled trials focused on dietary and/or physical activity behavioral changes in Black and Latina breast cancer survivors; sample, intervention, and methodology characteristics (N = 17).




Table 3 | Findings of completed randomized controlled trials focused on dietary and/or physical activity behavioral changes in a Black and Hispanic/Latina breast cancer survivors (N = 17).




Table 4 | Withdrawn and ongoing randomized controlled trials targeting physical activity behavioral changes in a Black and Latina breast cancer survivors (N = 5).



Among our 22 included trials, five were efficacy trials (57–60, 63), twelve were author-defined feasibility/pilot studies (61, 62, 64, 66–69, 85–89) and five were on-going trials (90, 91) [NCT03120390, NCT02982564, NCT05176756]. Among the 17 completed trials, 2 evaluated a diet intervention, 6 intervened on physical activity, and 9 targeted both diet and physical activity, but these studies differed in outcomes, intervention components, and study duration. Most completed trials (n=14) were conducted in survivors with stage I-III breast cancer, while nine trials also included stage 0 (57–59, 62, 64, 66–69), and three included stage IV breast cancers (60, 67, 87). Three studies did not report disease stage (61, 85, 89). The sample size across the 17 completed studies ranged from 20 to 246, with six trials focusing only on Black women (61, 63–65, 68, 89), five only on Latina women (57, 58, 69, 85, 87) and six including both groups (59, 60, 62, 66, 67, 86). Included trials were geographically limited to the Northeast USA (n=8, NY, NC, DC, NJ), Texas (n=4), California (n=3), Arizona (n=2), Illinois (n=2), Puerto Rico (n=1), Massachusetts (n=1) and one ongoing at three sites (California, New York, and Pennsylvania).




Diet interventions (n = 2)




Efficacy trials (n=2)

The ¡Cocinar Para Su Salud! trial was a culturally tailored dietary intervention by Greenlee et al. in 70 Latina survivors with breast cancer randomized to either a 12-week intervention arm (n=34) or the usual care arm (n=36) (57). The intervention arm included weekly nutrition education sessions with dietitians and chefs using an adaptation of a commercially available nutrition course, “Cook for Your Life” (www.cookforyourlife.org). The study culturally tailored their intervention by including cultural values (e.g., family and community), a bilingual nurse who self-identified as Hispanic/Latino and Spanish cooking sessions with a chef. The primary goal of the intervention was to test the effectiveness of the program to help women achieve and maintain the dietary behavioral guidelines. At 3-months, the intervention arm compared to controls, had significant improvements in daily servings of all fruits and vegetables (F&V), daily total caloric intake, and total dietary fat percent of daily total energy. At 12 months, maintenance of F&V intake was observed for the intervention group compared to the control arm. However, at 12 months there was no effect of the intervention on maintenance of improvements in intake of dietary fat, weight change, BMI change, and waist circumference.

Zuniga et al. conducted a 1:1 randomized trial of 153 survivors with breast cancer (125 completed the study: 51.2% Latina, 42.4% White, and 6.4% other race/ethnicity) that examined the effect of an education and culinary-based dietary intervention vs. usual care on adherence to the Mediterranean dietary pattern (58). Cultural adaptations were not reported. The primary goal of the intervention was to improve consumption of anti-inflammatory foods, spices, and herbs via monthly workshops over a span of 6 months that included hands-on cooking demonstration. Analysis for study completers only demonstrated increased adherence to an anti-inflammatory dietary pattern driven by behavioral changes in 3 out of 14 items in the Mediterranean diet recommendations (reduced intake of red meat and commercial sweets or pastries and increased servings of fish). Long-term follow-up was not conducted.






Physical activity interventions (n = 6)




Efficacy trials (n = 2)

Dieli-Conwright et al. conducted a 1:1 randomized trial of 100 survivors with breast cancer (26% White, 55% Latina, 4% Black, 15% Asian/Pacific Islander) to examine the effect of a 16-week physical activity intervention arm involving three weekly sessions of supervised aerobic and resistance exercise compared to a wait list control arm on metabolic syndrome, sarcopenic obesity, and inflammatory biomarkers (59). No cultural adaptations were reported. The primary endpoint was change in metabolic syndrome z-score post intervention (4 months) with a 3-month follow-up in the intervention arm only. A favorable change in metabolic syndrome z-score, sarcopenic obesity and body composition was observed for intervention arm compared to waitlist control arm by the end of the 16-week intervention. At the 3-month follow-up, the percent of participants in the intervention arm with metabolic syndrome was unchanged.

Moadel et al. (60) conducted a study examining the effects of Hatha yoga sessions compared to waitlist control arm on quality of life among Black breast cancer survivors (n=128). The primary goal was to observe changes in quality of life. The study did not report any cultural adaptations for the intervention. Moadel et al. found an unexpected decrease in social well-being for the intervention group, although the decrease was greater in the waitlist control arm (2% vs. 13%, respectively, p <0.001). No long-term results have been reported.





Pilot/feasibility trials (n=4)

Mama et al. conducted Project VIVA!, which was a four month, three-arm, randomized pilot intervention among 89 Latina survivors with breast cancer residing in Texas or Puerto Rico (87). The trial compared the effect of a culturally adapted physical activity program and a standard physical activity program to a waitlist control arm on social cognitive theory outcomes and level of physical activity and sedentary time. The culturally tailored approach included culturally relevant images, messages and examples on the topics of self-efficacy, social modeling and social support. At 16 weeks post-intervention, there were no statistical differences between the culturally tailored and the standard physical activity intervention, but there were significant improvements from baseline to follow-up in exercise self-efficacy and physical activity intensity for both intervention arms compared to waitlist control arm. No long-term results have been reported.

Lee et al. conducted an 8-week, two-arm randomized pilot study of a high intensity interval training intervention vs. waitlist control arm on patient reported outcomes (quality of life, cancer-related fatigue, and mindfulness) and physical function among 30 patients with breast cancer (73% Latina) undergoing anthracycline-based chemotherapy (86). No cultural adaptations were reported. No statistically significant differences were found for physical activity level, weight, or BMI between groups, although researchers observed improvements in quality of life and cancer-related fatigue. Adherence was 82.3% for the intervention arm. Long-term results have not been reported.

Soltero et al. conducted an 8-week, 2-arm randomized pilot study of 20 survivors with breast cancer (65% Latina, 25% White, 5% Black, 5% Mixed race/ethnicity) (62) to compare the effect of Latin dancing (intervention arm 1) to that of Qigong/Tai Chi (intervention arm 2) on overall activity (measured daily steps with a 7-day pedometer) and body mass composition. No differences were found by intervention arm for the primary outcomes. Long-term results have not been reported.

Taylor et al. (61) conducted a study examining the effect of a Pranayama yoga intervention compared to a waitlist control arm on changes in psychosocial and functional outcomes among 33 Black breast cancer survivors. Cultural adaptions were not reported. They found significantly lower depression scores on the Center for Epidemiologic Studies Short Depression Scale (CES-D-R 10) at 2 months for the intervention arm compared to the waitlist control arm. Long-term results have not been reported.






Combined diet and physical activity interventions (n = 9)




Efficacy trials (n = 1)

Stolley et al. conducted the Moving Forward trial, a lifestyle intervention for Black survivors with breast cancer that aimed to achieve a 5% weight loss (63) via an interventionist-guided (n=125) vs. self-guided (n=121) weight loss program focused on caloric restriction over 6 months. This study did not include a usual care arm. The Moving Forward program was culturally tailored to focus on food, family, music, social roles and relationships, and spirituality and religion for Black survivors. Compared to the self-guided arm, by 6-months the interventionist-guided arm experienced significantly greater weight loss, increase vigorous physical activity, and fiber consumption, and a decrease in daily energy and added sugars. By 12 months, the changes that persisted were improvements in physical activity, daily energy intake, and fiber and sugar consumption.





Pilot/feasibility trials (n=8)

We identified eight pilot/feasibility trials that incorporated both diet and physical activity into the intervention. We further subdivide this section into trials that incorporated an electronic/mobile component and trials that do not.





Pilot trials with an electronic/mobile component (n=5)

Ferrante et al. conducted a two-arm randomized pilot intervention among 37 Black survivors with breast cancer to examine the feasibility and efficacy of a commercially available exercise and diet self-monitoring website (SparkPeople) plus a Fitbit activity tracker (intervention arm) versus a Fitbit only waitlist control arm with a goal of 5% weight loss. No cultural adaptations were used in the study. At six months post-intervention, there was no difference in weight loss in the intervention arm versus the waitlist control arm (64). Long-term results have not been reported.

Valle et al. conducted a three-arm pilot, randomized intervention among 45 Black survivors with breast cancer that allocated participants to self-regulation of diet and exercise behaviors, daily weighing plus activity tracking (intervention arm 1), self-regulation only (intervention arm 2), and waitlist control arm over three months (65). The program focused on self-regulation of diet, exercise behaviors, and daily weighting for weight gain prevention. The study did not report use of cultural adaptations. After the 3-month intervention, no differences in median weight change were observed for the intervention arms compared to the waitlist control arm. Long-term results have not been reported.

Paxton et al. conducted the A Lifestyle Intervention Via Email (ALIVE) trial, a two-arm randomized pilot study (dietary arm vs. physical activity arm) delivered via an individualized website and interactive emails among 71 survivors with breast cancer (83% Black, 11% Latina ad 6% Mixed-race) (67). Over 3 months, the diet intervention arm focused on achieving intake of ≥ 3.5 fruits and vegetable servings/day, decreasing intake of added sugars to ≤50 g/day and ≤10% of calories from saturated fat, while the physical activity intervention arm aimed on engaging participants in ≥150 min/week of moderate to vigorous physical per week. No cultural adaptations were used in this study. Participants in the physical activity intervention arm increased their moderate to vigorous activity to a greater extent than those in the dietary intervention arm. No differences were observed in change in dietary behaviors between the physical activity and dietary tracks post intervention. Long-term follow-up was not reported.

Buscemi et al. conducted a six-week, two-arm, pilot, randomized mobile application intervention among 80 Latina breast cancer survivors comparing the My Guide app (a health-related quality of life app) to My Health app (a lifestyle focused app), which was designed with culturally appropriate lifestyle promotion information (69). Culturally tailoring of the intervention involved obtaining feedback from a community partner organization, Latina breast cancer survivors, and physicians. It included English and Spanish materials, all written content available as an audio file and culturally appropriate healthy recipes. At 6 weeks post intervention or at 8 weeks follow-up, no significant differences between the two arms were found for fruit and vegetable intake, physical activity, or sedentary behavior. Long-term follow-up was not reported.

Allicock et al. conducted a 4-week, 2-arm randomized controlled pilot intervention to examine the feasibility and efficacy of the Creating Healthy Actions through Technology (CHAT) mobile application compared to usual care among 22 Black survivors with breast cancer (89). Cultural adaptations of the intervention were not reported. No differences between study arms were observed for fruit and vegetable intake, fast-food intake, moderate to vigorous physical activity or sedentary behavior at post intervention or at the 8-week follow-up. Adherence was high, with 72% of participants completing the program. Long-term follow-up was not reported.





Pilot trials without an electronic/mobile application-based component (n=3)

Greenlee et al. conducted the La Vida Activa/An Active Life, a randomized, wait-list controlled pilot study examining the effect of a commercially available Curves exercise and nutrition program on 5% weight loss among 33 Latina and 9 Black survivors (66). Linguistic adaptions, but not cultural, were incorporated with courses were offered in Spanish and English. Greater weight loss in intervention arms compared to the waitlist control arm, was found post intervention and at 12 months, but not at 6 months.

Sheppard et al. conducted The Stepping STONE (Survivors Taking on Nutrition and Exercise) trial, a randomized pilot trial of a 12-week culturally-tailored nutrition and supervised exercise program delivered in person and via phone among 31 Black women (68) with the goal of achieving 5% weight loss. To culturally tailor the intervention, researchers incorporated content on faith, spirituality, traditional/cultural foods, body image perceptions and risk-related information relevant to the Black survivor’s population. No differences in weight loss were found between the intervention and control arms. However, the intervention arm experienced a 3.6-fold increase in physical activity, improved cardiovascular fitness, and reduced total energy intake, total fat, and percent of energy from fat, as well as increased fiber intake (68). Long-term follow-up was not reported.

Crane et al. reported on the Nuestra Salud/Our Health, a two-arm randomized, telephone-based pilot trial involving 45 dyads composed of Latina cancer survivors, 83% of whom had breast cancer, and their caregivers (85) to evaluate the feasibility, acceptability, and efficacy of a 12-week culturally (e.g., bicultural health coach, social support) and linguistically (English and Spanish) appropriate program involving symptom management and a lifestyle intervention focused on meeting diet (2.5 or more cups of fruits and vegetables) and physical activity guidelines (at least 150 minutes of moderate to vigorous activity). None of the participants in the intervention arm met the intervention diet and physical activity guidelines. The trial had high reported acceptability and completion rate (86%). Long-term follow-up was not reported.







Discussion

To our knowledge, this is the first scoping review of randomized dietary and/or physical activity interventions focused on Black and Latina breast cancer survivors. Overall, three efficacy and five pilot studies achieved statistically significant changes at least in one of their measured outcomes, but the diversity in outcomes makes results across studies difficult to compare. In addition, only 2 efficacy and 2 pilot studies captured long-term outcomes up to 12 months, but not beyond, limiting our ability to assess long-term benefits of these interventions. Overall, tailoring of the intervention to meet the unique cultural needs of breast cancer survivors of color across the trials included in this review was limited. Only four efficacy and four pilot studies mentioned the incorporation of a culturally tailored approach. This review highlights the need for lifestyle interventions that incorporate both diet and physical activity behaviors, fully powered efficacy trials and potentially more trials that incorporate electronic/mobile components (92) and informal sources of support/social networks (family, friends, caregivers) (93, 94) as these are important determinants/facilitators of lifestyle behavior change for Black and Latina survivors.

The exercise intervention by Dieli-Conwright and colleagues is the first randomized controlled trial intervention conducted in a majority Latina breast cancer survivor population to demonstrate efficacy in reducing the prevalence of metabolic syndrome by 63% and improving inflammatory biomarker profiles after three supervised, one-on-one exercise sessions per week for 16 weeks (59). The culturally tailored Moving Forward diet and physical activity program resulted in weight loss of 3%, although the a priori intervention goal was 5% (63). The ¡Cocinar para su Salud! Trial was highly successful at achieving its a priori goal of helping participants meet dietary guidelines; and a secondary analysis of this study concluded that changes in taste and snack preferences for F&V may be the most important mediator for long-term increases in behavioral interventions in Latina women (95). However, this study did not intervene on physical activity which may explain why weight changes were not observed (57). Among the efficacy trials reviewed, only one of them (63) offered a comprehensive lifestyle program of both diet and physical activity—the main components of the ACS recommendations for cancer survivors. We believe lifestyle behavioral interventions that do not incorporate both diet and physical activity may not be maximizing the full potential that favorable changes to both lifestyle behaviors can have on weight loss and ultimately breast cancer outcomes.

Among the pilot/feasibility studies included in this review, eight of them incorporated a comprehensive behavioral change program (diet and physical activity) and cultural adaptations were incorporated into three of the pilot trials (68, 69, 85). None of these pilot trials achieved the behavioral a priori goal (64–69, 85, 89). The lack of success in achieving behavioral changes seen in these trials may be attributed, in part, to their small sample sizes and reduced power to detect small differences, having baseline samples with high levels of physical activity, and short intervention durations. In addition, during the design and development of behavioral change interventions for cancer survivors we must take into consideration the added burden of time, travel distance, and financial considerations of attending in person interventions (96). With the development and penetrance of technology into health care the use of mobile and electronic based tools for the delivery of cancer care, symptom monitoring, and health behavior interventions is increasing (97–99). Since there was broad variability on the different types of technology used, ranging from activity trackers as used by Ferrante and Valle (64, 65) in their pilot studies to the development of mobile apps as used by Buscemi and Allicock (69, 89), it is dificult to fully assess which electronic formats could be most beneficial. Studies evaluating the acceptability and preferences for technology use in behavior interventions among survivors with prostate and breast cancers highlight that while technology interventions seem acceptable, especially given the ubiquitous and even higher rates of use among Latino adults relative to other racial and ethnic groups (92), there is variability in survivor preferences of content and that these interventions may be more intuitive when participant’s health literacy and familiarity with technology is optimized (100, 101).

Greenlee et al. (57) and Crane et al. (85) demonstrated successful uptake and maintenance of healthful behaviors in culturally tailored interventions. Some examples of how these interventions were tailored include delivery of intervention by bicultural professionals, having content in Spanish and English, modifying lifestyle recommendations to meet participant’s cultural traditions, and incorporating sources of support (i.e., caregivers). Few interventions incorporated social support systems to help survivors with breast cancer adopt healthful behaviors, despite long standing evidence that social networks have important influences on health behaviors and decisions about health and health care, including engaging in cancer preventive behaviors (102). A secondary analysis of the ¡Cocinar para su Salud! Trial by Greenlee et al. found that that participant’s network of family (spouse and children) and friends were perceived as high sources of support to share and engage in food-related and exercise activities, but most participants also perceived family members as a barrier to eating healthy foods (93). Studies that actively engage the participant’s network may be more successful in the adoption and long-term maintenance of lifestyle behavior changes after breast cancer.

It is difficult to assess if cultural adaptions to exercise interventions may confer superior benefits over a standard exercise intervention (87), as there is only one pilot trial conducted by Mama et al. which was null (103), but it has a small sample size (culturally adapted intervention, n=30, standard intervention, n=59, control, n=30). Furthermore, this study was conducted with Puerto Rican women residing in Puerto Rico and Mexican women residing in Texas, so these results may not generalize to all Latina women who reside in the continental US as well as those of other ethnic backgrounds. Large-scale efficacy trials with cultural adaptations to exercise with greater Hispanic/Latino ethnic representation from different geographic areas as well as among Black survivors are needed to fully understand the impact adapting content could have on changing physical activity.

While findings from this review suggest that lifestyle interventions may be effective in Black and Latina survivors with breast cancer, there are some important limitations within the published literature in this area of research. Like studies in non-minority populations, there is a lack of long-term data on the existing interventions among racial and ethnic minoritized groups on survival and long-term health benefits of exercise and healthy eating and maintenance of behaviors. In the trials reviewed, only four (57, 63, 64, 66) examined maintenance of healthy eating behaviors at 1-year post-intervention, with only two of them being efficacy trials (57, 63). Future trials should consider incorporating a maintenance assessment component. A better understanding of the long-term adoption of lifestyle behavior changes and the impact on breast cancer outcomes may facilitate the translation of lifestyle interventions into clinical practice. Although nine trials included Latina survivors, it is not clear whether three of the interventions (59, 60, 67) were available in Spanish for non-English speaking survivors or survivors who preferred speaking in Spanish for their treatment-related care. Interventions that are restricted to English-speaking Latina women may not be generalizable to the larger population of Latina survivors with breast cancer and continues to foment underrepresentation of a vulnerable subgroup of Latina women in the US. Trials included in this review included few advanced stage breast cancers which are known to be more prevalent in the Black (36% regional, 9% distant) and Latina (33% regional, 6% distant) breast cancer patient population compared to White (26-30% have regional, 5% distant) women (5, 104) and therefore limit generalizability of findings to wider samples of Black and Latina survivors. Among trials reviewed, only three randomized women with a history of stage IV breast cancer (60, 67, 87). Given the beneficial effects of diet and exercise interventions on treatment adherence (44), quality of life (44, 105, 106), physical functioning (105), and survival (107), researchers should consider expanding inclusion criteria of lifestyle interventions to patients with advanced disease, though the exercise component may need to be modified in some individuals. Additionally, most of the trials in this review did not report intent-to-treat analyses. By assessing the efficacy of an intervention based on who completes the study, rather than who is randomized, we eliminate the benefits provided by a randomized study design and potentially introduce selection bias.

According to the Clinicaltrials.gov registry, five trials in Latina and Black breast cancer survivors, patients, or women at risk of breast cancer are ongoing. Of these, one was withdrawn because the principal investigator changed institutions and one is completed, but findings have yet to be published. The three non-completed ongoing trials only intervene with physical activity and are split between Latina participants (NCT04717050, NCT02982564), and Black/Latina participants (NCT05176756), with the goal to examine change in metabolic dysregulations, various physical and mental health outcomes (cardiovascular fitness, quality of life, physical functioning, depression, and body image), and physical performance scores, respectively. The withdrawn trial (NCT03120390) also intervened on physical activity only and aimed to examine changes in metabolic dysregulation among Latina participants. Lastly, we enthusiastically await the findings for the Mi Vida Saludable/My Healthy Life trial by Hershman and colleagues (NCT02780271) that was completed on September 11, 2020 (90) which evaluated the synergistic effects of an in-person hands-on dietary and physical activity change curriculum and e-communication stratifies on behavior change in a 4-arm randomized controlled study (90).

There are a few notable limitations among the four on-going trials, including moderate sized samples ranging from 142-160 participants. Moreover, just one of these trials incorporates both diet and physical activity components to the intervention and none include weight loss as a primary outcome. We believe that incorporating both diet and exercise counseling in lifestyle interventions may be most optimal to achieve clinically meaningful weight loss (5%) and long-term maintenance of improved behaviors. Nonetheless, we look forward to the publication of the findings from all these trials as they may provide additional insights into the development of lifestyle interventions tailored for breast cancer survivors of color.

In alignment with the nature of scoping reviews (53, 54, 108) which is to “provide an overview of the existing evidence regardless of methodological quality or risk of bias” (55), our report provides a synthesis on the evidence on lifestyle interventions for Black and Latina women with breast cancer. We summarized published and on-going randomized lifestyle interventions, we described the populations that have been included, the type of intervention or programming content used, and the outcomes measured. We summarized each study’s findings and concluded by highlighting knowledge gaps and directions for researchers and interventionists in the development of new lifestyle behavior change trials for Black and Latina women with breast cancer. In accordance with expert guidance on reporting of evidence in scoping reviews, our report does not provide a critical appraisal (or a risk of bias assessment) of this body of evidence (53, 55, 108, 109).

In conclusion, this review highlights the immediate need for additional large-scale, multi-site, randomized clinical trials consisting of diet and physical activity behavioral interventions specifically designed for Black and Latina women diagnosed with breast cancer. Trials that remove English-language eligibility criteria and provide interventions in both Spanish and English, according to participant preference, are warranted. Diet and physical activity trialists should also consider interventions that begin at the time of a breast cancer diagnosis and are conducted simultaneously with treatment (110). Intervening immediately upon receipt of a breast cancer diagnosis may be beneficial to limit treatment-related weight gain and reduce side effects, promote timely treatment completion and adherence, and ultimately, improve survival (111, 112). The findings reported in this scoping review should be considered when designing lifestyle interventions in women diagnosed with breast cancer. Randomized trials in Black and Latina women are needed that evaluate efficacy outcomes, that have long-term follow-up, that are culturally tailored, that intervene from moment of diagnosis, and that incorporate electronic/mobile components and social networks/sources of support for survivors of color.
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Background

For several decades, Black patients have carried a higher burden of laryngeal cancer among all races. Even when accounting for sociodemographics, a disparity remains. Differentially expressed microRNAs have been linked to racially disparate clinical outcomes in breast and prostate cancers, yet an association in laryngeal cancer has not been addressed. In this study, we present our computational analysis of differentially expressed miRNAs in Black compared with White laryngeal cancer and further validate microRNA-9-5p (miR-9-5p) as a potential mediator of cancer phenotype and chemoresistance.





Methods

Bioinformatic analysis of 111 (92 Whites, 19 Black) laryngeal squamous cell carcinoma (LSCC) specimens from the TCGA revealed miRNAs were significantly differentially expressed in Black compared with White LSCC. We focused on miR-9-5 p which had a significant 4-fold lower expression in Black compared with White LSCC (p<0.05). After transient transfection with either miR-9 mimic or inhibitor in cell lines derived from Black (UM-SCC-12) or White LSCC patients (UM-SCC-10A), cellular migration and cell proliferation was assessed. Alterations in cisplatin sensitivity was evaluated in transient transfected cells via IC50 analysis. qPCR was performed on transfected cells to evaluate miR-9 targets and chemoresistance predictors, ABCC1 and MAP1B.





Results

Northern blot analysis revealed mature miR-9-5p was inherently lower in cell line UM-SCC-12 compared with UM-SCC-10A. UM -SCC-12 had baseline increase in cellular migration (p < 0.01), proliferation (p < 0.0001) and chemosensitivity (p < 0.01) compared to UM-SCC-10A. Increasing miR-9 in UM-SCC-12 cells resulted in decreased cellular migration (p < 0.05), decreased proliferation (p < 0.0001) and increased sensitivity to cisplatin (p < 0.001). Reducing miR-9 in UM-SCC-10A cells resulted in increased cellular migration (p < 0.05), increased proliferation (p < 0.05) and decreased sensitivity to cisplatin (p < 0.01). A significant inverse relationship in ABCC1 and MAP1B gene expression was observed when miR-9 levels were transiently elevated or reduced in either UM-SCC-12 or UM-SCC-10A cell lines, respectively, suggesting modulation by miR-9.





Conclusion

Collectively, these studies introduce differential miRNA expression in LSCC cancer health disparities and propose a role for low miR-9-5p as a mediator in LSCC tumorigenesis and chemoresistance.





Keywords: cancer health disparities, laryngeal squamous cell carcinoma, miR-9, head and neck cancer, ABCC1, MAP1B





Introduction

Black Americans carry a higher burden of head and neck squamous cell carcinoma (HNSCC) compared with other races (1–3). The underlying cause is multifactorial. In part, the disparities may be explained by differences in social determinants of health, including socioeconomic status, access to care, education and literacy (4–6). Clinically, Black patients present with HNSCC at younger age, have higher stage cancers, are more likely to present with advanced cancers (T-stage, N-stage) and while mortality rates have for HNC have decreased, a higher mortality rate remains for Black Americans relative to other races (7, 8).

The most commonly involved anatomic sites include the oral cavity, oropharynx, and larynx. Among the three, laryngeal squamous cell carcinoma (LSCC) harbors the lowest 5-year survival rate; moreover, treatment-related comorbidities and loss of quality of life also have resulted in some of the highest rates of suicide (1, 9). Black Americans have maintained a higher incidence of LSCC for over several decades, presenting with a greater likelihood of advanced stage disease and increased mortality (10–12). It is no surprise that socioeconomic and environmental factors play a role in these disparate clinical outcomes, however, after controlling for these factors, a disparity persists (13–15). There are few studies that have considered biology as a contributing factor to LSCC clinical disparate outcomes (16). Moreover, there are none that have explored the role of noncoding RNAs.

microRNAs (miRNAs) are small noncoding RNAs that are prominent players in many physiologic and pathologic processes including cell differentiation, proliferation, and survival (17). Understandably, deregulation of miRNAs can have a profound impact on cellular regulation and gene expression. They have been found to contribute to tumor development and metastasis in many cancers including LSCC (17–19). Differential expression of miRNAs has been found to be a feature of cancers where Blacks carry an unequal burden and have poorer outcomes (20–25). These studies have demonstrated that these biologic mediators and their targets vary by race and ethnicity (26). In addition, these reports suggest that differences in miRNA expression may explain disparate clinical outcomes in Black patients and may be exploited for their prognostic and predictive value (27, 28).

Here, we present our bioinformatic analysis of miRNAs in LSCC using the Cancer Genome Atlas where we use it to explore differential expression of miRNAs in Black compared with White patients. From this analysis, we turned our attention to investigating the role of miR-9-5p. Using two race-specific cell lines, we explore potential role of mir-9 in modulating a malignant phenotype cell and influencing chemoresistance. Finally, we explore the gene expression of two known targets of miR-9. To our knowledge, this is the first study of its kind in head and neck cancer, specifically LSCC. Overall, evaluating differential miRNA expression in the context of LSCC cancer health disparities and subsequently investigating their role as potential mediators of disease may provide opportunities to clinically predict treatment response and survival.





Methods




Bioinformatic analysis

Alignment files (bam files) for 92 White and 19 Black LSCC patients were downloaded from The Cancer Genome Atlas Head-Neck Squamous Cell Carcinoma (TCGA-HNSC). All bam files were converted to fastq files using bedtools (29). The raw reads from fastq files were preprocessed using mapper.pl from miRDeep2 (30). Quality control was performed by removing reads with alphabets other than a, c, g, t, u, n, A, C, G, T, U, N and reads less than 15 nucleotides long from downstream analysis. The remaining reads were aligned to human miRNA precursors downloaded from miRBase release 21 (31) using quantifier.pl from miRDeep2. Alignment between precursor and mature miRNA was performed to generate the final miRNA counts. In doing this, mature miRNA sequences were first downloaded from miRbase and aligned to their miRNA precursors. Then, the alignment between mature miRNAs and the reads were compared and the number of reads falling within 2nt upstream and 5nt downstream of the corresponding miRNA was taken as the read counts for that miRNA.

Differential expression analysis was performed to compare miRNA expression between Black and White tumor samples. Counts were normalized using Relative Log Expression (RLE) implemented from edgeR (32). A negative binomial generalized log-linear model implemented in edgeR was used for differential analysis. EdgeR differential expression analysis was performed using the White tumor group as the reference by default; the direction of the fold-change was reversed post-hoc to consider changes in Black tumor samples relative to White tumor samples. Significantly differentially expressed miRNAs identified at a fold change >1.5 and a p value < 0.05.

Sex was not considered as a biological variable due to the limited sample size of females within the TCGA dataset used for analysis. Randomization of the TCGA cohort was irrelevant because the study was specifically designed to explore differential miRNA expression by race. Blinding was also deemed irrelevant to the study design. Power analysis was not conducted for the RNA-Seq TCGA patient data because our exploratory data analysis was constrained by the limited data points available within the database following race stratification (92 White versus 19 Black).





Laryngeal cancer cell lines

Human laryngeal squamous cell carcinoma cell lines, UM-SCC-12 (Black patient derived; RRID: CVCL_7717) and UM-SCC-10A (White patient derived; RRID: CVCL_7713) were authenticated via short tandem repeat typing and further genetically characterized (33, 34) prior to purchase from the University of Michigan Head and Neck cell line repository. Both cell lines were age, sex, grade and stage matched (see Supplementary Table 1). Cells were cultured in a T 75cm2 flask containing Dulbecco Modification of Eagle’s Medium 1X (DMEM, 10-013-CV, Corning) supplemented with 10% heat inactivated fetal bovine serum (FBS, 35-011-CV, Corning), and 2% Penicillin/Streptomycin (PENSTREP, 15-140-122, Gibco) within a humidified incubator containing 5% CO2 at 37°C. Cells were utilized in the following assays upon reaching 80% confluence.





miRNA Northern blot




Preparation of IR labeled probes

IrNorthern probe sequences for U6, miR-191-5p, miR-9-5p, miR-16 and let7a (see Supplementary Table 2). Probes wereconjugated with DBCO-IR dye and then were purified by AMPure XP beads as previously described (35, 36).





Northern blot analyses

Northern blot analyses were performed using near infrared dye-labeled probes as previously described (35, 36). Briefly, 15 µg of total RNA from either UM-SCC-10A or UM-SCC-12 was separated using 15% Urea-PAGE and contents were subsequently transferred to Hybond N+ membrane (GE) using LifeTech transfer module at 0.2 Amp for one hour. The membrane was crosslinked twice using 254nm UV crosslinker at 120 mJ/cm2. The membrane was then placed in a hybridization oven and incubated with 10ml ExpressHyb hybridization solution (Takara) in a hybridization tube for 30 minutes at 30°C. IR-dye labeled probes and the membrane were then hybridized overnight at 30°C. After overnight hybridization, the membrane was washed twice, with 2x SSC buffer containing 0.1% SDS and 1x SSC buffer containing 0.1% SDS, respectively. For both washes, membrane was shaken at 110 rpm for 10 minutes at room temperature. Following washes, membrane was scanned on Amershan Typhoon scanner (GE health) to detect emission at 600 nm and 800 nm.






Transient transfection

In a 12-well format, UM-SCC-12 or UM-SCC-10A cells were reverse transfected with 50nM of either miR-9 mimic or inhibitor, respectively (see Supplementary Table 3 for oligo sequences and product information). Transfection efficiency was enhanced through the use of Lipofectamine RNAiMAX (13778075, Thermo Fisher) and Opti-MEM I Reduced Serum Medium (31985062, Thermo Fisher) per manufacturer’s instructions. Cell growth was optimized to ensure 60-80% confluency by assay endpoint. Length of transfection was dependent upon validation assay performed. All assays were performed in triplicate.





Scratch wound assay

The scratch wound assay was used to assess cell migration. 24 hours post transfection, the confluent cell monolayer was disrupted using a 1000µL pipet tip. Images were captured at 0h, 24h, 48h, and 72h post cell monolayer disruption using the EVOS FL Cell Imaging System (ThermoFisher). The wound healing size tool plugin for ImageJ (RRID: SCR_003070) was used to quantify wound healing at each timepoint.





Cisplatin IC50 assay

Baseline IC50 for cisplatin in UM-SCC-12 and UM-SCC-10A was determined with serial dilutions of Cisplatin (1134357, Millipore Sigma) at concentrations of 200µM, 66.67µM, 22.22µM, 7.41µM, 2.47µM, and 0µM. 48 hours post cisplatin treatment, cisplatin and spent media were aspirated from the wells and a 1:7 dilution of the Cell Titer Blue reagent (G8080, Promega) was applied to the cells in the wells. Baseline fluorescence (560/590 nm) was assessed using the BioTek SYNERGY H1 Multi-Mode Microplate Reader. The gain was adjusted such that all baseline values were similar ~2000nm. The plates were incubated in 5% CO2 at 37°C with subsequent plate readings taken in 30 min intervals for 4 hours. IC50 to cisplatin was calculated in GraphPad Prism Version 9.40 (RRID: SCR_002798) using percentage of cell viability values. Percentage of cell viability was calculated as follows:

	





Cisplatin IC50 LSCC cell lines after transient transfection

24 hours post transfection with a specific oligo and appropriate control, cells were washed with 1mL of 1x dPBS (1x dPBS, 21-031-CV, Corning) per well. Cells were harvested with 1x TrypLE (12604-013, Gibco), counted and replated as five replicates per condition in a 96-well plate. The next day cells were treated as described above at 48 hours cisplatin treatment.





Cell Proliferation in transient transfected cells

Average fluorescence values generated at no treatment dose (0µM of cisplatin) in transfected cells corresponded with baseline cell proliferation. As such, final average fluorescence values at the 0µM dose were normalized against their baseline average fluorescence values to calculate relative fluorescence which represented cell proliferation in transfected cells.





Reverse transcriptase-PCR

24 hours post transfection, cells were washed with 1mL 1x dPBS per well and collected in cold TRIzol Reagent (15596018, Thermo Fisher). RNA was isolated per manufacturer’s instruction. RT-PCR was performed with the Eppendorf Mastercycler gradient to synthesize cDNA from 50ng/µL of RNA and random primers from the high-capacity cDNA reverse transcription kit (4368814, Applied Biosystems).





qPCR

A 1:50 dilution of cDNA was combined with EXPRESS SYBR GreenER qPCR Supermix reagents (11784200, Thermofisher Scientific) and 2µM primer pairs of GAPDH, ABCC1 or MAP1B (see Supplementary Table 4 for primer product information). qPCR experiments were run in triplicate with three biological replicates per condition using Applied Biosystems StepOne Plus Real time PCR system. CT values were normalized against corresponding GAPDH CT values using the 2-ΔCT method and log transformed. A Methods schematic depicts the above described miRNA validation, chemosensitivity, and qPCR assays (Supplementary Figure 1). 





Statistical analysis

All data were analyzed using GraphPad Prism (Version 9.40) software, setting the alpha level at 0.05 for all statistical analyses used. All experiments were completed using biological and technical replicates in triplicate. Two-way repeated measures ANOVAs were conducted to assess group differences across time points or drug doses between cell lines or across transfection conditions. A significant phenotypic change x cell line interaction was followed up with Šídák’s multiple comparison tests. Paired and unpaired t-tests were performed to assess group differences on single dependent measures when appropriate.

Biological sex was not considered due to the limited sample size of females per racial group in the LSCC TCGA dataset. Randomization and blinding of the TCGA cohort were irrelevant because the study was specifically designed to explore differential miRNA expression by race. Power analysis was not performed as this our study is exploratory and data points are limited.






Results




miRNAs are differentially expressed in Black compared with White laryngeal cancer

Bioinformatic analysis of the 92 White and 19 Black LSCC patients abstracted from the TCGA revealed 132 out of 1902 miRNAs were significantly differentially expressed (FC >1.5, p < 0.05) (Supplementary Tables 5, 6) in Black compared with White LSCC. The volcano plot depicts (Figure 1A) a slightly greater number of miRNAs that are significantly lower (68 miRNAs) than higher (64 miRNAs) in Black compared with White LSCC patients. Table 1 shows the top 30 miRNAs that are lower and higher in Black compared with White LSCC patients.




Figure 1 | Differential expression of miR-9-5p in Black compared with White LSCC by TCGA analysis. (A) The Volcano plot depicts 132 differentially expressed miRNAs: 64 higher (red) and 68 lower (blue) in Black LSCC patients. The black arrow highlights low levels of miR-9-5p identified in Black LSCC patients (*p < 0.05). (B) Low miR-9-5p predicts poor overall survival in HNSCC as shown by Kaplan Meier survival curve (HR=0.6, logrank p=0.0057).




Table 1 | Top 30 higher and lower significantly differentially expressed miRNAs in Black compared with White Laryngeal squamous cell carcinoma (LSCC).



We focused on miR-9-5p as it is one of the more abundant miRNAs that also has been characterized as a potential biomarker in head and neck cancer (37). In addition, a survival curve generated by Kmplotter (38) in Figure 1B shows low miR-9 levels correlate with poor overall survival in HNSCC (HR=0.6, logrank p=0.0057). As one of the top 30 lower expressed miRNAs, miR-9 was found to be 4-fold lower (log FC =-1.41) in Black compared with White LSCC patients at p = 0.013.





Characterization of miR-9-5p in Black and White patient-derived LSCC cell lines by Northern blot

To explore the influence of miR-9-5p in the context of race, we sought to identify cell lines derived from patients with similar clinicopathologic characteristics, differing only by self-reported race and miR-9-5p levels (Supplementary Table 1). We discovered two cell lines that fit those parameters, UM-SCC-12 (derived from a Black male patient) and UM-SCC-10A (derived from a White male patient) cell lines that were established at the University of Michigan. To assess the expression of mature miR-9-5p in the cell lines, we performed Northern Blot analysis. miR-9-5p was weakly detectable in the UM-SCC-12 cell line. Strong expression of miR-9-5p was detected in the UM-SCC-10A cell line (Figure 2). Endogenous U6, miR-191-5p, miR-16, and Let 7A served as internal loading controls.




Figure 2 | Characterization of miR-9-5p in race-specific LSCC cell lines. Northern blot analysis revealed that Black patient derived UM-SCC-12 cell line has barely detectable levels of mature miR-9-5p whereas the White-patient derived UM-SCC-10A cell line has a greater level of mature miR-9-5p. U6, miR-191-5p, miR-16, and Let 7A were used as internal loading controls.







Characterization of UM-SCC-12 and UM-SCC-10A cellular phenotype and cisplatin chemosensitivity

To properly interpret our miR-9 validation results, we were required to first determine the intrinsic cellular behavior of the cell lines. We characterized baseline differences in cell migration, cell proliferation and chemosensitivity between our two cell lines.

Cell migration was assessed via the scratch wound assay and operationalized as percentage of wound closure 24h, 48h, and 72h post monolayer disruption. A two-way repeated measures ANOVA was conducted to assess differences in percentage of wound closure across each time point between the two cell lines. UM-SCC-12 cell line had a significantly greater cellular migration compared with UM-SCC-10A cell line at 24h, 48h, and 72h post monolayer disruption (p < 0.0001) by Šídák’s multiple comparisons test (Figure 3A).




Figure 3 | Characterization of UM-SCC-12 and UM-SCC-10A cellular phenotype and cisplatin chemosensitivity. UM-SCC-12 cells had significantly greater baseline (A) cell migration across 24h, 48h, and 72h time points (B) and cell proliferation, (C) decreased cell killing by cisplatin at 22.22 μM, 66.67μM and 200μM, and thus a (D) higher cisplatin IC50 when compared to UM-SCC-10A. **p < 0.01, ***p < 0.001, ****p < 0.0001.



Cell proliferation was assessed in both cell lines via cell titer blue fluorescence assay at 72h. An unpaired t- test was conducted to assess differences in relative fluorescence between the cell lines. Figure 3B shows that UM-SCC-12 cell line had a greater rate of proliferation at 72 hours compared with UM-SCC-10A cell line (t (4) = 4.96, p < 0.001).

As cisplatin is the primary chemotherapeutic treatment for head and neck cancer, we assessed baseline cisplatin IC50 for both cell lines. Cell line viability was measured at 48h of cisplatin treatment. A two-way repeated measures ANOVA was then conducted to assess differences in cell viability across the cisplatin concentrations between the two cell lines. UM-SCC-12 cell line had decreased sensitivity to cisplatin compared with UM-SCC-10A cell line at the three highest doses of cisplatin treatment: 22.22µM (p < 0.001), 66.67µM (p < 0.0001), and 200µM (p < 0.01) (Figure 3C).

An unpaired t-test was conducted on IC50 values generated from three experimental runs between the cell lines. A nonlinear fit of the normalized percentage of cell viability responses relative to the non-transformed cisplatin concentrations was used to calculate the IC50. The calculated IC50 of cisplatin was significantly greater for the UM-SCC-12 cell line at 15.24 um compared with 10.23 um for UM-SCC-10A (t(4) = 5.86, p < 0.01, Figure 3D).

Collectively, UM-SCC-12 cells had significantly greater baseline cell migration, cell proliferation, and decreased cell killing by cisplatin, and thus a higher cisplatin IC50 when compared to UM-SCC-10A.





Increasing miR-9 decreases cell migration, cell proliferation and increases chemosensitivity

We next wanted to understand how increasing miR-9 levels in UM-SCC-12 cell line would alter its cellular phenotype. UM-SCC-12 cells were transiently transfected with a miR-9 mimic or mock oligo control. The scratch wound assay was performed. Figure 4A shows representative images of wound closure captured at 0h, 24h, 48h, and 72h post monolayer disruption for miR-9 mimic and mock transiently transfected cells. By multiple comparisons test, the mimic transfected UM-SCC-12 cells had a significantly lower percentage of wound closure compared to mock transfected control cells at 24h (p < 0.05), 48h (p < 0.01), and 72h post monolayer disruption (p < 0.01) (Figure 4B), demonstrating that elevated levels of miR-9 can decrease cellular migration in UM-SCC-12 cell line.




Figure 4 | Increasing miR-9 decreases, cell migration, decreases cell proliferation, and increases chemosensitivity in UM-SCC-12 cells. (A) Representative images of cell migration of miR-9 mimic and mock oligo control transfected UM-SCC-12 cells across time points. Transient transfection of miR-9 mimic in UM-SCC-12 cells resulted in significantly decreased (B) cell migration at 24h, 48h, and 72h, (C) and cell proliferation, (D) increased sensitivity to cisplatin at 2.47 μM, 7.41μM and 22.22μM and (E) a lowering of its IC50 to cisplatin compared to mock oligo control. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.



To assess cell proliferation in miR-9 transfected UM-SCC-12 cells, cell titer blue assay was performed on miR-9 transfected UM-SCC-12 cells. A paired samples t-test was conducted on relative fluorescence values across transfection conditions and revealed that the miR-9 transfected UM-SCC-12 cells exhibited lower relative fluorescence compared to mock oligo control, indicating a decrease in cell proliferation (t(2) = 4.65, p < 0.05) (Figure 4C).

We proceeded to test the effect of increasing miR-9 levels and chemosensitivity. miR-9 transfected UM-SCC-12 cells were treated with cisplatin and the IC50 was recorded. We noted an increase in cell killing/decreased cell viability in miR-9 transfected cells as compared to mock oligo control at three doses of cisplatin treatment: 2.47µM (p < 0.0001), 7.41µM (p < 0.001), and 22.22µM (p < 0.001) (Figure 4D). Furthermore, the calculated IC50 was lower (7.64 µM) compared to than mock oligo control (15.57 µM). Overall, these finding demonstrated that elevated levels of miR-9 can increase UM-SCC-12 sensitivity to cisplatin (Figure 4E).





Reducing miR-9 increases cell migration, cell proliferation and decreases chemosensitivity

Our next step was to determine if reducing miR-9 levels could produce an opposite phenotype as seen in our miR-9 transfected UM-SCC-12 cells. Here, we knockdown miR-9 levels by treating UM-SCC-10A cells with a miR-9 inhibitor. The scratch assay was performed. Figure 5A shows a panel of representative images of miR-9 inhibited UM-SCC-10A cells at 0h, 24h, 48h, and 72h compared with mock oligo control, showing lower miR-9 levels can significantly increase cell migration at each time point, 24h (p < 0.01), 48h (p < 0.001), and 72h post monolayer disruption (p < 0.001) (Figure 5B).




Figure 5 | Reducing levels of miR-9 increases cell migration, increases cell proliferation, and decreases chemosensitivity in UM-SCC-10A cells. (A) Representative images of cell migration of miR-9 inhibitor or mock oligo control transfected UM-SCC-10A cells across time points. Transient transfection of miR-9 inhibitor in UM-SCC-10A cells resulted in significantly increased (B) cell migration at 24h, 48h, and 72h, (C) and cell proliferation, (D) decreased sensitivity to cisplatin at 2.47 μM, 7.41μM and 22.22μM and (E) an increase its IC50 to cisplatin compared to mock oligo control. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001.



Cell proliferation was evaluated in miR-9 inhibited UM-SCC-10A transfected cells at 72 hours. Relative fluorescence values across transfection conditions was compared via paired t test. Figure 5C shows that cell proliferation was higher in miR-9 inhibited cells relative to the mock oligo control (t(2) = 4.94, p < 0.05).

We next compared chemosensitivity in miR-9 inhibited UM-SCC-10A transfected cells compared to mock oligo control. We found that lowering miR-9 levels decrease cell killing/decreased chemosensitivity at three doses of cisplatin treatment: 2.47µM (p < 0.0001), 7.41µM (p < 0.0001), and 22.22µM (p < 0.05) (Figure 5D). The IC50 values was higher (14.57 µM) compared to than mock oligo control (10.71 µM). These findings signify that lower miR-9 levels can decrease cellular sensitivity to cisplatin (t(2) = 28.79, p < 0.01) (Figure 5E).





miR-9 modulates ABCC1 and MAP1B gene expression in LSCC cell lines

ABCC1 and MAP1B are reported gene targets of miR-9-5p that have been found to predict chemoresistance in cancer (39–42). Thus, as mediators of chemoresistance, we were interested in investigating whether these genes were regulated by miR-9 in LSCC. Initial studies involved determining baseline expression of ABCC1 and MAP1B in UM-SCC-12 and UM-SCC-10A by qPCR. Unpaired t-tests were conducted to assess differences in the log transformed 2-ΔCT values between the two cell lines. UM-SCC-12 had significantly higher baseline gene expression of ABCC1 (t(4) = 7.69, p < 0.01) and MAP1B (t(4) = 18.69, p < 0.0001) compared with the UM-SCC-10A cell line (t(4) = 7.69, p < 0.01) (Figures 6A, B).




Figure 6 | ABCC1 and MAP1B baseline gene expression in LSCC cell lines. (A) ABCC1 and (B) MAP1B gene expression is significantly higher in UM-SCC-12 cell line compare with UM-SCC-10A. **p < 0.01, ****p < 0.0001.



Using miR-9 transfected UM-SCC-12 and miR-9 inhibited transfected UM-SCC-10A cells, we sought to determine if miR-9 regulated ABCC1 and MAP1B expression. 24 hours after transfection, gene expression for both ABCC1 and MAP1B was determined by qPCR. Figure 7A shows increased levels of miR-9 in UM-SCC-12 cells significantly decreased ABCC1 gene expression relative to the mock oligo control (t(2) = 4.63, p < 0.05). Conversely, reducing miR-9 levels in UM-SCC-10A significantly increased ABCC1 expression compared with mock oligo control ((t(2) = 7.42, p < 0.05) (Figure 7B).




Figure 7 | miR-9 modulates ABCC1 gene expression in LSCC cell lines. (A) Increasing miR-9 levels in UM-SCC-12 resulted in a significant decrease in ABCC1 gene expression compared with mock oligo control. (B) Decreasing miR-9 levels in UM-SCC-10A resulted in a significant increase in ABCC1 gene expression compared with mock oligo control. *p < 0.05.



Similar qPCR results were seen with MAP1B whereby increasing miR-9 in UM-SCC-12 cells reduced MAP1B gene expression relative to mock oligo control (t(2) = 6.19, p < 0.05, Figure 8A). Figure 8B shows that reducing miR-9 in UM-SCC-10A cells resulted in increased levels MAP1B relative to mock oligo control (t(2) = 5.22, p < 0.05). Taken together, these studies suggest that miR-9 regulates ABCC1 and MAP1B levels in LSCC cell lines.




Figure 8 | miR-9 modulates MAP1B gene expression in LSCC cell line. (A). Increasing miR-9 levels in UM-SCC-12 resulted in a significant decrease in MAP1B gene expression compared with mock oligo control. (B) Decreasing miR-9 levels in UM-SCC-10A resulted in a significant increase in ABCC1 gene expression compared with mock oligo control. *p < 0.05.








Discussion

Genomic studies investigating heritable somatic alterations associated with racially disparate clinical outcomes have been dedicated to breast, colon, and prostate cancers (43–45); however, genomic alterations in LSCC been largely unexplored where Black Americans are disproportionately affected, harboring the lowest 5-year survival rates among all races. Investigators have identified ancestral-related nucleotide signatures in key driver genes, in particular PIK3CA in Black and White LSCCs from the TCGA but characterization of noncoding RNAs, namely miRNAs, has not been explored (16). We employed computation analysis of LSCCs in the TCGA and uncovered a panel of miRNAs that were significantly different in Black LSCC compared with White. Through a series of validation studies, we investigated miR-9 in LSCC tumorigenesis and uncovered its ability to influence sensitivity to cisplatin and predict chemoresistance–employing race-specific cell lines.

Our study is the first to report differential miRNA expression in Black and White head and neck cancer, specifically laryngeal cancer. Our findings may facilitate the development of miRNA signatures for LSCC that are associated with race. miRNA signatures have been reported for multiple cancers and linked to differential signaling pathway activation in known oncogenic drivers that impact clinical outcomes. In multiple myeloma, for example, a signature of six upregulated miRs was associated with the WNT signaling pathway, whereas a signature of four downregulated miRs was associated with the MAPK pathway (46). Inamoto and colleagues determined from 84 urothelial cancer of the bladder (UCB) patients that there was specific signature of nine miRs associated with an aggressive phenotype compared with a nonaggressive phenotype. Furthermore, six of those miRs were associated with a high-risk UCB phenotype and poor outcomes, whereas a signature of 3 miRs was found to be protective (47). Multiple miRNA signatures have been identified and demonstrated as robust predictors for the diagnosis of LSCC (48); however, they have not been identified in the context of LSCC racial health disparities. Our laboratory is currently utilizing computational analysis to expand on our expression data by exploring differentially expressed miRNA mediated pathway differences in the context of race.

Of the differentially expressed miRNAs, we turned our attention to miR-9 for several reasons; we observed greater abundance of miR-9 in the TCGA samples in both Black and White compared with several of the other differentially miRNAs, making it ideal as a potential biomarker; its low expression has been found to predict poor overall survival (37); and its role appears critical to development and disease (49). Overall, our hope was to evaluate miR-9 as a potential mediator LSCC tumorigenesis while also considering it as a potential biomarker for cancer health disparities.

miR-9 is a key regulator of neuronal development; playing critical role in spatial and temporal regulation of neurogenesis (50). As a regulator of cancer development, miR-9 has been shown to promote a cancerous phenotype depending on its expression levels and tumor origin. As an example, elevated levels of miR-9 have been associated with development of cervical and brain cancers and downstream activation of CAM and JAK/STAT pathways, respectively (51, 52). Decreased levels of miR-9 have been linked to tumorigenesis of triple negative breast cancer and ovarian cancer were signaling pathways of NOTCH1 and NF-kB have been proposed to play a role in their tumorigenesis (53, 54). Overall, the versatile expression of this miRNA across cancers indicates that unique pathways are activated depending on its expression levels. Using the TCGA, we found that miR-9 was significantly lower in Black patient LSCC samples compared with White. We sought to validate the relevance of low miR-9 levels in laryngeal cancer in two patient-derived LSCC cells lines. Distinctly, we took into consideration reported racial background of the patient-derived cell line, matched the provided clinicopathologic data, and ensured by Northern analysis that expression differences corresponded to the TCGA findings. Our validation studies suggest that low miR-9 levels influence LSCC tumorigenesis via increases in cell proliferation and migration. Our findings are similar to studies in oral squamous cell carcinoma where miR-9 levels were found to be lower in tumor than normal paired tissues from Southeast Asian patients (55). The authors demonstrated that overexpression of miR-9 could decrease migration, proliferation, and arrest the cell cycle. Furthermore, low miR-9 has been proposed to mediate OSCC tumorigenesis through WNT and CDK4/6 signaling in OSCC (55, 56). The means of low miR-9 expression in HNSCC was addressed by Minor and colleagues who demonstrated, in both in vivo and vitro model systems, that hypermethylation could reduce miR-9 levels in oral and oropharyngeal cancers (57).

It is important to note others have found high levels of miR-9 in HNSCC via computational analysis of the TCGA (58). Our contrary findings may be attributed to our race-centered analysis. It has been reported that there is greater representation of White patients compared other races in the TCGA (59). As such, this allows the genomic profiles of White patients to overshadow the biologic differences extant in individuals from underrepresented groups. Our findings may highlight a described limitation of using one database to define tumor biology for an entire population (60).

On that note, we also understand that a limitation to our findings is the small sample size of Black LSCC patients within the TCGA. However, we believe, by investigating miR-9, we can begin to address the significance of differential miRNA expression in LSCC tumorigenesis with cancer health disparities in the forefront. Our findings are supported by studies in other racial disparate cancers where certain miRNAs have been characterized as potential mediators of cancer health disparities. Yates and colleagues were the first to identify differential expression of mir-26a in Black compared with White prostate cancer cell lines. miR-26a was found to be overexpressed 13-fold in Black tumors compared with White tumors (25). The authors suggested that higher expression was associated with more aggressive phenotype whereas low miR-26a expression was associated with better survival. Similar studies have been performed in colorectal cancer (CRC) and breast cancers. In CRC, miR-182 was found to be upregulated in Black American CRC and further associated with reduction of the miR-182 targets–FOXO1 and FOXO3A (61). As tumor suppressors, FOXO1 and FOXO3 were suggested to be downstream mediators of CRC cancer health disparities. Taken together, these studies introduce the concept that versatile expression of a miRNA is not only associated with tumor origin but may also be associated with race.

Cisplatin is the primary drug used to treat all head and neck cancers. Primary or acquired resistance to cisplatin is a major clinical challenge (62). Based on studies in oral cavity and hepatocellular cancers that showed low levels of miR-9 confer chemoresistance, we sought to further explore a potential role for miR-9 in LSCC disparate clinical outcomes by investigating its role in cisplatin chemosensitivity (63, 64). Indeed, we demonstrated in LSCC cell lines that lowering miR-9 levels can decrease cell killing in response to cisplatin and that increasing miR-9 can increase cell killing in response to cisplatin. These findings would suggest that low miR-9 may influence survival through its modulating cisplatin chemosensitivity, conferring a chemoresistant phenotype.

ABCC1 and MAP1B are recognized miR-9 gene targets that have a potential role of chemoresistance. ABCC1 is one of the most studied multidrug resistant proteins. Its overexpression has been associated with chemotherapeutic drug resistance, distant metastasis, and poor clinical outcomes (40). As such, it has a been touted as a putative marker or a multi-marker panel member to predict chemoresistance (65). MAP1B is a member of the family of proteins essential to stabilizing microtubules. Disrupting microtubule assembly is a common target for chemotherapeutic drugs. Overexpression of MAP1B has been found to correlate with adverse clinical outcomes and predict unfavorable prognostic factors in urothelial carcinoma and glioblastoma (66). Using our patient-derived cells, we showed that our Black patient derived cell line with low miR-9 levels had significantly higher levels of both ABCC1 and MAP1B compared with the White patient derived cell line with higher miR-9 levels. By modulating miR-9 levels we were able to significantly alter gene expression levels of ABCC1 and MAP1B, suggesting that these genes are targets of miR-9 in LSCC. Consequently, we may have identified potential miR-9 downstream mediators of LSCC cancer health disparities that may be exploited for future therapeutic intervention.

In summary, our study investigates miR-9 influence on the cancer cell phenotype and modulating chemoresistance in LSCC cell lines. We understand a primary limitation to our investigation is the small number of LSCC samples in the TCGA and we are currently validating these findings in an additional cohort of samples taking ancestry into account. Nevertheless, our work may open the door for new therapies for LSCC based on targets of differentially expressed miRNAs and the expression of specific downstream pathways. Elucidating the biologic mechanisms underlying LSCC clinical disparate outcomes may provide better avenues for treatment and reduce mortality for all patient suffering with this cancer.
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It is well known that patients with cancer have a significantly higher cardiovascular mortality risk than the general population. Cardio-oncology has emerged to focus on these issues including risk reduction, detection, monitoring, and treatment of cardiovascular disease or complications in patients with cancer. The rapid advances in early detection and drug development in oncology, along with socioeconomic differences, racial inequities, lack of support, and barriers to accessing quality medical care, have created disparities in various marginalized populations. In this review, we will discuss the factors contributing to disparities in cardio-oncologic care in distinct populations, including Hispanic/Latinx, Black, Asian and Pacific Islander, indigenous populations, sex and gender minorities, and immigrants. Some factors that contribute to differences in outcomes in cardio-oncology include the prevalence of cancer screening rates, genetic cardiac/oncologic risk factors, cultural stressors, tobacco exposure rates, and physical inactivity. We will also discuss the barriers to cardio-oncologic care in these communities from the racial and socioeconomic context. Appropriate and timely cardiovascular and cancer care in minority groups is a critical component in addressing these disparities, and there need to be urgent efforts to address this widening gap.
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1 Introduction

A diagnosis of cancer, irrespective of the primary cancer site, is associated with an increased risk for cardiovascular death and nonfatal morbidity (1–3). Among cancer patients and survivors, cardiovascular disease (CVD) is the primary cause of death, and patients with cancer have 2-6 times higher cardiovascular (CV) mortality risk than the general population (4). A recent study among more than 7.5 million cancer patients showed that CVD contributed to 5.24% of deaths among all cancer patients with a heart disease-specific mortality rate of 10.61/10,000-person-years. In addition, the mortality ratio of fatal heart disease among all cancer patient studied was 2.24 times that of the general population, with variability due to age, race, primary cancer type, and follow-up time (2).

Similarly, prior large retrospective studies based on the Surveillance, Epidemiology, and End Results (SEER) database have characterized CVD mortality risk in cancer patients. A study with more than 3 million patients, including 28 cancers over 40 years, found that 11.3% died from CVD. The risk of CV mortality was highest in patients diagnosed <35 years and within the first year after a cancer diagnosis. Furthermore, the mortality risk remained elevated through follow-up compared to the general population (5). Similarly, a subsequent SEER-based study with more than one million patients diagnosed with breast cancer over 17 years found a 4.6% incidence of fatal heart disease, which increased at longer follow-up comprising up to 28% of deaths from non-primary cancer at 10 years (6). Another interesting study used SEER data in nearly 5 million patients over 14 years and showed that the higher rate of cardiac death for cancer patients is not uniform in all patients and is higher for non-white ethnic groups. Specifically, the risk of cardiac death in cancer patients was 1.16% higher than in the general population, but when stratified by ethnicity, the risk was 1.76, 2.28, 3.68, 2.65, and 1.84 for Whites, Blacks, American Indians/Alaska Natives, Asians/Pacific Islanders, and Hispanic/Latinx, respectively (7). These observations highlight the elevated risk of CV mortality from the point of a cancer diagnosis into survivorship and the need for earlier and more aggressive CV care in cancer patients. As such, the field of cardio-oncology has rapidly expanded in the United States (US) and globally to address the increased heart-specific mortality risk in cancer patients.

Cardiac complications of cancer therapy include myocardial dysfunction, coronary artery disease or peripheral vascular disease, valvular disease, arrhythmias, arterial hypertension, and thromboembolism (8). These cardiotoxicities have been associated with many categories of cancer therapy and relevant data on disparities in treatment-associated cardiotoxicities are described when affecting specific populations in subsequent sections of this review. Cancer and CV disease are linked, not only through the deleterious effects of oncologic treatments on CV health but also due to common risk factors, including age, obesity, diet, alcohol, and physical activity (9, 10). Over the past decade, the range of CV toxicities has expanded due to the introduction and rapid uptake of numerous targeted therapies, immune checkpoint inhibitors, and antibody-drug conjugates (11). As the overlap between heart disease and cancer patients continues to increase, the emerging field of cardio-oncology aims to identify patients at risk of CV complications related to cancer treatments, provide early detection and intervention for CVD, and develop strategies to prevent or minimize these complications. By addressing CV risk factors and managing CVD, cancer patients may have better outcomes and quality of life. Several professional organizations, including the American College of Cardiology, the American Society of Clinical Oncology, and the European Society of Cardiology, have recognized the importance of cardio-oncology and have developed guidelines and recommendations for managing CVD in cancer patients (12, 13). Despite the field’s rapid growth, there is a need to improve access to care at the local, state, and national levels and to underrepresented populations. Furthermore, there is a lack of resources about cardio-oncology within community-based oncology practices, thus, expanding into these areas is critical to provide care to significant segments of the cancer population (14).

The most common CV diagnoses in patients with cancer are hypertension (HTN), coronary artery disease (CAD), heart failure (HF), and arrhythmias. The incidence of these specific diseases in cancer patients varies depending on several factors, including the type of cancer, cancer treatment received, and preexisting CV risk factors. HTN is a common occurrence in cancer patients, with estimates of around 38% in cancer populations compared with approximately 26% of the general population (15–17). The incidence of developing CAD in cancer patients is increased compared to the general population and highest in the first six months after the initial cancer diagnosis (18–20). A study compared patients treated for breast cancer or lymphoma to age-matched controls and found that within 5 years of their cancer diagnosis, the risk of HF was 3x higher than in people without cancer. Furthermore, 10% of the survivors developed HF within 20 years compared with 6% of control subjects (21). A large-scale study assessing the bleeding risk of anticoagulation in patients with cancer found an incidence of ~20% compared to the prevalence known in the US between 1-2% (22, 23).

It is known that certain patient groups face unique challenges related to these cardiotoxicities and access to specialized cardio-oncology services. Special clinical and research efforts have been made in studying long-term CV risks of survivors of childhood cancers and monitoring the effect of this heightened risk on their CV health outcomes in adulthood. Care of elderly patients with cancer is also a unique challenge given their higher rate of co-morbidities which increase their risk of developing cancer treatment-related cardiotoxicities (24). Notably, little is known about how racial and ethnic disparities alongside structural, economic, and socioenvironmental factors impact cardio-oncology care. Particularly, access to appropriate and timely CV and cancer care by minority groups is a key element driving persistent disparities in cardio-oncology care. Existing evidence suggests that socioeconomic inequality affects the incidence, treatments, and outcomes of patients with cancer and CVD. Furthermore, a recent study highlighted the impact of social vulnerability on mortality rates in cardio-oncology patients showing worse outcomes in counties with greater social vulnerability (25, 26).

In this review, we will discuss cardio-oncological disparities in a variety of marginalized populations, including Black, Hispanic/Latinx, Asian and Pacific Islander (AAPI), indigenous populations, sex and gender minorities (SGM), rural populations, and immigrants. These populations at risk and distinct factors contributing to disparities in cardio-oncology care are outlined in Figure 1. We will expand on disparities that affect these minority groups, including the prevalence of cancer screening rates, cardiometabolic and genetic risk factors, and cultural factors. We will also discuss the barriers to cardio-oncologic care in these communities arising from the racial and socioeconomic context.




Figure 1 | Factors contributing to disparities in Cardio-Oncology and populations at risk.



There is a known association between pre-treatment CV risk factors and post-treatment cardiac dysfunction, and it is imperative to discuss these disparities to understand how it affects cardio-oncology care (27). While the prevalence of CV disease has been declining in non-Hispanic white (NHW) populations, these rates remain stable in Hispanic/Latinx, Asian, and Black population (28). The COVID-19 pandemic in the US has led to a significant increase in deaths caused by heart disease and cerebrovascular disease especially among Black, Hispanic/Latinx, and Asian populations. This suggests that these groups have been disproportionately affected by the pandemic’s indirect effects (29). In Hispanic/Latinx populations, cancer is one of the leading causes of death, and these patients are diagnosed with more advanced stages of breast, lung, and colorectal cancers compared with NHW individuals (30).

Irrespective of a biological difference, these disparities in cancer outcomes are also largely influenced by structural factors such as lack of insurance, transportation issues, decreased educational attainment, financial security, and less access to high-quality preventative care or specialized services (31–33). Furthermore, these patients do not have equal access to novel, high-quality therapies and are consistently underrepresented in clinical trials (34–36). In addition, the COVID-19 pandemic delayed the diagnosis and treatment of cardiac conditions and cancer, with implications that are still unclear to date. Importantly, it also highlighted the association of race and ethnicity–based disparities in CV and cancer care delays, medical care disruptions, and concerns about crucial socioeconomic factors alongside systemic and structural racism (37).

Despite significant advances in early diagnosis, risk factor mitigation, and drug development in the cutting-edge fields of cardiology and oncology, inequities in the structural, economic, and environmental systems continue to contribute to the long-standing higher prevalence and worse outcomes due to CVD and cancer care that consequently underlie disparities in cardio-oncology care (38). We present an overview of these disparities in cardio-oncology care from the viewpoint of special populations to raise awareness of the urgent efforts needed to improve the outcomes of these patients.




2 Cardio-oncology disparities in the Hispanic/Latinx population

The Hispanic/Latinx population constitutes nearly 20% of the US population and is the second largest racial/ethnic group. Despite a considerable underestimation in the 2020 census data, the Hispanic/Latinx population reached 62 million (39). Cancer and CVD are the two leading causes of death for Hispanic/Latinx individuals in the US (40). According to the American Cancer Society, there were 43,079 deaths due to cancer and 41,794 deaths due to heart disease among the Hispanic/Latinx population in 2019, representing 20% of total deaths (30). The mortality rates due to cancer and CVD among the Hispanic/Latinx population are impacted by social determinants of health (SDOH) and by challenges in immigration status, lack of health insurance, and healthcare bias (25, 41–44). Approximately 18 million foreign-born Hispanic/Latinx adults reside in the US, with about two-thirds being noncitizens and/or undocumented (45). Non-citizens and undocumented immigrants may not be eligible for health insurance and may lack employment opportunities that could offer it. Consequently, Hispanic/Latinx people represent a large amount of the US uninsured population at 30.1%, compared with the NHW population at 11.1% (39). Therefore, disparities in cardio-oncology care in Hispanic/Latinx patients partly stem from the impact of increased social vulnerability, low socioeconomic status, and lack of insurance, which causes barriers to accessing care and receiving timely preventive cancer and CV interventions.

For instance, there are known reduced screening rates in the Hispanic/Latinx population and, consequently, delayed diagnosis of preventable cancer such as lung, breast, and colorectal compared to NHW people (30, 44). This sometimes translates into advanced cancer stages at diagnosis and ineligibility for novel, less cardiotoxic regimens with a higher risk of cardiac dysfunction and worse patient outcomes (30, 38, 46, 47). Based on the American Heart Association report on heart disease and stroke statistics for the Hispanic/Latinx population in 2021, 52.3% of males and 42.7% of females had CVD alongside an increased burden of risk factors such as obesity (>78%), hyperlipidemia, (37%), hypertension (>40%), physician-diagnosed diabetes (15%), lifetime tobacco use (52%) and sedentarism (35%) (48, 49). For example, Puerto Ricans and Mexican individuals have more than twice the prevalence of diabetes mellitus compared with NHWs (50). Despite having higher rates of CV risk factors, the Hispanic/Latinx population in the US has lower rates of CV mortality compared to NHW Americans. The reasons for this paradox are not entirely clear, but some potential explanations include protective cultural and social factors, such as strong family ties and support, and healthy dietary habits (27). However, recent studies focused on the effect of neighborhood segregation and CVD among Hispanic/Latinx showed that county-level Hispanic/Latinx ethnic density is associated with increased CVD mortality. It also linked these areas to higher rates of uninsured individuals, fewer primary care physicians, and other adverse environmental factors (42). Similarly, in a large US population-based study, Hispanic/Latinx adults <45 years of age had higher mortality due to comorbid cancer and CVD than for either disease alone in counties with greater social vulnerability (25).

Unfortunately, there is a lack of data specific to the Hispanic/Latinx population regarding cardiotoxicity from cancer-directed therapies, and this is particularly disturbing as cancer and CV disease often co-exist in the same individual alongside other complex comorbidities (51, 52). An important element that limits our knowledge of cardiotoxicity risk specific to Hispanic/Latinx patients is that most studies report the Hispanic/Latinx population using aggregated data, which masks risk profiles and affects the accuracy of the results given their diverse demographics. More than 33 million Hispanics/Latinx in the US report two or more races in origin (53). However, this heterogeneity is not reflected in clinical studies, tailored therapies, or research on specific disease outcomes. Hispanic/Latinx patients are typically classified as a single group without distinction to their heritage, socioeconomic status, immigration pattern, and cultural characteristics. Thus, standardizing clinical care and research with disaggregation of Hispanic/Latinx subgroups will be critical to further understanding the cardiotoxicity risk profile within these groups. Another area to be further studied is the implication of specific cultural characteristics shared across the Hispanic/Latinx subgroups, such as familismo, personalismo, and strong religious values that tend to influence health behaviors and outcomes (46). For example, studies suggest that residence in close communities and familismo, where family members are a vital source of support with health issues, may explain why the Hispanic/Latinx population has lower mortality despite the described poor baseline cardiometabolic risk profiles (54–56). However, data shows that these cultural factors may be offset by both acculturation and duration of residence in the US, which have been associated with a negative impact on CV outcomes as more people assimilate US behaviors and diets, which may further increase the risk profile for these patients (42, 56).

There is also a chronic underrepresentation of Hispanic/Latinx people in clinical trials in cardiology and oncology (57, 58). This limits our understanding of potential biological differences related to cardiotoxicity in these populations and delays efforts for individualized care in the era of precision medicine. The lack of representation within clinical trial also delays patients ability to receive newer therapies increasing the differences in overall survival between the populations. Limited enrollment in clinical trials is attributed to several factors such as linguistic barriers, limited understanding of treatment options, inability to navigate the complex medical system, difficulties with the informed consent process, distrust of the health system, physician bias, structural racism, poor communication with their physicians, and financial concerns related to the logistical burden of trial participation (59, 60). There is a need for an intentional effort to improve Hispanic/Latinx representation in cardio-oncology trials and to promote diversification of the clinical trial workforce and leadership to increase diversity and equity in the field.




3 Cardio-oncology disparities in the Black population

The Black population is the third largest racial group in the US and represents 13.6% of the population. Black patients face significant obstacles in cancer risk reduction, early detection, and treatment and typically are diagnosed with a higher tumor burden and advanced stage. Additionally, for most cancers, Black patients have the shortest survival and highest rate of death compared to any other racial/ethnic group (61). Currently, the largest disparity in Black patients exists in uterine, stomach, prostate, and plasma cell cancers, for which death rates are twice as high in Black people (61). Black individuals are known to have earlier onset of traditional CV risk factors due to a variety of systemic and biological factors that increases the incidence of HF, stroke and peripheral vascular disease (62). The higher prevalence of CVD linked to poorer access to primary care (63), which is ultimately linked to the fact that Black populations face a disproportionate amount of adverse social and environmental characteristics in the US. This disparity in pre-treatment cardiac function further increases the risk of cardiac dysfunction with anti-cancer therapies and patient been started in cardiotoxic therapies without prior CVD evaluation or risk assessment (64). Based on the national US cancer database, Black women with breast cancer were at a 25% greater risk of CV death compared to NHW women (65). Differences in underlying CV disease risk contribute to the difference in mortality risk, in addition to other known contributors such as social determinants of health, as Black women with breast cancer are 40% more likely to die than NHW women (66, 67). Black women also have a higher risk of triple negative breast cancer which leads to higher rates of chemotherapy and radiation, which further increases CV risk. Furthermore, Black patients with breast cancer experience more significant psychosocial stress from unmet informational, financial, and practical needs. The perceived discrimination and racism experienced by Black women have also been shown to contribute to low-grade chronic inflammation and CV disease (68).

A majority of the data on cardiotoxicity historically has been with anthracyclines and trastuzumab, although there is a growing interest in the cardio-oncology community to understand the cardiotoxicity of the newer targeted agents. A historical retrospective dataset demonstrated that Black patients treated with doxorubicin had a 3-fold higher risk of cardiotoxicity compared with non-Black patients (69). Furthermore, another study of patients with breast cancer demonstrated that Black women were greater than 2 times more likely to develop trastuzumab-related cardiotoxicity compared to NHW women, even after controlling for baseline CV risk factors (70). Furthermore, a meta-analysis across North America and European patient populations demonstrated that Black race was an independent predictor, similar to CV risk factors, of clinical and subclinical cardiotoxicity in breast cancer (71). Most of the prior cardio-oncology research in Black patients has focused on breast cancer in which clear disparities have been demonstrated, further research in other tumor types is necessary, as well as long-term follow-up data in this high-risk population. In addition to expanding research, strategies to assess and intervene in patient’s needs with the addition of interdisciplinary resources are critical




4 Cardio-oncology disparities in the Asian American and Pacific Islander population

The Asian American and Pacific Islander population (AAPI) is one of the fastest-growing racial groups in the US, with a 35.5% increase in population since the 2010 census (72). While often grouped, the term Asian American encompasses a wide range of ethnicities and racial groups and is remarkably heterogeneous. In recent years, there has been a push to disaggregate data related to the Asian Pacific Islander community, as it results in misleading inflation of survival statistics for this population (65, 73–76). Currently, major registries aggregate cancer data from Asian, Native Hawaiian, and Other Pacific Islander (NHOPI) and other Asian American populations, so we will cite data as initially collected in this section. Compared to individuals from another racial or ethnic group, Asian Americans have the lowest rate of developing cancer; however, cancer is the leading cause of death for Asians in the US (73). It was found that even when census tract poverty rates are accounted for AAPI men have a lower 5-year survival rate than NHW (58). Asian Americans are disproportionately affected by cancers because of infectious origins (ex. Hepatitis-B related liver cancer) and have the highest lung cancer rates among never-smoking women (77). Regarding CV comorbidities among the AAPI community, few studies have examined the subgroups separately (78). Generally, when looking at traditional CVD risk factors, it was found that there are associations similar to those reported in NHW Americans (79), however, there is known discordance between CV risk estimates depending on racial/ethnic groups (78).

Regarding cardio-oncology specifically, Asian American and NHOPI individuals are a small percentage of clinical trial participants, which limits the information regarding side effects and toxicities in this population. In a meta-analysis of randomized control trials for CV disease, of the 45 trials identified, only 11 reported race; of that 11, only 4 of those trials reported Asian American inclusion, ranging from 1.4% to 5% (80). A recent study showed that AAPI, and Hispanic/Latinx people, had the highest relative increase in cardio-oncology mortality between the 4th and 1st social vulnerability index (SVI) quartiles compared to the other population studies (25). It is clear that further research regarding the intersection must be done.




5 Cardio-oncology disparities in the Indigenous population

The Indigenous population in the US comprises approximately 9.7 million people and is incredibly diverse, with 574 federally recognized tribes and more than 200 unrecognized tribes (39). This population has the highest racial misclassification in health data compared to other groups in the US, so any disparities are likely an underestimation (81). It is essential to put the health of the Indigenous population in the US, as with all minority groups, into a historical context. European colonization and policies on the national and state level have all contributed to the existing health disparities in the Indigenous population, which have led to large health disparities (82, 83). Cancer disproportionately affects the Indigenous population in the US (65, 84, 85). Interestingly, there are differences in cancer risk and disparities seen when comparing Indigenous people living in different regions of the US. For example, compared to the White population, the incidence rate for all cancers combined is 23% lower in the American Indian/Alaska Native (AI/AN) population living in the Southwest but 49 percent higher in those living in the Southern Plains (86).

CVD is the second leading cause of death for the Indigenous population in the US (supplanted by COVID-19 in recent years), with over a third of CVD-related deaths occurring before the age of 65 (87). One study found that among a study population of almost 100,000 Native Americans, the prevalence of peripheral arterial disease in indigenous Americans was nearly twice the rate compared to NHW, even when controlling for atherosclerotic risk factors (88). This inequity is further exacerbated by the fact that hospitals in areas that serve indigenous populations often lack specialized services such as cardio-oncology. A recent scientific statement from the American Heart Association emphasized the need and importance of future studies and interventions to reduce and eliminate inequities faced by the Indigenous population of the US (89).




6 Cardio-oncology disparities in sex and gender minorities

The number of individuals identifying as part of a sexual and gender identity minority (SGM) is growing. The most recent projections estimate roughly 7.1% of the US adult and pediatric population identifying as lesbian, gay, bisexual, or trans* (LGBT), up from 3.5% in 2012 (90). Given the stigma associated with identifying as SGM and structural inequalities, it is often thought that these numbers are an underestimation of the actual population of SGM in the US (91). Unfortunately, data regarding cancer incidence, outcomes, and treatment responses for SGM people is sparse. Similarly, there is a large gap in understanding CV disease relating to the SGM community (92). Despite the paucity of research, it is clear that SGM populations face disparities relating to care due to experiencing multiple barriers to receiving health care (93). For example, lesbian and bisexual females are more likely to have difficulty accessing care with a regular provider than heterosexual females (94). Other potential barriers to adequate health care for LGB individuals are implicit bias and overt discrimination during health care encounters, which may lower trust in health care providers and the health care system (94, 95).

There are known cancer disparities in SGM communities, which include increased rates of melanoma in cisgender gay men and increased rates of Kaposi sarcoma, lymphomas, and anal cancer in those populations at increased risk for HIV infection, including cisgender gay men and transgender women (96). Additionally, as cross-sex hormones administered for gender affirmation may be delivered at high doses over decades, the carcinogenicity and cardiotoxicity of hormonal therapy in transgender people is an area of continued research. Outside of these specific disparities, however, there is still much to learn.

Similarly, there is evidence that within the CV disease space, there are disparities related to the LGBTQ population, which was recently called to attention by the American Heart Association. When examining risk factors for CV health, sexual minority women exhibited greater CVD risk related to tobacco use, alcohol consumption, illicit drug use, poor mental health, and body mass index. In contrast, sexual minority men experienced excess risk related to tobacco use, illicit drug use, and poor mental health (97, 98). While the SGM group has often been examined as a monolith, there have been increased efforts to parse out variations in CVD risk by the sex assigned at birth, gender identity, sexual orientation, and race (92). One area of interest is the relationship between gender-affirming therapy and CVD (99). When examining from a lens of cardio-oncology space, minimal data exists, and further research is needed to expand appropriate care to this expanding population.




7 The impact of immigration status on disparities in immigrant populations

The term immigrant is defined as a person who comes to a country to establish permanent residence. In the U.S. immigration law, “immigrant” means explicitly those inspected and admitted as lawful permanent residents (100). Notably, this technical definition may underestimate population-data analysis of the total foreign-born population present in the US based on limited information on the legal status. Typically, it does not include the institutionalized population, which is primarily people in nursing homes and prisons. Immigrants will be denoted in this paper based on the Census Bureau definition, including three principal legal-status groups (naturalized citizens, legal permanent residents, and undocumented immigrants). Based on the Census Bureau’s monthly Current Population Survey (CPS) by the Center for Immigration Studies, the total foreign-born or immigrant population in the US reached 47.9 million in September 2022. This represents 14.6 percent of the US population or one in seven US residents and an increase of 2.9 million since January 2021. This is also one of the largest numbers in the US government census compared to the high records reached in 1890 and 1910 (101). Immigrants are considered a vulnerable population, but there is heterogeneity among the different ethnic and socioeconomic groups and language barriers, which relates to the degree to which they are vulnerable to inadequate health care (100). Most of the studies on immigrants and health care have focused on Hispanic/Latinx people as one of the largest immigrant groups, followed by Asians (a term that masks great ethnic diversity) and, more recently, on Black and Black/Caribbean immigrants. Across these groups, many similar factors influence inadequate health care in immigrant populations affecting their CV and cancer care and consequently increases disparities in cardio-oncology (102, 103). These factors include socioeconomic background; immigration status; food and housing insecurity, language barriers; lack of access to federal, state, and local policies on health care services; residential segregation; neighborhood disadvantage, marginalization, and stigma (104, 105). Of the 47.9 million immigrants in the country in September, 18.5 million were unemployed. This certainly correlates with immigrants having lower rates of health insurance, less access to health care, and ultimately receiving a lower quality of care than US-born populations. Furthermore, it is estimated that immigrants from Latin American countries other than Mexico represent about 60 percent and undocumented immigrants account for 61 percent (approximately 1.8 million) of the growth in the foreign-born population since January 2021 (101). Unfortunately, the number of undocumented immigrants is likely to continue to grow, given the current restrictions and delays in immigration policy which were aggravated in recent years and during the pandemic. In addition, deportation policies in the US may influence undocumented immigrants and their families hesitant to seek medical care. Many immigrants are relatively young and healthy when arriving to the US to work, and there is evidence of better health outcomes than their U.S.-born counterparts. However, immigrants’ health worsens over time, likely due to acculturation and poor access to care (56). Health policies at a local and federal level can help address the factors that increase these inequities in CV, oncological, and cardio-oncological care. These can be related at the intersection of health, immigration, and employment laws that ensure access to housing, living wages, education, and healthcare for these vulnerable patients.




8 Cardio-oncology disparities in the rural population

As a new subspecialty, cardio-oncology care is localized in urban areas at large academic institutions. This leads to significant disparities in cardio-oncology care for rural populations due to decreased access to tertiary care sites and the benefits of subspecialty care, testing, and clinical trial enrollment. The International Cardio-Oncology Society registry shows 21 countries with national cardio-oncology programs, and 81% of centers are in upper-middle to high-income countries (106). A study of oncologists in the central US showed 67.5% practiced in exclusively urban locations, 11.3% in exclusively rural locations, and 21.1% in both rural and urban locations (107). Per 2010 US Census Bureau data, 19.3% of the population is rural (108) and therefore may not have local access to specialized cardio-oncology care. One study showed that mean travel time for medical care for rural patients is 3 times longer vs. urban patients (128.9 min vs. 41.5 min, p<0.001) (109). Reduced access to care may then result in worse outcomes. Multiple studies in Europe and the US have demonstrated that both increased geographic distance and travel time were independently associated with worse outcomes (110, 111).

A qualitative study in rural Scotland that explored patients’ perspectives on disparities in oncologic care demonstrated that transportation is a major issue (112). American Community Survey data from 2020 showed that 1.6 million rural households do not have access to cars (113). Given the higher poverty levels and hospital closures in these pockets located in the South, Appalachia, the Southwest, and Alaska, many rural patients do not have access to tertiary care hospitals or specialized cardio-oncology care. It is well-established that close and early collaboration between cardiologists, oncologists, and primary care providers achieves higher rates of cardiac optimization and support of optimal cancer treatment and survival (114). Since rural residents have limited access to specialists, and the burden of managing patients undergoing active cancer treatment falls on the primary care provider or the rural oncologist without specialized training in cardio-oncology, which may result in worse outcomes (115). Furthermore, rural patients are underrepresented in clinical trials, which offer novel treatments essential to high-quality cancer care. Most trials are run at urban academic centers with large catchment areas, and rural patients have decreased interest in clinical trials due to financial and transportation barriers (116). Thus, it is crucial to engage in interinstitutional efforts such as connecting community-based cancer centers in rural areas to larger specialists from large academic centers as a gateway to cardio-oncology care and access to novel treatments and trials. This in turn, could also help with more inclusive recruitment of populations that are typically underrepresented in clinical trials




9 Social and financial disparities in cardio-oncology care

Social and financial disparities are multifaceted in the highly complex cardio-oncology patient population. CVD and cancer share many risk factors influenced by the social determinants of health (SDOH). And when these two chronic conditions co-exist, there is a cumulative effect in the disparities in medical care and the economic hardship faced by patients and their families (117). Low socioeconomic status, racial inequities, lack of support, and barriers to accessing quality medical care have been associated with increased death and CV co-morbidities. Due to limited access to insurance and follow-up care, patients from immigrant and underserved groups historically have increased CVD at baseline and have advanced cancer stages at the time of diagnosis, requiring more cardiotoxic regimens and close surveillance with specialized cardio-oncology care (118, 119). However, the geographic availability of cardio-oncology centers is mainly limited to academic institutions in major cities, which tend to be more challenging to access by these patients of lower socioeconomic status and those without health insurance. Even in large academic centers, appointment availability is sparse and patients often wait months prior to being seen by a specialist in cardio-oncology. Additional barriers to access to care and focused surveillance include the availability of transportation and the ability to attend medical appointments relative to employment status and job flexibility, which are often more difficult for patients of lower socioeconomic backgrounds and minority populations. In addition, there is a higher psychological burden related to financial distress linked with cardio-oncology care in these populations due to the inability to pay medical bills, cost-related delayed care, medication non-adherence, and food and job insecurity.

Economic hardship due to chronic illness has long-term consequences, with cancer being one of the most cited reasons for medical cost-associated bankruptcy in the US (120, 121). There are also population-level disparities in equitable access to specialized care and affordable diagnostic procedures and treatments (37, 122). Understanding the intersection of race, ethnicity, and these socioeconomic disparities is crucial. Furthermore, there are institution-level disparities as patients with challenges due to low income or lack of health insurance tend to receive care in public or safety net hospitals with limited specialized services. There is a need to determine quality metrics in the systems of care for cardio-oncology patients within and between institutions and how this relates to SDOH to improve patient outcomes for all communities, particularly those from underrepresented racial, ethnic, and lower socioeconomic backgrounds.




10 Strategies and future directions

A multi-pronged approach is critical to address disparities in the abovementioned populations. Additionally, each group has unique challenges that need to be overcome to achieve equity in the delivery of cardio-oncology care. It is critical that community and healthcare-based efforts are started promptly while research-based efforts are continued to find ways to ensure sustained and long-term equity. Some solutions for improvement on a community and healthcare level include expanding government-sponsored insurance and support programs nationwide to help facilitate access to high-quality and specialized cardio-oncology centers. This can potentially assist at-risk and underserved populations in addressing financial barriers such as coverage for diagnostic studies, medications, and services, as well as reduce issues surrounding care access such as transportation, missed workdays, and childcare. It is vital to design studies and interventions that define, screen for, and mitigate the financial consequences of cardio-oncology care through financial navigation plans. However, further investigation is needed to develop effective policies and methods at a system level focused on value-based care and lower financial burden on cardio-oncology patients, as well as to better understand the unique challenges faced by underrepresented and underserved populations in accessing cardio-oncology care.

While some studies have assessed the socioeconomic factors influencing financial hardship in patients (123–125), there is a need to move toward integrating specific methods and policies at a system level. Furthermore, patients from underrepresented and underserved populations, such as immigrants that could be non-English speakers or undocumented, face heightened challenges that require adequate assistance to fully understand the complex medical and financial issues in accessing cardio-oncology care. Promoting a diversified physician workforce and engaging community health workers with language and cultural experience can help bridge the existing gap and provide guidance to culturally specific resources available to these communities.

It is also key to increase awareness of the multiple social and financial inequities in cardio-oncology care. Advocacy efforts from stakeholders are crucial to developing pathways that provide optimal care while supporting patients in these areas of inequity. Addressing SDOH and the financial toxicity due to chronic CV and cancer care can help improve patient outcomes and enable the participation of underserved minorities in clinical trials in cardio-oncology.
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Background

Colorectal cancer is the third most common cancer worldwide. Colonoscopy is the gold standard for colorectal cancer screening. However, the colonoscopy participation rate in China is much lower than that in Europe and the United States. As only non-sedated colonoscopies are offered in colorectal cancer screening programs in China, the absence of sedation may contribute to this gap.





Methods

To explore the effect of free and partially participant-paid sedated colonoscopy on improving colorectal screening participation, we conducted a cross-sectional study under the framework of the Cancer Screening Program in Urban China in Xuzhou from May 2017 to December 2020. The Quanshan district was set as the control group and provided free non-sedated colonoscopy, the Yunlong district was set as a partial cost coverage group and offered partially participant-paid sedated colonoscopy, and the Gulou district was set as the full cost coverage group and offered free sedation colonoscopies. Multivariate logistic regression was used for multivariate analysis of colonoscopy participation and colorectal lesion detection rates between the groups.





Results

From May 2017 to May 2020, 81,358 participants were recruited and completed questionnaire, 7,868 subjects who met high-risk conditions for CRC were invited to undergo colonoscopy. The colonoscopy participation rates in the control group, partially cost coverage, and full cost coverage groups were 17.33% (594/3,428), 25.66% (542/2,112), and 34.41% (801/2,328), respectively. Subjects in the partial and full cost coverage groups had 1.66-fold (95% CI: 1.48–1.86) and 2.49-fold (95% CI: 2.23–2.76) increased rates compared with those in the control group. The adjusted PARs for the partially and the full cost coverage group was 9.08 (95% CI: 6.88–11.28) and 18.97 (95% CI: 16.51–21.42), respectively. The detection rates of CAN in the control, partial-cost coverage, and full-cost coverage groups were 3.54% (21/594), 2.95% (16/542), and 5.12% (41/801), respectively. There were no significant differences in the detection rates between the group. However, sedated colonoscopy increases costs.





Conclusion

Sedated colonoscopy increased colonoscopy participation rates in both the partial and full cost-covered groups. A partial cost coverage strategy may be a good way to increase colorectal cancer participation rates and quickly establish a colorectal cancer screening strategy in underfunded areas.





Keywords: colorectal cancer, screening, sedated colonoscopy, compliance, cost coverage





Introduction

Colorectal cancer (CRC) is the third most common cancer and second leading cause of cancer-related deaths worldwide, with an estimated 1.9 million more new cases and 935,000 deaths in 2020 (1). In China, CRC is the fifth most common cancer in both men and women and is a major public health issue (2). Most CRC occur through the “adenoma-carcinoma” pathway, which usually lasts 5–10 years (3, 4). Screening and early intervention have been shown to be effective in improving survival and preventing CRC development (5, 6).

To reduce cancer incidence and mortality, many countries and regions, including the United States and Europe, have established national colorectal cancer screening programs. The Chinese government also initiated the population-based Cancer Screening Program in Urban China (CanSPUC) in October 2012, which targeted common cancers that are most prevalent in urban areas, including CRC. Eligible participants were recruited from communities in the study regions and invited to undergo cancer screening free of charge. Participants were first invited to take a cancer risk assessment by an established Clinical Cancer Risk Score System, and those who were evaluated to be at high risk for CRC were recommended to undergo subsequent colonoscopy at tertiary-level hospitals designated by the program. The CanSPUC recruited 1,381,561 eligible participants aged 40–69 years from 16 provinces in China from 2012 to 2015, and 182,927 participants were evaluated to be at high risk for CRC; however, only 25,593 participants underwent colonoscopy as recommended, with a participation rate of 14.0% (7). This colonoscopy participation rate is much lower than the 22.9% (Netherlands) to 60.7% (Norway) reported in the Nordic-European Initiative on Colorectal Cancer (NordICC) study conducted in four European countries (Norway, the Netherlands, Poland, and Sweden) (8) and 60.8% among adults aged 50–75 years in the United States (9), seriously affecting the effectiveness of colorectal cancer screening in China.

As only non-sedated colonoscopies are offered in the CanSPUC, whereas sedated colonoscopies are commonly offered in Europe and the United States (8, 10–12), the absence of sedation may contribute to the gap in colonoscopy participation rates between China, Europe, and the United States. Sedated colonoscopy has many advantages, such as analgesia and anxiolysis (10–12), which may be important for improving colonoscopy participation, as pain and anxiety are partly responsible for poor colonoscopy participation. However, sedated colonoscopy also increases the risk of hypotension and hypoxemia and requires a specially qualified medical team comprising nurses, anesthetists, and incurs additional costs compared with non-sedation colonoscopy (10–12). Colorectal cancer screening in CanSPUC is currently paid for by a special government fund but will be covered by the Basic Medical Insurance Pooling Fund in the future. China’s Basic Medical Insurance system is divided into pooling and individual accounts. The pooling fund account is funded by employers and national financial subsidies and is shared by all insured persons, while individual accounts are funded by individuals and owned by themselves. In recent years, the participation rate in China’s Basic Medical Insurance has remained stable at approximately 95%. For mass screening programs, it is not possible to increase the cost of providing free-sedated colonoscopy when its effectiveness is uncertain. This problem may have been solved by the participants paying for additional sedation at their own discretion. However, the results of a study in Guangzhou, China, showed that the participation rate in free colonoscopy was higher than that in paid colonoscopy (20.27% vs. 10.70%), and most participants could not accept paying more than 300 yuan for CRC screening (13, 14).

To explore the effect of free and partially participant-paid sedated colonoscopy on improving colorectal screening participation and advise on health policy improvements, we conducted a cross-sectional study under the framework of the CanSPUC in Xuzhou. Xuzhou is the central city of the Huaihai Economic Zone (which has a population of 119 million, covers an area of 178,000 km2, and consists of 20 cities), located at the junction of four provinces (Jiangsu, Anhui, Shandong, and Henan), southeast of the North China Plain, and a gateway to East China. The participation rate of Basic Medical Insurance in Xuzhou was approximately 98.5%. From May 2017 to December 2020, Colorectal cancer screening was conducted in the Quanshan, Yunlong, and Gulou districts, and different cost coverage strategies were provided in each district.





Methods




Study design and population

We conducted this study using the CanSPUC framework. CanSPUC is an ongoing national cancer screening program in the urban areas of China, and Xuzhou joined this program in August 2014. Briefly, a cluster sampling method was adopted to conduct simple random sampling of the community as a group in the main urban area of Xuzhou. Residents living in selected communities aged 40–74 years were approached by trained staff via phone calls and personal encounters. After obtaining signed written informed consent, all eligible participants (aged 40–74 years, local permanent resident population, no major diseases) were interviewed by trained staff to collect information about their exposure to risk factors and to evaluate their cancer risk using conditions set by the National Cancer Center. To optimize the use of limited colonoscopy resources and to enhance the detection rate of colorectal neoplasia, only participants who met the high-risk conditions for CRC were recommended to undergo colonoscopy at Xuzhou Cancer Hospital, designated by the programmer free of charge. All data collection processes were conducted using an information system built specifically for CanSPUC by the National Cancer Center.

From May 2017 to May 2020, colorectal cancer screening was conducted in the Quanshan, Yunlong, and Gulou districts. Different colonoscopy and cost coverage strategies were provided for each district. The Quanshan District was set as the control group and provided free non-sedated colonoscopy according to the CanSPUC technical protocol. The Yunlong district was set as a partial cost coverage group and offered partially participant-paid sedated colonoscopy, CanSPUC funding paid for colonoscopy, and participants paid for their own sedation (about 376 yuan, can pay with Basic Medical Insurance Personal Account). Participants who refused to pay for sedation also had the option of undergoing an unsedated colonoscopy free of charge. The Gulou District was set as full cost coverage group and offered free sedation colonoscopies; all costs were covered by CanSPUC funds. Participants who refuse to undergo sedation can undergo free non-sedation colonoscopies.

A total of 81,358 participants were recruited and completed the questionnaire; 7,868 subjects (9.67%) who met the high-risk conditions for CRC were invited to undergo colonoscopy, and 1,937 subjects (24.62%) completed colonoscopy. A recruitment flowchart is shown in Figure 1. This study was approved by the Ethics Committee of Xuzhou Cancer Hospital (approval number: 2018-02-23-H01).




Figure 1 | Recruitment flow chart of this study.







Sample size

The colonoscopy participation rate and number of subjects invited for colonoscopy in each group were used to calculate the power. When the colonoscopy participation rate of the control group, the partially cost coverage group and the full cost coverage group were 17.33%, 25.66%, and 34.41%, respectively, and the number of subjects invited for colonoscopy were 3,428, 2,112, and 2328, respectively, the power of comparison of colonoscopy participation rate between groups was 0.999. This means that the sample size of this study was sufficient to compare the differences in colonoscopy participation rates between the groups.





Colonoscopy screening

The nature, benefits, and risks of colonoscopy were explained to all subjects prior to the examination, and a colonoscopy risk notification form was signed. We used polyethylene glycol (HYGECONR, Jiangxi Hygecon Pharmaceutical Co., Ltd., China) as a standard bowel preparation regimen for all participants, and an electrocardiogram was also performed before colonoscopy to prevent unexpected events. Propofol (Yangzijiang; Yangzijiang Pharmaceutical Group Co., Ltd., China) was used as a sedative for subjects selected for sedated colonoscopy. A team of experienced physicians, colorectal surgeons, nurses, and anesthetists performed all colonoscopy procedures at the endoscopy Center of Xuzhou Cancer Hospital. All abnormal findings were pathologically examined in accordance with the clinical procedures, and the results and images were uploaded to the project information system. Colorectal advanced neoplasia (CAN) was the most important abnormal finding and was defined as CRC or any colorectal adenoma measuring 1 cm or more in diameter, high-grade dysplasia, or tubular-villous histologic features. To ensure the quality of the examination, the quality control team, composed of the chief physician and deputy chief physician, reviewed all results.





Statistical analysis

Statistical analyses were performed using Stata version 16.0. Statistical significance was defines as a two-tailed P-value <0.05. The basic characteristics of the study population were first described and compared between the study groups using the Pearson χ2 test. The Pearson χ2 test was also used for the univariate analysis of colonoscopy participation rates. Multivariate logistic regression was used for multivariate analysis of colonoscopy participation rates and colorectal lesion detection rates between the groups, and adjusted ORs and P-values were reported. Based on the adjusted ORs, the adjusted RRs and PARs were calculated. The cost of colonoscopy in the different groups paid by funds was also calculated.






Results




Characteristics of the study population

From May 2017 to May 2020, 81,358 participants were recruited to complete the questionnaire. A total of 7,868 subjects who met the high-risk conditions for CRC were included in the analysis and invited to undergo colonoscopy, including 3,428 in the control group, 2,112 in the partial cost coverage group, and 2,328 in the full cost coverage group. The characteristics of the study population in the different groups are shown in Table 1, and all factors were different between the three groups (P <0.05).


Table 1 | Characteristics of the study population in different groups [n (%)].







Colonoscopy participation rate

The colonoscopy participation rates in the control, partial cost coverage, and full cost coverage groups were 17.33% (594/3,428), 25.66% (542/2,112), and 34.41% (801/2,328), respectively (Figure 2). The sedated colonoscopy uses rates of the partial cost coverage and full cost coverage groups were 7.38% (40/542) and 66.17% (530/801), respectively. In the partial-cost coverage group, all subjects who chose to undergo sedated colonoscopy were paid for their own sedation using the Basic Medical Insurance Individual Account.




Figure 2 | Colonoscopy participation rate and sedated colonoscopy use rate in different groups.







Univariate analysis

In the univariate analysis, group, age, sex, educational background, family history of CRC among first-degree relatives, previously detected colonic polyps, and fecal occult blood test results were all risk factors for colonoscopy participation rate (P <0.05), and the results are shown in Table 2.


Table 2 | Univariate analysis of colonoscopy participation rate.







Multivariate analysis

In the multivariate analysis, after adjusting for age, sex, educational background, family history of CRC among first-degree relatives, previously detected colonic polyps, and fecal occult blood test results, subjects in the partial cost coverage group and the full cost coverage group had 1.66-fold (95% CI: 1.48–1.86) and 2.49-fold (95% CI: 2.23–2.76) increased rates of colonoscopy participation, respectively, compared with those in the control group (Table 3). The adjusted PARs for the partial cost coverage group and full cost coverage group were 9.08 (95% CI: 6.88–11.28) and 18.97 (95% CI: 16.51–21.42), respectively.


Table 3 | Adjusted ORs, RRs, and PARs of factors associated with participation rate in colonoscopy.







Detection rate

The detection rates of CAN in the control, partial-cost coverage, and full-cost coverage groups were 3.54% (21/594), 2.95% (16/542), and 5.12% (41/801), respectively. There was no significant difference in the detection rate of CAN between the partial cost coverage group and the control group [OR = 0.74 (0.37–1.46), P = 0.387], or between the full cost coverage group and the control group [OR = 1.21 (0.68–2.12), P = 0.515] (Table 4).


Table 4 | Colorectal lesion detection rate in different groups.







Cost

The average cost of colonoscopy in the control, partial cost coverage, and full cost coverage groups paid by funds were 266, 266, and 515 yuan, respectively. The cost of colonoscopy needed to detect one case of CAN in each group paid by the fund was 7,524, 9,010, and 10,057 yuan (Table 5).


Table 5 | Cost of colonoscopy in different groups paid by fund (Yuan).








Discussion

This is the first study in China to investigate the effect of sedated colonoscopy with different cost coverages on improving compliance with CRC screening in asymptomatic community populations. This study found that sedated colonoscopy increased colonoscopy participation rates in both partial and full cost-covered groups, and there was no statistical difference in the detection rate of CAN compared with the control group. However, sedated colonoscopy also increases costs.

Participation rate is critical for determining the effectiveness of CRC screening. An Australian modeling study (15) showed that increasing colonoscopy participation from 40% to 60% could reduce 37,300 CRC cases and 24,800 CRC deaths over the next 25 years. In a 2012–2015 Chinese study (7), the diagnostic yield was not optimal using colonoscopy screening in high-risk populations, given the relatively low participation rate. But in this study, partial and full cost covered sedated colonoscopy increased participation rates by 9.08% [RR = 1.66 (1.48–1.86)] and 18.97% [RR = 2.49 (2.23–2.76)], respectively, demonstrating the effectiveness of the sedated colonoscopy screening policy in increasing participation rates. However, it is important to note that this study was a real-world field trial conducted in the real world. Due to the limitations of the research conditions, no randomization was conducted, and no balanced comparable control group was available. Community-based randomized controlled trials are recommended to further explore the association between sedated colonoscopy use and colorectal cancer screening participation when conditions permit it.

However, even in the full cost coverage group, the colonoscopy participation rate of the subjects in this study was only 34.41%, which was lower than the 40.0% in Europe (8) and 60.8% in the United States (9). The difference may be related to the basic characteristics of the population, such as the age of the subjects (CanSPUC, 40–74 years, NordICC, 55–64 years, United States, 50–75 years) (7–9). Age is an important factor for colonoscopy participation in countries around the world (7, 8, 16, 17). According to a French analysis (16), uptake was significantly lower in the youngest (50–59 years) and oldest (70–74 years) persons, compared with intermediate ages (60–69 years), with OR = 0.70 (95% CI: 0.63 to 0.77) and OR = 0.82 (95% CI: 0.72 to 0.93), respectively. In a study conducted in Henan, China (17), participants aged 50–64 years were more likely to undergo colonoscopy.

The high rate of colonoscopy participation in the United States is closely related to earlier scientific research and active health policies (18–20). From the mid-1970s to the 1990s, colonoscopy was established as a superior CRC screening modality in the United States (18). In 1997 and 2001, The Balanced Budget Act and Consolidated Appropriations Act were passed to provide access to screening colonoscopies. In 2014, the National Colorectal Cancer Roundtable of the American Cancer Society launched 80% by 2018 (19, 21). Although the target was not met that year, CRC screening rates in the United States have been gradually increasing and achieved good results (9, 20–22). In contrast, China’s nationwide CRC screening program was later launched. Although the National Cancer Center has made many explorations (such as CanSPUC and TARGET-C) (7, 23–25) and wrote the Chinese guidelines for the screening, early detection, and early treatment of colorectal cancer (2020, Beijing) (26), China does not have a national CRC screening policy at present, and the exploration of CRC screening strategies needs to continue to obtain sufficient evidence for CRC screening to be covered by the Basic Medical Insurance Pooling Fund in the future.

In addition, sedated colonoscopy has other advantages, such as easy scope advancement, less examination time, and better cecal intubation rates, which may help further improve the effectiveness of CRC screening (10). However, a study conducted by Liang et al. (27) showed that although sedated colonoscopy improved patient satisfaction, it did not affect the adenoma and polyp detection rates. Sedated colonoscopy did not improve the detection rate of advanced neoplasms and polyps in this study. However, from another perspective, the increase in colorectal cancer screening participation caused by sedated colonoscopy did not dilute the detection rate of colorectal lesions. Studies have also shown that the use of sedated colonoscopies increases the risk of aspiration pneumonia (28, 29), but not bowel perforation or splenic injury (29). Safety is a prerequisite for colorectal cancer screening; endoscopists and anesthesiologists should carefully explain to participants before performing sedated colonoscopy and perform pre-examination assessments to avoid adverse events.

In addition to effectiveness and safety, cost-effectiveness is an important factor to consider when developing a screening strategy. In this study, the full cost coverage group had the best effectiveness, but the highest average colonoscopy cost and highest cost of colonoscopy needed to detect one case of CAN. Additional screening costs may still be economical and preferred in areas where colorectal screening is adequately funded, and a formal cost–benefit analysis is required. However, unsedated colonoscopy is used in many parts of the world (30). The partial cost coverage strategy could be a possible way to increase the participation rate in underfunded areas of CRC screening, with no increase in colonoscopies paid for by the fund since participants pay for sedation themselves. This approach may also be used to help regions that do not already have colorectal cancer screening and quickly establish effective screening strategies at a low financial cost.

This study has several strengths. First, to our knowledge, this is the first study in China to investigate the effect of sedated colonoscopy with different cost coverage on improving compliance with CRC screening in asymptomatic community populations. Second, this study was conducted under the framework of CanSPUC, which used rigorous standards to guarantee the integrity and accuracy of the collected data, including a review mechanism to ensure the quality of data and the development of a data system to monitor all the processes of the study. Third, we evaluated the participation rate, detection rate, and cost of sedation colonoscopy with different cost coverages, and the results were comprehensive.

This study has several limitations. First, for practical reasons, only CRC screening data of the population in Xuzhou were used in this study. Second, due to the limitations of the conditions, the subjects were not randomly grouped in this study, which may have led to selection bias. In addition, only participants who met the high-risk conditions for CRC were recommended to undergo colonoscopy because of examination due to limited resources when CanSPUC was conducted. There may have been a decrease in colonoscopy participation in the average-risk population, but this did not affect the conclusions of this study.

In summary, sedated colonoscopy increased colonoscopy participation rates in both the partial and full cost-covered groups, and the diagnosis rate remained unchanged. The full cost-covered strategy works better but comes with additional costs. A partial cost coverage strategy may be a good way to increase colorectal cancer participation rates and quickly establish a colorectal cancer screening strategy in underfunded areas.
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Lung cancer is the leading cause of cancer death in the United States and worldwide, and a major source of cancer health disparities. Lung cancer cell lines provide key in vitro models for molecular studies of lung cancer development and progression, and for pre-clinical drug testing. To ensure health equity, it is imperative that cell lines representing different lung cancer histological types, carrying different cancer driver genes, and representing different genders, races, and ethnicities should be available. This is particularly relevant for cell lines from Black men, who experience the highest lung cancer mortality in the United States. Here, we undertook a review of the available lung cancer cell lines and their racial and ethnic origin. We noted a marked imbalance in the availability of cell lines from different races and ethnicities. Cell lines from Black patients were strongly underrepresented, and we identified no cell lines from Hispanic/Latin(x) (H/L), American Indian/American Native (AI/AN), or Native Hawaiian or other Pacific Islander (NHOPI) patients. The majority of cell lines were derived from White and Asian patients. Also missing are cell lines representing the cells-of-origin of the major lung cancer histological types, which can be used to model lung cancer development and to study the effects of environmental exposures on lung tissues. To our knowledge, the few available immortalized alveolar epithelial cell lines are all derived from White subjects, and the race and ethnicity of a handful of cell lines derived from bronchial epithelial cells are unknown. The lack of an appropriately diverse collection of lung cancer cell lines and lung cancer cell-of-origin lines severely limits racially and ethnically inclusive lung cancer research. It impedes the ability to develop inclusive models, screen comprehensively for effective compounds, pre-clinically test new drugs, and optimize precision medicine. It thereby hinders the development of therapies that can increase the survival of minority and underserved patients. The noted lack of cell lines from underrepresented groups should constitute a call to action to establish additional cell lines and ensure adequate representation of all population groups in this critical pre-clinical research resource.
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Introduction

Lung cancer remains the leading cause of cancer death in the United States (1, 2) and in the world (3) and is a prominent source of cancer health disparities (4). In the United States, Black men have the highest rate of lung cancer mortality among all groups (5). Lung cancer deaths in the United States have steadily declined due in large part to a decrease in smoking rates, particularly within Black men and women (4, 6). As a result, the gap in lung cancer deaths between Black and White men is slowly closing (1). Yet Black men in the United States still show a 12% higher lung cancer incidence rate and a 15% higher lung cancer death rate compared to White men (4, 6). Many factors are thought to contribute to this disparity, including socioeconomic factors, such as a lower frequency of screening, lack of awareness of and access to molecular testing, lack of awareness and participation in clinical trials, mistrust of the medical profession, and lack of diversity in the biomedical workforce (7–9). Importantly, genetic differences between Black and White subjects likely also play a role (10–14), with further studies required to uncover additional associations (15). It has been determined that genetics can affect lung cancer risk (16, 17), for example through differences in nicotine and carcinogen uptake (18–24) or the strength of detoxification responses (10, 25–27). Genetic background/ancestry can also affect the nature of driver mutations acquired by tumors (28–32), tumor mutational burden (33), and patient response to therapy (34). Given the numerous possible effects of genetic background on lung cancer development, pathology, and treatment, it is vital that race/ethnicity be considered in lung cancer research (35).

There are many established model systems to study lung cancer in vitro or in vivo (36). Among these, lung cancer cell lines represent a versatile and relatively affordable resource that can be widely disseminated to the scientific community (36, 37). Cell lines can be used to gain molecular insights into the development and progression of lung cancer and to pre-clinically test prospective lead candidate drugs (36, 37). Given the disproportionate impact of lung cancer on Black individuals as documented in the United States (4–6), we investigated the availability of lung cancer cell lines from Black and other underrepresented population groups, in order to determine whether available cell lines adequately represent the diversity in histological type, gender, race, and ethnicity required for optimal lung cancer research. The current review summarizes our findings.





Lung cancer types

An important consideration for the use of cancer cell lines is that they must represent the diversity of cancer types for a given organ. In the case of lung cancer, the major histological types of lung cancer should be represented. Historically, four major histological types were designated: lung adenocarcinoma (LUAD), squamous cell carcinoma (LUSQ), small cell lung cancer (SCLC), and large cell carcinoma (LULCC) (Figure 1). Based on the 2015 World Health Organization reclassification of the 2004-designated lung cancer histological types, these four groups were reclassified into three major types: Lung adenocarcinoma, squamous cell carcinoma, and neuroendocrine tumors (40–42), the latter including small cell lung cancer and large cell carcinoma. Lung adenocarcinoma (LUAD), arising in the air sacs (alveoli) of the distal lung, is the most frequently occurring histological type and commonly presents in the following subtypes: lepidic, acinar, papillary, micropapillary, and solid (42). In addition, LUAD can present as invasive mucinous, colloid, fetal, enteric, and minimally invasive (42). Squamous cell lung cancer (LUSQ) is thought to arise in the airways, is the second most common major lung cancer type, and shows clearly present squamous morphologic patterns. LUSQ can be subclassified as keratinizing, nonkeratinizing, and basaloid. Within neuroendocrine tumors, the most common type is small cell lung cancer (SCLC), a very aggressive cancer that is thought to arise mainly from rare pulmonary neuroendocrine cells [though therapy-resistant lung adenocarcinoma can recur as SCLC, through genetic alterations and a possible stem cell intermediate (43, 44)]. Large cell lung carcinomas (LULCC) are poorly differentiated and when neuroendocrine morphology or staining patterns are seen, large cell lung cancers are referred to as large cell neuroendocrine carcinomas. Large cell carcinomas lacking neuroendocrine markers have been largely reclassified and assigned to other groups depending on immunohistochemical analyses, leaving only a small group of highly undifferentiated cancers designated as large cell carcinomas (~ 1%) (42).




Figure 1 | Major lung cancer histological subtypes. (A) Pie chart showing mortality data indicating the proportion of different histological subtypes. Mortality data was obtained from the Surveillance, Epidemiology, and End Results (SEER) Program based on 17 registries in different regions of the United States (www.seer.cancer.gov). SEER*Stat Database: Incidence-Based Mortality - SEER Research Data, 17 Registries, Nov 2021 Sub (2000-2019) - Linked To County Attributes - Time Dependent (1990-2019) Income/Rurality, 1969-2020 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released April 2022, based on the November 2021 submission. Mortality was calculated via incidence-based mortality (IBM), a method to capture population-level mortality which can be attributable to particular tumor types or other variable reported to SEER registries. IBM calculations were done as described (38). ICD-O-3 morphology codes were grouped together to form the main histologic subtypes, as described (39). LUAD, Lung adenocarcinoma; LULCC, Lung large cell carcinoma; LUSQ, Lung squamous cell cancer; NOS, Lung cancer, not otherwise specified; Other, Other specified carcinoma, including but not limited to carcinoid carcinoma, adenosquamous carcinoma, salivary gland-type carcinomas; SCLC, Small cell lung cancer. (B) Hematoxylin and eosin-stained sections of different lung cancer types at 400x magnification.



We used data from the Surveillance, Epidemiology and End Results (SEER, https://seer.cancer.gov/) program, a large United States-based cancer registry that at present includes over 331 million subjects from 17 regions, to assess lung cancer mortality for different races/ethnicities for the main histological types (Figure 2). The data shows LUAD as the most common histological type across all gender and racial/ethnic categories. Black men and White women show the highest age-adjusted mortality rates for LUAD. Squamous cell lung cancer is the second most common histological type, with Black men and women showing the highest age-adjusted mortality rates for LUSQ. Age-adjusted mortality rates for SCLC are highest for White men and women, while for LULCC they are highest for Black men. Cell lines have been established from the most common lung cancer types (36), with lung adenocarcinoma cell lines predominating because cultures were relatively easy to establish. It should be noted that the histological classifications of cell lines are based on the WHO classification in use at the time the lines were established and may thus not fully match current designations.




Figure 2 | Race and ethnicity-specific mortality data for lung cancer histological subtypes. Mortality data was obtained from the Surveillance, Epidemiology, and End Results (SEER) Program based on 17 registries in different regions of the United States (www.seer.cancer.gov). SEER*Stat Database: Incidence-Based Mortality - SEER Research Data, 17 Registries, Nov 2021 Sub (2000-2019) - Linked To County Attributes - Time Dependent (1990-2019) Income/Rurality, 1969-2020 Counties, National Cancer Institute, DCCPS, Surveillance Research Program, released April 2022, based on the November 2021 submission. Mortality rates are given for each group per 100,000 individuals in that group. Mortality rates were calculated via incidence-based mortality (IBM), a method to capture population-level mortality which can be attributable to particular tumor types or other variable reported to SEER registries. IBM calculations were done as described (38). ICD-O-3 morphology codes were grouped together to form the main histologic subtypes, as described (39). Rate ratio comparison for mortality between individual race/ethnic groups compared to the overall rate of the respective gender were requested as outputs from SEER*Stats, which utilizes the Tiwari method (45). Taking into account a Bonferroni correction for the 40 comparisons, made, we considered the rate ratio significantly different compared to the “All” rate of their respective gender (orange bars) for p-value<0.00125. *,Significantly higher than the All rates for that gender; *,Significantly lower that the All rates for that gender. LUAD, Lung adenocarcinoma; LULCC, Lung large cell carcinoma; LUSQ, Lung squamous cell cancer; SCLC, Small cell lung cancer.







Cell lines as model systems

Lung cancer cell lines allow the in vitro study of human lung cancer, and are especially important for facilitating research when tumor samples are difficult to obtain. SCLC is one such case; it is rarely surgically resected because patients usually present with metastases. In principle, cell lines can be propagated indefinitely and relatively cheaply and are easily disseminated, which allows different labs to study the same cells and compare their results, for example in drug screens. Another advantage of cancer cell lines is that they are pure populations of cells, lacking contaminating stroma and other cell types, thereby allowing detailed genetic and epigenetic studies. This lack of context also has its drawbacks, but these can be addressed using certain culture conditions and model systems as described in a later section.

The first cancer cell line to be cultured was the HeLa cell line, derived from Henrietta Lacks, a black woman with cervical cancer (46). Important ethical questions have been raised about the fact that the cells were obtained at the time without informed consent from the patient (47). The establishment of the HeLa cell line was a scientific breakthrough, and HeLa cells have been widely used in academic and biotech laboratories (47). The demonstrated ability to culture tumor cells from a human patient set the stage for subsequent work establishing cell lines from many kinds of cancer, including lung cancer cell lines.

Due in large part to intensive efforts by Drs. Gazdar, Minna, and Carney to optimize methods to derive cell cultures from patient lung tumors, a large number of cell lines were established (37, 48). With their collaborators, these investigators ultimately cultured more than 200 lung cancer cell lines of different histological types, initially at the National Cancer Institute (NCI-designated lung cancer cell lines), and later at UT Southwestern Medical Center at the Hamon Cancer Center (HCC-designated cell lines). Combined with the efforts of other investigators across the world, over 400 lung cancer cell lines have been reported (36). Many of these cell lines have been cultured for decades, raising concerns among some investigators that the lines might experience genetic drift. Fortunately, the genetic and epigenetic alterations seen in lung cancer cell lines have remained relatively stable over time (37). It has also been asked how well the obtained cell lines represent the tumors from which they are derived. A comparison between a large number of lung cancer cell lines and primary lung cancers has demonstrated that many key genetic and epigenetic changes seen in lung cancer tumors have also been observed in cell lines (37).





Cell line quality and authentication

Two important considerations when using cell lines for research are cell line quality and authenticity. The presence of contaminating microorganisms, particularly mycoplasma, and the cross-contamination with other cell lines can invalidate performed research (49, 50). Mycoplasma is a type of infectious prokaryote lacking a rigid cell wall. While primary cells can be contaminated, laboratory personnel can also be a source of infection (49). Infection can affect cell growth and physiology, thereby nullifying experimental results and making it imperative that cultures be routinely tested so that contaminated cultures be discarded (49, 51–54). If discarding is not an option because a cell line is rare or even irreplaceable, treatment with antibiotics may be considered (55). Authentication of cell lines is also of critical importance. A previous lack of cell line authentication has resulted in large numbers of publications based on incorrect cell types, including many cell lines found to be, in truth, HeLa cells (56). Thus, cell lines should be obtained from reliable sources and should be routinely authenticated through DNA fingerprinting, i.e., the use of short tandem repeats (STRs) (47, 51, 53, 54, 57) (see Table 1 for useful web sites). Journals and granting agencies can help minimize misidentification by requiring authors to authenticate cell lines used in publications (58, 59), such as required by the National Institutes of Health (https://grants.nih.gov/grants/guide/notice-files/not-od-15-103.html). Current recommendations are to test cell lines for mycoplasma and authenticity when they first reach a new laboratory, before publication, and every two months while in culture.


Table 1 | Cell line verification web sites.







Representation of different races/ethnicities in current lung cancer cell line collections

We investigated the availability of lung cancer cell lines representing different races/ethnicities using the resources listed in Table 2. We identified over 800 lung cancer cell lines (Supplementary Table 1). A substantial fraction of these are isogenic (derived from the same parental line) or derived from different sites of the same patient. We identified almost 200 lung cancer cell lines from White subjects (Supplementary Table 1A), 6.5-fold more than the 31 cell lines available from Black patients (Table 3, Supplementary Table 1B). One of the 31 cell lines appears to be a duplicate (NCI-H2108 lists identical patient age, gender, cancer histology, and cell line STR analysis to NCI-H2107). Of the 30 unique Black lung cancer cell lines, 6 were derived from lung adenocarcinomas, 4 from squamous cell cancers, 11 from SCLCs, and the remainder were from unspecified non-small cell lung cancers (3), adenosquamous carcinomas (2), large cell carcinomas (2), a carcinoid tumor, a giant cell carcinoma, and a mucinoepidermoid carcinoma. Ancestry information was available for 24 of these lines, and showed African ancestry, ranging from 56% to 91%.


Table 2 | Resources from which lung cancer cell line information was obtained.




Table 3 | Lung cancer cell lines from Black patients.



We identified 390 cell lines from Asian lung cancer patients (Supplementary Table 1C), of which 20% appear to be non-unique (e.g. from different metastatic sites in the body of a given patient), or sister cell lines derived through manipulation of the original cell line.

We did not identify any cell lines representing H/L, AI/AN, or NHOPI individuals. It is possible that H/L ethnicity has not been properly documented for existing cell lines and thus, that such cell lines might be present in the current collection. However, while cell line race can be retrospectively examined using ancestry informative markers (single nucleotide polymorphisms that help infer ancestry admixtures (70–73)), H/L individuals in the Unites States represent an admixture population that may include White, Black, and AI/AN components and would be difficult to genetically identify. Going forward, ethnicity information would need to be documented at the time of sample collection.

We found almost 300 cell lines for which race/ethnicity is unknown (Supplementary Table 1D). Thus, there may be Black, AI/AN, and NHOPI cell lines among these unclassified lines and it may be worth determining their genetic ancestry (70–73).

We noted that the number of cell lines developed from men was over 2-fold higher than cell lines developed from women, and this excess was most prominent for the cell lines developed from Asian individuals (almost 7-fold) (Supplementary Table 1). This difference exceeds what might be expected based on the higher frequency of lung cancer detected in males, and indicates a disparity in the representation of female individuals in lung cancer cell lines. Overall, we conclude that there is a marked lack of cell lines from underrepresented populations and an underrepresentation of cell lines from women.





Cell lines representing the cells-of-origin of different types of lung cancer

In addition to cell lines derived from tumors, it is also important to establish cell lines derived from the cells-of-origin for the different lung cancer histological types. These cells can be useful for modeling the sequential development of the different lung cancer histological types and the effects of environmental exposures on lung cells from the airway or alveolar compartments. Genetic background can affect lung cancer predisposition as well as the metabolism and detoxification of tobacco smoke components (10, 18–27, 74). Thus, just as we need lung cancer cell lines from different races and ethnicities, we need cell-of-origin cell lines from different races and ethnicities to appropriately model lung cancer development. Normal lung cells derived from humans are not immortal and will undergo senescence when propagated in vitro (75). Immortalized cell lines must therefore be created using either viral genes such as Simian Virus 40 large T antigen (SV40LgT) (76, 77) or human papillomavirus E6+E7 genes (78), or overexpression/modification of human genes that allow cell cycle progression and prevent telomere shortening and the resulting senescence (79).

LUAD arises from alveolar epithelium, and to model human lung adenocarcinoma development in vitro, human immortalized alveolar epithelial cells are required. Four immortalized alveolar epithelial cell lines (hAECs) were established using SV40LgT antigen (80, 81). Race is only known for 3 of these cell lines, which were derived from White subjects (81). In addition, a polyclonal alveolar epithelial cell line of unknown race/ethnicity was established using a proprietary cocktail of 33 immortalization genes (82) and from it, a monoclonal cell line (Arlo) was recently derived (83). It will be important to develop additional immortalized alveolar epithelial cell lines for other racial/ethnic groups, given that LUAD is the most common lung cancer histological type in the United States for both genders and all races and ethnicities (Figure 2).

Human bronchial epithelial cells, the putative cells of origin of LUSQ, have been immortalized with SV40LgT, resulting in the BEAS-2B cell line (84), and by using overexpression of the telomerase gene in combination with either overexpression of G1 cell cycle kinase CDK4 or short hairpin RNA-based knockdown of cell cycle regulatory proteins p16INK4A and p14ARF. The latter yielded human bronchial epithelial cells (HBECs) and small airway epithelial cells (SAECs) (85, 86). BEAS-2B, HBEC, and SAEC cell lines can be useful to model the development of squamous cell lung cancer or determine the effects of environmental exposures on airway cells. To our knowledge, the race/ethnicity of the individuals from whom the cell lines were derived is unknown. Thus, ancestry tests of these lines would be useful, as would establishing more of these types of cell lines representing diverse races.

The availability of methods to establish immortalized alveolar and airway cells allows progress to be made in deriving additional cell lines from racially and ethnically diverse subjects. However, there is one important cell type for which no immortalized human cell lines have yet been established: pulmonary neuroendocrine (PNE) cells, the main cell-of-origin of SCLC (87). Immortalized PNE cells would be an important added tool to study the development of SCLC and may be especially relevant for studies of Black SCLC, as this type of cancer may arise at an earlier age in Black subjects than in other races (88, 89). However, PNE cells are rare (less than 1% of lung epithelial cells) making their isolation and immortalization challenging. One possible strategy is to derive these cells from induced pluripotent stem cells (iPSCs), a feat that was recently achieved (90).

Derivation of cell line types from induced pluripotent cells has also been used to obtain bronchial epithelial cells (91) and alveolar epithelial cells (92–94). The availability of racially/ethnically diverse iPSCs (95) provides an opportunity to derive diverse cell lines representing lung cancer cells-of-origin. However, iPSC-derived cell populations can consist of mixed cell types, and considerable time and expertise are required to differentiate them correctly (96, 97). Whether the epigenomes of such iPSC-derived cells fully match those of the corresponding adult differentiated cell types would also need to be determined. Using cell lines with the correct initial epigenome is particularly relevant in studies of the effect of environmental exposures (98). Epigenetic changes play a role in the development of all cancer types (99) and can be driven by environmental exposures such as tobacco smoke (100, 101). Using cell lines with epigenomes matching the natural cells-of-origin is also highly relevant for the study of disease-risk single nucleotide polymorphisms (SNPs) (98). Most risk SNPs, including those for lung cancer, lie in intergenic regions or introns, and likely affect risk by introducing changes in epigenetic regulatory elements (102). If cells differentiated from iPSCs do not epigenetically match their normal mature counterparts, regulatory elements may be missing or altered, thus affecting the correct interpretation of risk SNP epigenetic environments.





Applications of lung cancer cell lines and immortalized lung cell lines

Lung cancer cell lines and cell-of-origin cell lines can be used in a wide variety of ways to study lung cancer (36). In the simplest form, they can be grown on Petri dishes in two-dimensional culture or, in the case of classic SCLC cell lines, in suspension (48). Such in vitro cultures can be useful for the study of cancer driver and tumor suppressor genes, epigenetic changes in cancer cells, the effects of environmental exposures, and the investigation of lung cancer risk SNPs, among other topics. Cell lines provide a relatively pure population of cells compared to heterogeneous tumor or tissue samples that can contain variable amounts of contaminating blood cells and stroma. This simplification can greatly facilitate analyses and provides one powerful strategy to leverage cell-based models. However, it lacks the complexity arising from growth in three-dimensional space or from the interactions with other cell types, such as fibroblasts and blood vessels. Growth of pure cell lines with a defined medium in three dimensions can provide the next level of complexity, while the addition of fibroblasts, endothelial, and blood cells can further simulate in vivo characteristics. Even further advanced are three-dimensional models, so-called “organs-on-a-chip”, which may incorporate an air-liquid interface and/or the movement associated with breathing (103, 104). Organ-on-a-chip devices allow epithelial cells to be coated on a main channel and supportive cells or endothelial cells on a parallel secondary channel separated by a thin porous membrane (105). They can be used to study cancerous cells or cancer cells-of-origin, and should be considered for drug testing as the cellular microenvironment can affect cancer cells’ susceptibility to drugs (106, 107).

No matter how advanced an in vitro model is, it will not provide a natural tumor microenvironment identical to that found in vivo. To achieve the latter, implantation of cell lines into model organisms such as mice is required. To avoid rejection, immunocompromised (“nude”) mice or humanized mice need to be used. Such models, known as xenografts, can be made using human cancer cell lines, primary patient tumors, or even circulating tumor cells (108). Subcutaneous implantation is often used; while not fully mimicking the natural microenvironment, it allows easy monitoring of tumor size and thereby any therapeutic responses. However, if the cells used do not capture the racial and ethnic diversity of lung cancer patients, all models will fall short in moving lung cancer research forward for all population groups.





Discussion

Lung cancer cell lines and cell lines from lung cancer cells-of-origin are a key part of the research toolkit needed to advance knowledge on the development, progression, diagnosis, and treatment of lung cancer. However, in order to ensure that the knowledge gained, tools developed, and treatments devised are applicable to the population regardless of race or ethnicity, we need to ensure that cell lines representing all groups are available. In particular, cell lines representative of Black males should be at hand as Black males show the highest rates of lung cancer death. Here, we investigated the availability of lung cancer cell lines from underrepresented minority populations. We identified over 800 lung cancer cell lines, including ~200 unique lung cancer cell lines from White subjects and over 300 from Asian subjects. This contrasted with just 30 unique lung cancer cell lines available from Black patients. No lung cancer cell lines from H/L, AI/AN, or NHOPI individuals were identified, though some maybe present among the almost 300 lung cancer cell lines of unknown race/ethnicity. It is important to carry out ancestry analyses of existing cell lines to verify which race these lines best represent. In addition, a concerted effort should be made to generate more cell lines from women and underrepresented groups, and to document ethnicity at the time of tissue collection. Expanding the cell line repertoire is even more relevant for cell-of-origin lines, of which there are very few, and to our knowledge none from underrepresented groups.

It should be considered that certain racial/ethnic groups may have cultural objections to donating cells or tissues. Those desires should be respected, even if it means that population groups may not be represented in research. It is also important to keep in mind that broadly defined race/ethnicity groups do not capture the heterogenicity of admixed populations. For example, an analysis of Hispanic men in Florida showed that while lung cancer mortality rates were lower than those of White men, they were 50% higher in Puerto Rican than non-Puerto Rican men (109). Once cell lines from all groups willing to participate have been collected and represent all three major lung cancer types and cells-of-origin (from both men and women), thought should be given to key subpopulations that may merit disaggregation.

One short-term way to partially alleviate the current paucity of lung cancer cell lines representing different racial/ethnic groups is to use genome engineering to derive isogenic cell lines from the handful of underrepresented cell lines available. Cancer driver genes present in the cell lines can be replaced by other driver genes to generate cell lines in which the effects of different driver genes within a similar genomic context can be examined. This would expand the cell line repertoire available for molecular and drug development studies. However, to do this in a biologically meaningful way, the key cancer driver genes present in the different racial/ethnic populations of lung cancer patients must be identified. Unfortunately, cancer driver genes in underrepresented populations are under-studied. For example, in the public database The Cancer Genome Atlas (https://www.cancer.gov/ccg/research/genome-sequencing/tcga), the number of sequenced lung cancer samples from White patients outnumbers that of Black patients by almost 9:1. Thus, data on driver mutations in underrepresented patients must also be expanded. Clearly, much work remains to be done. The first step is to highlight current shortcomings in knowledge and resources, and to disseminate information to lung cancer patients of all races and ethnicities about the need for cell lines representing lung cancer in their communities. Explaining how lung cancer cell lines and cell-of-origin lines can be used to improve research and develop new therapies for people of the patients’ own racial/ethnic backgrounds can help patients make an informed decision about whether to participate. In addition, it would be beneficial if the donations of tissues/cells were discussed with patients by researchers and/or clinicians from their own racial/ethnic group, supporting mutual trust and a better understanding of research goals (7–9). To this end, all races and ethnicities should be well-represented in the medical and biomedical research professions. Thus, we need to build not only the tools, but also foster the success of clinicians and biomedical researchers who can advocate for the establishment and implementation of those tools.
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Formal measures of segregation”
Main effects

Evenness dimension
Exposure dimension

Joint Effects

Evenness, while controlling for Exposure
Exposure, while controlling for Evenness

Evenness x Exposure, while controlling for main effects
Evenness x Exposure, without main effects

Proxy measures of segregation

Economic Segregation
Racial Segregation
Racialized Economic Segregation

Hispanic/Latino Density

ACS, American Cancer Society; Cl, Confidence Interval.

Low

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

1.00

Alcohol™*
Moderate

0Odds Ratio and
(95% CI)

105
(0.89, 1.24)
086
(075, 0.98)

107
(091, 1.26)
085
(074, 0.98)
101
(095, 1.07)
100
(0.98, 1.01)

178
(0.89, 3.59)
189
(0.90, 3.96)
234
(0:89, 6.11)
040
(0.13, 1.25)

High

099
(0.85, 1.15)
090
(0.78, 1.04)

101
(0.87, 117)
090
(0.78, 1.05)
100
(0.95, 1.05)
100
(0.99, 1.01)

099
(046,2.13)
144
(0.69, 2.99)
132
(0.48, 3.62)
066
(0.22,2.03)

0776

0.148

Diet™*
Moderate  High
102 100
(0.95,1.09) (088, 1.14)
107 108
(101, 114) (097, 120)
L0t 099
(094,1.09) (086, 1.13)
107 108
(LOL, L14) (097, 121)
101 099
(098,103) (094, 1.04)
100 099
(100, 1.01) (098, 1.00)
122 113
(085,1.76) (061, 2.10)
076 109
(056,1.04) (056, 1.80)
110 129
(072,168)  (0.53,3.17)
157 125
(097,255)  (052,301)

0672

0712

Body Mass Index™*

Moderate

101
(0.94, 1.08)
100
(0.94, 1.07)

101
(0.95, 1.08)
100
(0.94, 1.07)
103
(1.01, 1.06)
100
(1.00, 1.00)

153
(1.07, 2.19)
115
(0.84, 1.58)
175
(1.14,271)
081
(0.49, 1.34)

High

105
(0.96, 1.15)
103
095, 1.12)

105
(096, 1.15)
103
(095, 1.11)
102
(099, 1.05)
100
(100, 1.01)

172
(1.08,2.73)
102
(068, 1.51)
208
(1.18,3.67)
106
(0.57, 1.98)

0030

0234

Physical Activity>®

Moderate

080
(0.63, 1.01)
097
(0.82, 1.15)

080
(0.64, 1.00)
098
(0.84, 1.15)
103
(0.95,1.12)
99
(0.98,1.01)

047
(0.11,1.97)
122
(0.47,3.16)
067
(0.20,2.30)
0.68
(0.19, 2.40)

The ACS guideline adherence score ranged from 0-8. A priori cut off for guideline adherence were low (score 0-3), moderate (score 4-5), and high (score 6-8). Data from baseline assessments were used in this analysis.

High

073
(0,57, 0.94)
092
(077, 1.10)

074
(0,58, 0.94)
094
(0.80, 1.12)
102
(094, 1.11)
0.99
(097, 1.00)

043
(0.09, 2.01)
141
(051, 3.87)
059
(0.15, 2.36)
051
(0.13, 1.99)

Pe

0415

0727

*The evenness dimension of segregation was measured with the Gini coefficient; the exposure dimension was measured with the Isolation index; economic segregation measured via Index of Concentration at the Extremes (ICE) for income; racial segregation

measured via ICE for race; Racialized economic segregation measured via ICE for income and race.
idual level covariates: age (<45, 45-65, >65), sex (male, female), education (<HS, HS, Some College, College, Missing),

2All models were adjusted for inds

come (less than $30,000, $30,000 or more, missing), marital status (married, otherwise), insurance

status (yes, no), place of with combined with years in the US (US born, Foreign born and <10 years in US, Foreign born and 10+ years in US, Missing), Language preference (Spanish, English), Hispanic/Latino heritage (Mexican, Dominican, Puerto Rican,
Cuban, Central American, South American, Other or More than 1 heritage, Missing), study site (the Bron, Chicago, Miami, San Diego); and neighborhood level covariates as follows: models for evenness, racial segregation, and HL density included
neighborhood deprivation index, while models for evenness, exposure, and economic segregation adjusted for neighborhood immigrant concentration).
*Models accounted for complex survey design using overall sampling or inverse probability weights for missing accelerometer data.
P values for multiplicative models were calculated using loglikelihood ratio tests comparing nested models with and without interaction effects.
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Formal measures of segregation”
Main effects

Evenness dimension

Exposure dimension
Joint Effects

Evenness, while controlling for Exposure

Exposure, while controlling for Evenness

Evenness x Exposure, while controlling for main effects

Evenness x Exposure, without main effects
Proxy measures of segregation”

Economic Segregation

Racial Segregation

Racialized Economic Segregation

Hispanic/Latino Density

ACS, American Cancer Society; Cl, Confidence Interval.

Model 13,

Odds Ratio (95% CI)

0.97 (091, 1.02)
0.97 (0.93, 1.03)

0.97 (0.92, 1.03)
0.98 (0.93, 1.03)
1.01 (0.99, 1.03)
1.00 (0.99, 1.00)

1.31 (0.96, 1.78;
1.23 (0.93, 1.63
1.50 (1.00, 2.26,

)
)
)
0.73 (048, 1.13)

PS

0.441
0.489

Model 2*

0Odds Ratio (95% CI)

098 (0.93, 1.04)
1.00 (0.94, 1.06)

098 (092, 1.05)
1.00 (0.95, 1.06)
1.01 (0.99, 1.03)
1.00 (0.99, 1.00)

1.19 (0.87, 1.63)
1.08 (0.80, 1.46)

0.89 (0.56,1.43)

PS

0.469
0.622

“The ACS guideline adherence score ranged from 0-8. A priori cut offs for guideline adherence were low (score 0-3), moderate (score 4-5), and high (score 6-8). Data from baseline

assessments were used in this analysis.

2The evenness dimension of segregation was measured with the Gini coefficient; the exposure dimension was measured with the Isolation index; economic segregation measured via Index

of Concentration at the Extremes (ICE) for income; racial segregation measured via ICE for race; Racialized economic segregation measured via ICE for income and race.

*Model 1 was adjusted for individual level covariates: age (<45, 45-65, >65), sex (male, female), education (<HS, HS, Some College, College, Missing), income (less than $30,000, $30,000 or
more, missing), marital status (married, otherwise), insurance status (yes, no), place of with combined with years in the US (US born, Foreign born and <10 years in US, Foreign born and 10
+years in US, Missing), Language preference (Spanish, English), Hispanic/Latino heritage (Mexican, Dominican, Puerto Rican, Cuban, Central American, South American, Other or More

than 1 heritage, Missing), study site (the Bronx, Chicago, Miami, San Diego).

“Model 2 also adjusted for neighborhood level covariates as follows: models for evenness, racial segregation, and HL density included neighborhood deprivation index, while models for
evenness, exposure, and economic segregation adjusted for neighborhood immigrant concentration). All models accounted for complex survey design using inverse probability weights.
°P values for multiplicative models were calculated using loglikelihood ratio tests comparing nested models with and without interaction effects.
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(1) Evenness dimension of segregation
(2) Exposure dimension of segregation
(3) Economic segregation

(4) Racial segregation

(5) Racialized economic segregation
(6) Hispanic/Latino (HL) Density

(7) Neighborhood deprivation index

(1)
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-0.051
0.168
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0.942
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0.897
-0.435
-0.828
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-0.933
-0.390

(5)
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Al Dominican Central Cuban Mexican Puerto  South  >1 One Missing P*

Heritage American Rican American Heritage Heritage
No. of 11,957 1,103 1,230 1,588 4,902 1,958 822 333 214
Participants
Adherence to Guideline Components
Alcohol"® <0.001
Low 528 4.6% 4.0% 3.7% 4.1% 4.9% 4.8% 4.4% 7.1% 16.8%
Moderate 1,240 11.8% 10.8% 10.9% 21.5% 7.4% 12.6% 9.2% 11.7% 0.0%
High 10,179 83.6% 85.2% 85.4% 74.4% 87.7% 82.7% 86.3% 81.2% 83.3%
Dietary>®
Low 3,856 34.5% 51.7% 35.5% 41.7% 20.2% 46.6% 37.6% 39.9% 65.6%  <0.001
Moderate 7,359 59.9% 47.3% 59.3% 55.4% 70.0% 49.7% 60.0% 57.7% 33.4%
High 742 83.6% 1.0% 52% 2.8% 9.8% 3.7% 2.4% 2.4% 1.0%
Body Mass Index™® 0.002
Low 3,857 29.7% 33.4% 27.6% 31.2% 27.4% 33.2% 22.6% 35.5% 11.4%
Moderate 5,609 48.0% 45.7% 48.9% 45.6% 51.0% 45.5% 49.9% 41.5% 45.0%
High 2,329 223% 20.9% 23.5% 232% 21.6% 21.3% 27.5% 23.0% 43.7%
Physical Activity™”
Low 231 1.73% 1.2% 1.3% 2.9% 1.2% 24% 1.8% 0.4% 0.0%
Moderate 7,548 60.0% 47.8% 58.8% 77.3% 59.6% 50.3% 55.2% 54.7% 38.0% <0.001
High 4,178 38.3% 51.0% 39.9% 19.9% 39.2% 47.3% 43.0% 44.8% 62.0%
Guideline Adherence <0.001
SCOl'E5'7
Low 1,710 13.7% 13.5% 12.1% 21.5% 8.6% 17.4% 8.4% 17.5% 9.7%
Moderate 7,156 58.8% 62.3% 60.3% 60.3% 57.6% 57.2% 58.9% 58.1% 34.9%
High 3,091 27.5% 232% 27.4% 183% 33.9% 254% 327% 24.5% 55.5%

ACS, American Cancer Society. Data from baseline assessments were used in this analysis.

"The alcohol recommendation was operationalized as 2 points for non-drinkers (high adherence) and 1 point for consuming up to 1 or 2 drinks per day for women and men (moderate
adherence), respectively, and 0 points if exceeding the alcohol recommendations (low adherence).

2The dietary recommendations were operationalized as a summation score, ranging from 0-9 points, across 4 diet components: (1) servings of red and processed meats per day divided into
quartiles (Q) and assigned a score of 0-3 (lowest Q = 3); (2) 1 point for consuming =5 fruits and vegetables (including nuts and legumes), (3) 1 or 2 points for being in the second or third
tertile of total carotenoids, respectively; (4) percentage of whole grains over total grains consumed divided into quartiles and assigned a score of 0-3 (lowest Q =0). Dietary adherence was
then classified as low (0-2 diet points), moderate (3-6 diet points) and high (7-9 diet points) adherence.

*The body mass index (BMI) recommendation was operationalized as 2 points for maintaining a BMI <25kg/m? at age 21 and at study entry (high adherence), 1 point for maintaining a BMI
between 25-30 kg/m? at either time (moderate adherence), and 0 points for BMI 230kg/m? at either point (low adherence).

*“The physical activity recommendations were operationalized using accelerometer measured MVPA where 2 points were given for engaging in >150 minutes/week of moderate or 275
minutes/week of vigorous activity per week (high adherence), 1 point for MVPA below recommended levels (moderate adherence), 0 points for 0 MVPA (low adherence).

A summation across representing overall guideline adherence across scores for diet, alcohol, BMI and MVPA was calculated and ranged from 0-8. A priori cut offs for guideline adherence
were low (score 0-3), moderate (score 4-5), and high (score 6-8) adherence.

Models accounted for ®overall complex survey weights or “inverse probability weights for missing accelerometry data.

8P values derived from Designed-based F tests.
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Bronx, NY Chicago, IL Miami, FL San Diego, CA P
No. of Participants 2,966 3,283 2,752 2,956

Adherence to Guideline Components

Alcohol"® <0.001
Low 528 3.7% 6.1% 4.0% 5.4%
Moderate 1,240 9.6% 10.8% 19.3% 6.7%
High 10,179 86.7% 83.2% 76.7% 87.9%

Dietary™* <0.001
Low 3,856 51.1% 20.6% 39.0% 20.2%
Moderate 7,359 46.4% 70.0% 58.0% 70.6%
High 742 25% 9.4% 3.0% 9.3%

Body Mass Index™® <0.001
Low 3,857 33.2% 28.6% 29.6% 26.5%
Moderate 5,609 46.7% 49.2% 46.0% 50.8%
High 2,329 20.1% 222% 24.3% 22.7%

Physical Activity™” <0.001
Low 231 1.4% 1.6% 24% 1.4%
Moderate 7,548 44.1% 60.4% 73.2% 62.7%
High 4,178 54.6% 38.0% 243% 35.9%

Guideline Adherence Score™” <0.001
Low 1,710 142% 11.3% 18.6% 8.9%
Moderate 7,156 59.4% 56.5% 60.0% 58.2%
High 3,091 26.4% 32.2% 21.5% 33.0%

ACS, American Cancer Society. Data from baseline assessments were used in this analysis.

"The alcohol recommendation was operationalized as 2 points for non-drinkers (high adherence) and 1 point for consuming up to 1 or 2 drinks per day for women and men (moderate
adherence), respectively, and 0 points if exceeding the alcohol recommendations (low adherence).

*The dietary recommendations were operationalized as a summation score, ranging from 0-9 points, across 4 diet components: (1) servings of red and processed meats per day divided into
quartiles (Q) and assigned a score of 0-3 (lowest Q = 3); (2) 1 point for consuming 25 fruits and vegetables (including nuts and legumes), (3) 1 or 2 points for being in the second or third
tertile of total carotenoids, respectively; (4) percentage of whole grains over total grains consumed divided into quartiles and assigned a score of 0-3 (lowest Q = 0). Dietary adherence was
then classified as low (0-2 diet points), moderate (3-6 diet points) and high (7-9 diet points) adherence.

*The body mass index (BMI) recommendation was operationalized as 2 points for maintaining a BMI <25kg/m” at age 21 and at study entry (high adherence), 1 point for maintaining a BMI
between 25-30 kg/m? at either time (moderate adherence), and 0 points for BMI >30kg/m” at either point (low adherence).

“The physical activity recommendations were operationalized using accelerometer measured MVPA where 2 points were given for engaging in >150 minutes/week of moderate or 275
minutes/week of vigorous activity per week (high adherence), 1 point for MVPA below recommended levels (moderate adherence), 0 points for 0 MVPA (low adherence).

°A summation across representing overall guideline adherence across scores for diet, alcohol, BMI and MVPA was calculated and ranged from 0-8. A priori cut offs for guideline adherence
were low (score 0-3), moderate (score 4-5), and high (score 6-8) adherence.

Models accounted for ®overall complex survey weights or “inverse probability weights for accelerometer data.

P values derived from Designed-based F tests.
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Formal measures of segregation®

Main effects
Evenness dimension
Exposure dimension
Joint Effects
Evenness, while controlling for Exposure

Exposure, while controlling for Evenness

Evenness x Exposure, while controlling for main effects

Evenness x Exposure, without main effects

Proxy measures of segregation”

Economic Segregation
Racial Segregation
Racialized Economic Segregation

Hispanic/Latino Density

Low

1.00
1.00

1.00
1.00
1.00
1.00

1.00
1.00
1.00
1.00

Model 1**°
Relative Risk Ratio (95% CI)

Moderate

0.94 (0.86, 1.03)
0.95 (0.88, 1.04)

0.95 (0.87, 1.05)
0.96 (0.88, 1.04)
1.02 (0.99, 1.05)
1.00 (0.99, 1.01)

1.08 (0.69, 1.70)
1.31 (0.84, 2.05)
135 (0.81, 2.24)
0.60 (0.28, 1.26)

ACS, American Cancer Society; CI, Confidence Interval, NA, Not Applicable.
“The ACS guideline adherence score ranged from 0-8. A priori cut offs for guideline adherence were low (score 0-3), moderate (score 4-5), and high (score 6-8). Data from bascline

assessments were used in this analysis.

High

0.93 (0.85, 1.03)
0.95 (0.86, 1.03)

0.94 (0.85, 1.05)
0.96 (0.87, 1.05)
1.02 (0.98, 1.05)
1.00 (0.99, 1.00)

1.47 (0.86, 2.49)
1.49 (0.92, 2.41)
1.94 (1.01, 3.70)
0.54 (0.25, 1.17)

0.552
0.764

Model 2*°
Relative Risk Ratio (95% CI)

Low  Moderate High

1.00  0.94 (0.86, 1.04)
1.00  0.95 (0.88, 1.04)

0.96 (0.86, 1.06)
0.98 (0.89, 1.09)

1.00  0.95 (0.86, 1.05)
1.00 096 (0.88, 1.04)
1.00 102 (0.99, 1.05)
1.00 100 (0.99, 1.01)

0.96 (0.86, 1.07)
0.99 (0.89, 1.09)
1.02 (0.98, 1.05)
1.00 (0.99, 1.00)

100 100 (060, 1.66)  1.24 (0.71, 2.19)
100 130 (0.82,2.06) 123 (0.72, 2.08)
1.00 NA NA

100 060 (0.28,129) 0.72 (0.31, 1.68)

P6

0.583
0.862

?The evenness dimension of segregation was measured with the Gini coefficient; the exposure dimension was measured with the Isolation index; economic segregation measured via Index
of Concentration at the Extremes (ICE) for income; racial segregation measured via ICE for race; Racialized economic segregation measured via ICE for income and race.
*Model 1 was adjusted for individual level covariates: age (<45, 45-65, >65), sex (male, female), education (<HS, HS, Some College, College, Missing), income (less than $30,000, $30,000 or
more, missing), marital status (married, otherwise), insurance status (yes, no), place of with combined with years in the US (US born, Foreign born and <10 years in US, Foreign born and 10
+years in US, Missing), Language preference (Spanish, English), Hispanic/Latino heritage (Mexican, Dominican, Puerto Rican, Cuban, Central American, South American, Other or More
than 1 heritage, Missing), study site (the Bronx, Chicago, Miami, San Diego).
“Model 2 also adjusted for neighborhood level covariates as follows: models for evenness, racial segregation, and HL density included neighborhood deprivation index, while models for
evenness, exposure, and economic segregation adjusted for neighborhood immigrant concentration).
“All models accounted for complex survey design using inverse probability weights.
P values for multiplicative models were calculated using loglikelihood ratio tests comparing nested models with and without interaction effects.
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1. Achieve and maintain a healthy weight throughout life.

2. Be physically active. Get at least 150 minutes of moderate intensity or 75 minutes of vigorous intensity activity each week (or a combination of these), preferably
spread throughout the week.

3. Eat a healthy diet, with an emphasis on plant foods.
3a. Limit how much processed meat and red meat you eat.
3b. Eat at least 21/2 cups of vegetables and fruits each day.
3c. Choose whole grains instead of refined grain products.

3d. If you drink alcohol, limit your intake. Drink no more than 1 drinker day for women or 2 per day for men.

'Kushi et al. (3). “American Cancer Society guidelines on nutrition and physical activity for cancer prevention: reducing the risk of cancer with healthy food choices and physical activity.”
CA Cancer ] Clin 62(1): 30-67.
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Goal Web site

Identify cell lines https://www.atcc.org/search-str-database

Identify cell lines https://www.cellosaurus.org/

Identify cell lines » https://www.dsmz.de/services/human-and-animal-cell-

lines/online-str-analysis

Find mislabeled https://www.atcc.org/the-science/authentication/
cell lines reclassified-cell-lines
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ACS Guideline Adherence Categories' Total  Low Adherence Moderate Adherence High Adherence P*

No. of 11,957 1,710, 13.7% 7,156, 58.8% 3, 091. 27.5%
Participants
Demographics ‘Weighted column %
Age, % <0001
18-44 4,553 60.2% 51.4% 57.4% 70.6%
45-65 6,384 31.5% 382% 33.0% 25.0%
>65 1,020 8.3% 10.7% 9.6% 4.4%
Sex <0.001
Male 4,765 47.8% 41.0% 46.0% 55.2%
Female 7,192 52.2% 59.0% 54.0% 44.8%
Education 0.0305
< High school 4,621 32.2% 33.0% 33.0% 30.0%
High School 3,014 28.3% 27.5% 27.1% 31.0%
Some college 1,476 12.1% 13.7% 12.5% 10.4%
= College 2,824 27.4% 25.7% 27.2% 28.5%
Missing 22 0.1% 0.2% 0.1% 0.0%
Employment status
Unemployed 5,644 48.0% 54.8% 48.9% 42.8% <0.001
Employed 6,181 50.6% 44.2% 50.0% 55.2%
Missing 132 1.4% 1.0% 1.2% 2.1%
Marital status
Single, divorced, widowed 8,961 65.7% 69.2% 68.4% 58.0% <0.001
Married or partnered 2,996 34.3% 30.8% 31.6% 42.0%
Acculturation
Language preference 0.3251
English 2,179 24.8% 26.0% 23.9% 26.3%
Spanish 9,778 75.2% 74.0% 76.1% 73.7%
Place of birth <0.001
Foreign born in US <10 years 2,759 28.1% 25.9% 27.1% 31.6%
Foreign born in US >=10 years 7,253 49.2% 53.2% 51.7% 41.8%
US Born 1,897 22.2% 20.3% 20.7% 26.3%
Missing 48 0.5% 0.6% 0.5% 0.3%
Health-related characteristics
Health Insurance 0.0017
Not insured 5,896 50.2% 44.0% 50.7% 52.3%
Insured 6,061 49.8% 56.0% 49.3% 47.7%
Smoking status <0.001
Current 2,116 20.3% 25.3% 19.7% 19.2%
Former 2,462 17.4% 19.6% 18.9% 13.2%
Never 7,362 61.9% 55.0% 60.8% 67.6%
Missing 17 0.4% 0.0% 0.7% 0.1%
Cancer history 0.0014
No 11,467 96.5% 94.4% 96.5% 97.5%
Yes 490 3.5% 5.6% 3.5% 2.5%
Lifestyle behaviors, mean + standard error
Body size, kg/m2
Body mass index at age 21 years,n =9, 11,957 24.0 £0.1 247 £0.4 242 £0.1 23.1£0.1 <0.001
614
Body mass index at study entry 9,614 294 +0.11 33.8+0.3 303 £0.2 253 £0.1 <0.001
Physical Activity
Self-reported Leisure time (min/week)
Moderate 11,897 89.8 £ 4.1 70.0 £6.7 855 £5.7 108.8 £ 7.2 0.001
Vigorous 11,1902 81.4 +4.0 46.8 +10.4 69.4 + 4.4 1242 +73 <0.001
Self-reported Total (min/week)
Moderate 11,915 670.1 + 16.6 4825 +27.6 647.1 +20.7 8125 +31.7 <0.001
Vigorous 11,913 291.0 £ 11.0 239.7 +38.0 259.1 £ 11.6 384.9 +20.6 <0.001
Accelerometry-measured (min/week)
Moderate 11,957 149.8 £ 2.9 70.1 £3.7 1324 +£3.1 2264 + 5.0 <0.001
Vigorous 11,957 241+14 43 +0.6 194 £17 44.0 £2.7 <0.001
Diet
Total energy, kcal/d 11,957 2,065.3 £ 14.7 1,979.7 £ 35.6 1,995.5 + 18.2 2,257.2 £ 272 <0.001
Fruit and vegetables, servings/d 11,957 49 +0.1 4.0 £0.1 48 £0.1 56 £0.1 <0.001
Total carotenoids, mg/d 11,957 33704 272£08 322+04 40.0 £0.8 <0.001
Red and processed meat, servings/d 11,957 21+0.1 211£0.1 20+0.1 22+0.1 0.487
‘Whole grains, servings/d 11,957 1.6 £0.1 0.5+ 0.0 15+0.1 24 £0.1 <0.001
Proportion of grains consumed as 11,957 219 £0.6 7.5+0.6 214 £0.7 30.1 £ 1.0 <0.001
whole grains
Alcohol intake among drinkers 11,957 0.3 +0.02 11£0.1 0.2 +0.02 0.03 +0.01 <0.001
(servings/day)
Alcohol intake among drinkers 11,957 1.9 £0.1 8.0 £0.7 13£0.1 0.2 +0.04 <0.001
(servings/week)
Neighborhood segregation measure®
Formal measures of segregation
Evenness dimension 11,957 0.39 +.004 0.40 +.006 0.39 +0.05 0.39 +0.005 0.138
Exposure dimension 11,957 0.76 £ 0.007 0.79 £ 0.01 0.76 £ 0.007 0.75 £ 0.008 <0.001
Proxy measure of segregation
Economic Segregation 11,957 -0.28 + 0.01 -0.32 £ 0.02 -0.29 £ 0.01 -0.25 £0.02 <0.001
Racial Segregation 11,957 -0.64 £ 0.01 -0.69 £ 0.01 -0.64 +0.01 -0.61 +0.01 <0.001
Racialized Economic Segregation 11,957 -0.26 + 0.01 -0.31 £ 0.01 -0.27 £ 0.01 -0.24 £ 0.01 <0.001
Hispanic/Latino Density 11,957 0.74 £ 0.01 0.77 £ 0.01 0.74 £ 0.01 0.72 £0.01 <0.001

ACS, American Cancer Society.

"The ACS guideline adherence score ranged from 0-8. Data from baseline assessments were used in this analysis.

*The evenness dimension of segregation was measured with the Gini coefficient (1 indicates higher segregation); the exposure dimension was measured with the Isolation index (higher
values indicate higher segregation); economic segregation measured via Index of Concentration at the Extremes (ICE) for income; racial segregation measured via ICE for race; Racialized
economic segregation measured via ICE for income and race (-1 indicates low privilege, +1 indicates higher privilege).

*P values derived from Designed-based F tests.
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Factors

Group

OR (95% Cl)

RR (95% CI)

R (%, 95% Cl

Control group

Reference

Reference

Reference

Partially cost coverage group 1.78 (1.55-2.04) <0.001 1.66 (1.48-1.86) 9.08 (6.88-11.28)

Full cost coverage group 2.92 (2.55-3.35) <0.001 249 (2.23-2.76) 18.97 (16.51-21.42)
Age

40-44 1.95 (1.40-2.70) <0.001 1.86 (1.38-2.50) 8.51 (4.20-12.78)

45-49 2.89 (2.20-3.80) <0.001 2.65 (2.08-3.34) 15.17 (11.54-18.76)

50-54 3.05 (2.34-3.98) <0.001 278 (2.20-3.48) 16.21 (12.79-19.59)

55-59 2.75 (2.12-3.57) <0.001 2.54 (2.01-3.17) 14.31 (11.06-17.52)

60-64 297 (2.29-3.85) <0.001 271 (2.16-3.38) 15.70 (12.43-18.93)

65-69 1.98 (1.53-2.56) <0.001 1.89 (1.49-2.38) 8.76 (5.72-11.84)

70-74 Reference Reference Reference
Sex

Male Reference Reference Reference

Female 1.14 (1.02-1.28) 0018 1.13 (1.02-1.25) 2.30 (0.39-4.20)
Education background

<High school Reference Reference Reference

High school and equivalent 1.22 (1.08-1.39) 0.002 1.20 (1.07-1.34) 3.43 (1.26-5.60)

>Postsecondary graduate 1.53 (1.30-1.80) <0.001 1.46 (1.27-1.68) 7.58 (4.53-10.62)
Family history of CRC among the first-degree relatives

No Reference Reference Reference

Yes 1.75 (1.48-2.06) <0.001 1.64 (1.42-1.88) 10.40 (7.08-13.70)
Previously detected colonic polyp

No Reference Reference Reference

Yes 1.67 (1.46-1.90) <0.001 1.57 (1.40-1.76) 9.40 (6.81-11.98)
Fecal occult blood test

Negative result or no Reference Reference Reference

Positive result 2.22 (1.88-2.62) <0.001 2.00 (1.74-2.29) 15.54 (11.92-19.12)

OR, Odds ratio; RR, Risk ratio; PAR, Population attributable risk; CI, Confidence interval.
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Colorectal lesion Control group Partial cost cover- Full cost coverage Partial cost cover- = Full cost coverage

age group group age group vs group vs Control

Control group group
OR P OR
(95% Cl) (95% Cl)*

CAN 21 (3.54%) 16 (2.95%) 41 (5.12%) 074 (037~ 0387 | 1.21 (0.68- 0515
1.46) 2.12)

CNA 117 (19.70%) 68 (12.55%) 139 (17.35%) 058 (0.42- 0001 0.80 (0.60— 0.120
0.80) 1.06)

Polyp 76 (12.79%) 88 (16.24%) 130 (16.23%) 1.35 (097 0077 1.30 (0.95- 0095
1.90) 1.78)

Any neoplasm 214 (36.03%) 172 (31.73%) 310 (38.70%) 0.82 (0.63- 0113 1.04 (0.83- 0738
1.05) 1.30)

CAN, Colorectal advanced neoplasm; CNA, Colorectal non-advanced neoplasm; OR, Odds ratio; CI, Confidence interval.
*Adjusted age, sex.
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Cost Control group Partial cost coverage g Full cost coverage gro
Total cost 158,004 144,172 412,346

Average cost 266 266 515

Cost needed to detect one case of CAN 7,524 9,010 10,057

Cost needed to detect one case of any neoplasm 738 838 1,330

CAN, Colorectal advanced neoplasm.
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Factors Control group Partial cost coverage Full cost coverage

(n = 3,428) group group
(n=2112)
Age <0.001
40-44 287 (8.37) 136 (6.44) 81 (3.48)
45-49 536 (15.64) 298 (14.11) 198 (8.51)
50-54 669 (19.52) 363 (17.19) 272 (11.68)
55-59 696 (20.30) 363 (17.19) 390 (16.75)
60-64 758 (22.11) 399 (18.89) 333 (14.30)
65-69 440 (12.84) 358 (16.95) 648 (27.84)
70-74 42 (1.23) 195 (9.23) 406 (17.44)
Sex ‘ ‘ <0.001
Male 1,567 (45.71) 906 (42.90) 1,533 (65.85)
Female 1,861 (54.29) 1,206 (57.10) 795 (34.15)
Education background ‘ ‘ 0.003
<High school 2,086 (60.85) 1,239 (58.66) 1,442 (61.94)
High school and equivalent 905 (26.40) 627 (29.69) 572 (24.57)
>Postsecondary graduate 437 (12.75) 246 (11.65) 314 (13.49)
Family history of CRC <0.001
among

the first-degree relatives

No 3,005 (87.66) 1,886 (89.30) 2,174 (93.38)

Yes 423 (12.34) 226 (10.70) 154 (6.62)
Previously detected <0.001
colonic polyp
No 2,987 (87.14) 1,714 (81.16) 1,783 (76.59)
Yes 441 (12.86) 398 (18.84) 545 (23.41)
Fecal occult blood test <0.001
Negative result or no 3,189 (93.03) 1,983 (93.89) 1,982 (85.14)

Positive result 239 (697) 129 (6.11) 346 (14.86)
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Factors

Participants undertaking
colonoscopy (%)

i

Group 219.62 | <0.001
Control group 594 (17.33)
Partially cost 542 (25.66)
coverage group
Full cost coverage 801 (34.41)
group
Age 67.98 <0.001
40-44 99 (19.64)
45-49 283 (27.42)
50-54 376 (28.83)
55-59 379 (26.16)
60-64 390 (26.17)
65-69 316 (21.85)
70-74 94 (14.62)
Sex 6.37 0.012
Male 938 (23.41)
Female 999 (25.87)
Education 53.44 <0.001
background
<High school 1,049 (22.01)
High school and 569 (27.04)
equivalent
>Postsecondary 319 (32.00)
graduate
Family history of 49.41 <0.001
CRC among
the first-degree
relatives
No 1,658 (23.47)
Yes 279 (34.74)
Previously detected 156.97 = <0.001
colonic polyp
No 1,414 (21.81)
Yes 523 (37.79)
Fecal occult blood 184.82  <0.001

test

Negative result or
no

Positive result

1,612 (22.53)

325 (45.52)
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Sample Details Method Key Findings

Radical
Echevarria prostatectomy 127 AA Human Exon 1.0 ST APOD, BCL6, EMP1, MYADM, SRGN and TIMP3
31107158 etal, 2019 (25) tissue 635 508 EA microarrays upregulated in AA
Radical
Hardiman Prostatectomy 10 AA TruSeq RNA library Immune and inflammatory genes (ie. IL2RG, CDIC,
27359067 etal, 2016 (26) issue 27 and 17 EA preparation kit CD207, CCL4, CCL8, CXCR4) upregulated in AA
THBS4, CREB3LI1, TNN, COL4A4, COL4A3,
COL2Al, FGF12, MYC,
GNG13, AGTRI, F2RL2, NPY4R, and GRIN3A
upregulated in AA
SGK1, ANGPT, FGF11, IL4, IL6, ANGPT4, THBS2,
Prostatectomy FLT4, NTRK2, PIK3R6, LAMAS
Hardiman and biopsy 33 AA TruSeq RNA library MET, GABRP, ADORA2B, TACRI, TAARI and
34680291 etal, 2021 (27) tissue 60 and 27 EA preparation kit GABRQ downregulated in AA
Radical
Nagaya et al,, prostatectomy 31 AA Ovation universal RNA- | SIPR3 upregulated in AA and GALRI, CHRM3 and
34692584 2021 (28) tissue 61 and 30 EA  seq library preparation kit NPFFRI downregulated in AA
Radical
Rahmatpanah prostatectomy 15 AA TruSeq RNA library
34316327 etal, 2021 (29) tissue 45 and 30 EA preparation kit GRIN3A downregulated in AA
Radical 596 AA
Rayford et al,, prostatectomy and 556 Human Exon 1.0 ST
34083737 2021 (30) tissue 1,152 EA microarrays CRYBB2 and GSTM3 upregulated in AA
Radical
Timofeeva prostatectomy 14 AA GeneChip HG-U133A 2.0
19724911 etal, 2009 (31) tissue 27 and 13 EA microarrays, qRT-PCR SOSI upregulated in AA
Radical
Wallace et al., prostatectomy 33 AA GeneChip HG-U133A 2.0

18245496 2008 (32) tissue 69 and 36 EA microarrays No difference observed
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Frequency
Baseline Characteristics
Gender*
Male
Female
Race**
African American
White
Asian
Other
Ethnicity**
Hispanic
Non-Hispanic
Other
Primary Language**
English
Other

“Missing data for 13 subjects with smoking history.

**Missing data for 1 subject with smoking history.

Smokers
N (%)

432 (82.0)

231 (55.1)
188 (44.9)

65 (15.1)
295 (68.5)
26 (6.0)
5 (10.4)

25(5.8)
392 (91.0)
14 (3.2)

399 (92.6)
32(7.4)

Never Smokers
N (%)

98 (18.0)

27 (27.6)
71 (72.4)

18 (18.4)
40 (40.8)
29 (29.6)
11 (11.2)

6 (6.1)
87 (88.8)
5(5.1)

78 (79.6)
20 (20.4)
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African American
‘White, Asian, other
Ethnicity
Hispanic Non-Hispanic or other

NCCN Eligible

Yes(%)

56.9
65.6

520
65.0

No(%)

43.1
344

48.0
350

p-value

0.206

0.201

UPSSTF Eligible

Yes(%)

385
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20.0
444

No(%)

61.5
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80.0
55.6

p-value

0.496

0.017
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Breast (n = 55,628)

Lol (%;2 %’:Sa“d Dy - aAngi ) CMR (per 100,000 women)  ASMR (per 100,000 women)

1999 1,848 (40.03) 59.43 + 15.55 12.02 9.82

2000 1,897 (39.89) 59.08 + 16.22 12.02 9.81

2001 2,131 (41.59) 59.61 + 15.53 13.16 10.89
2002 2,062 (39.63) 59.83 + 15.25 12.56 10.41
2003 2,113 (39.41) 59.66 + 15.78 1243 10.14
2004 2,501 (42.56) 58.99 + 15.38 15.07 13.64
2005 ‘ 2,551 (42.26) 59.46 + 15.41 15.7 12.89
2006 2,474 (40.68) 58.77 £ 1543 15.02 12.26
2007 2,707 (43.67) 59.93 + 15.44 16.21 V 13.14
2008 2,664 (42.61) 59.78 + 1544 15.23 12.58
2009 2,729 (40.74) 59.56 + 15.48 1537 12.59
2010 2,923 (43.14) 59.55 + 15.21 16.27 13.46
2011 2,997 (42.24) 60.33 + 1524 16.44 13.16
2012 3,026 (42.12) 60.16 + 1523 16.4 13.13
2013 3,168 (41.95) 60.22 + 15.34 16.28 12.58
2014 3,344 (40.83) 60.28 + 15.55 17.04 12.74
2015 3,424 (40.63) 60.26 + 15.47 17.27 1325
2016 3,669 (41.22) 60.41 £ 15.35 18.15 13.98
2017 3,610 (39.73) 60.18 + 15.69 17.56 13.29
2018 3,790 (40.48) 59.98 + 15.67 18.02 13.27

CMR, crude mortality rate; ASMR, age-standardized mortality rate.
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Cancer type Trends

Breast
Overall ASMR

1

2

Full range
Blacks

1

2

Full range
Indian/Asian

1

2

Full range

Colored

3
4
Full range
White
1
2
3

Full range

*Statistically significant p-value < 0.05.

Year period

1999-2004
2004-2018

1999-2018

1999-2004
2004-2018

1999-2018

1999
2001

1999

1999
2002
2005
2008

1999

1999
2001
2005

1999

2001

2018

2018

2002

2005

2008

2018

2018

2001

2005

2018

2018

APC

5.9%
0.5*

14*

5.0*

3.0*

3.3*

3.4%

2.7%

8.6

L

0.7*

95% Cl

33
0.1

0.8

09

23

27

-20.0

0.2

-18.1

-16.4

-27.1

8.6

2.0

9.3

3.7

4.0

6.8

2.0

P-value

<0.001
<0.001

<0.001

<0.001
<0.001

<0.001

0.3
0.3

< 0.001

0.4
0.4
0.8
< 0.001

<0.001

03
0.6
< 0.001

<0.001

Significant increase
Significant increase

Significant increase

Significant increase
Significant increase

Significant increase

Non-significant increase
Non-significant increase

Significant increase

Non-significant decrease
Non-significant increase
Non-significant decrease
Significant increase

Significant increase

Non-significant increase
Non-significant decrease
significant increase

Significant increase
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Cancer type NetDrift = 0 All period RR =1 All cohort RR = 1 All local drifts = net drift

Chi-square P-value Chi-square P-value Chi-square P-value Chi-square P-value
Breast
Overall 26.59 2.52E-07 [ 49.45 1.05E-10" 167.26 [ 8.66E-28" 29.53 0.0055"
Black 222.87 2.14E%" 298.27 236E°" 658.99 LOIE™ 955 073
White 0.68 041 2.34 0.50 69.68 5.09E 4554 1.70E%
Indian/Asian 0.20 0.66 0.83 0.84 12,93 0.61 1262 048
Colored 17.70 258E%7 25.80 1.05 E*¥ 148.38 5.06E>" 14.05 0.37

*Statistically significant at P-value< 0.05.





OPS/images/fonc.2023.1346785/crossmark.jpg
©

2

i

|





OPS/images/fonc.2023.1096882/fonc-13-1096882-g004.jpg
Oh 24h 48h 72h

MIMIC

MOCK

c
100 . 8
_ o mROMMC _
° L
< 80- - MOCK OLIGO 3
o c 6
5 * . 4 o
o 60 =
[} i
o I o 4
40 =
1 :
o 20 = 2
= S
0
MIMIC MOCK
E miR-9
100
fp o miR-9 MIMIC 20 *
2.47 uM
:\? 80 Kk == MOCK OLIGO
< 15
= 0| Wlcex" s
S 40 22.22 uM o 10
- = Fk ok 3
S 204 32 66.67 uM 200 M =

0 20 40 60 80 100120140160180200
Cisplatin (uM) MIMIC MOCK
miR-9






OPS/images/fonc.2023.1096882/crossmark.jpg
©

2

i

|





OPS/images/fonc.2023.1096882/fonc-13-1096882-g001.jpg
-log p value

B
o
- HR = 0.6 (0.42 -0.87)
© logrank P = 0.0057
O. L
Ft T
5 ©
3, © $
a ©
N % &
o | miR-9-5p expression

— Low
— High

0.0

0 10 20 30 40 50 60
log(FC) Time (months)





OPS/images/fonc.2023.1096882/fonc-13-1096882-g002.jpg
UM12 UM10a

mlR 9-5p

tq

mIR-16

let-7a






OPS/images/fonc.2023.1096882/fonc-13-1096882-g003.jpg
Wound Closure (%)

Cell Viability (%)

-
(=3
o

(=]
o

(=2}
o

B
o

N
o

o

-
N S [=2] (2] (=]
o o o o o

o

Kokkk
=+~ UM12 *edkkk

v- UM10a

*k%k

0 24h 48h 72h

0 20 40 60 80 100120140160180200
Cisplatin (uM)

Cell Proliferation (RF)

IC50 (uM)

]

(=2]

F =N

N

o

UM12

UM12

%k %k

UM10a

UM10a





OPS/images/fonc.2023.1079293/table1.jpg
Intervention Delivery No. of Partici- Disease = Study  Linguistic Long-term Primary outcome

content method pant/Race or stage  design and/or follow up
Ethnicity culturally  (time frame)?
tailored?
Greenlee, Diet In-person 70/Latina 0-111 Efficacy  Yes: Content  Yes (6 and 12 Intake of fruits and
2015 (57) & language months) vegetables (F&V) servings;

Percent calories from fat

Zuniga, Diet In-person 64 Latina, 53 White, = 0-III Efficacy No No Adherence to anti-
2018 (58) 8 Other inflammatory diet
Dieli- Physical Activity = In-person 55/Latina, 4/Black, 0-I1T Efficacy No No Metabolic syndrome z-
Conwright, 26/White, 15/Asian/ score

2018 (59) Pacific Islander

Moadel, Physical Activity  In-person 54/Black, 40/Latina, | LIV Efficacy  No No Quality of life score
2007 (60) 29/White, 5/Other

Mama, Physical Activity | In-person; At 89/Latina v Pilot Yes: Content | No Social cognitive theory
2018 (14) home & language measures; Minutes of

physical activity

Taylor, Physical Activity | In-person 33/Black Not Pilot No No Psychological and
2018 (61) reported functional outcomes
Lee, 2020 Physical Activity | In-person 22/Latina, 2/Black, | I-III Pilot No No Feasibility

a7 4/White, 2/Asian/

Pacific Islander

Soltero, Physical Activity  In-person 13/Latina, 1/Black, | 0-III Pilot No No Overall daily steps, BMI,
2022 (62) 5/White, 1/Other body fat
Stolley, Diet and In-person 246/Black 11 Efficacy  Yes: Content  Yes (12 months) | 5% Weight loss
2017 (63) Physical Activity only
Ferrante, Diet and Electronic (Spark 37/Black 0-111 Pilot No Yes (12 months) 5% Weight loss
2018 (64) Physical Activity | People website)
Valle, 2017 Diet and Electronic (Email, = 45/Black I-IIT Pilot No Yes (6 months) Weight gain prevention
(65) Physical Activity = Mobile
application,
‘Website)
Greenlee, Diet and In-person 33/Latina, 9/Black, 0-T11 Pilot Yes: Yes (12 months) 5% Weight loss
2013 (66) Physical Activity Language
only
Paxton, Diet and Electronic (Email; ~ 59/Black, 8/Latina, 0-1V Pilot No No Meeting exercise/dietary
2017 (67) Physical Activity Individualized 4/Other American Cancer Society
website) recommendations
Sheppard, Diet and In-person 31/Black 0-111 Pilot Yes: Content No 5% Weight loss
2016 (68) Physical Activity only
Buscemi, Diet and Electronic 80/Latina 0-I1T Pilot Yes: Content No Dietary intake; Minutes of
2020 (69) Physical Activity | (Mobile & language physical activity
application)
Crane, Diet and Electronic 45/Latina Not Pilot Yes: Content | No Dietary intake; Minutes of
2021 (31)  Physical Activity | (Telephone) Reported & language physical activity;
Feasibility; Acceptability
Allicock, Diet and Electronic 22/Black Not Pilot No No Feasibility
2021 (32) Physical Activity | (Mobile Reported

application)
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Trial name, First
Author, Location
(Type of Behavior)

Study
Design

Sample Characteristics

Intervention \
Characteristics

Study Measures

Primary Outcomes

Diet Interventions (n= 2 efficacy trials)

iCocinar para su Salud!, RCT, 2-arm,
Greenlee, 2015 (57), efficacy
New York

(Diet)

Other publications (70~

72)

Zuniga, 2018 (58), Texas RCT, 2-arm,
(Diet) efficacy

Other publications (73)

Group (N): 70
1(34); C (36)
Sample: Survivors;
-77% Dominican
-7% Puerto Rican
-7% Ecuadorian

Stages: 0 - IIT
Mean time since diagnosis:
34y

Mean age: 56.6 y
Mean BMI: 309 kg/m®
Recruitment: oncology clinics
at academic cancer center

Group (N): 153

1(76); C (77)

Sample: Survivors;

-51.2% Latina

-42.4% Non-Hispanic White
-6.4% Other

Stages: 0 - IIT

Mean time since diagnosis: 2
y

Mean age: 57 y

Mean BMI: Not Reported
Recruitment: Not Reported

Theory: Stages of Change
Construct and Social
Cognitive Theory

Duration: 3mo.

Delivery:

All: Nutrition educational
printed material in Spanish
I: Nine in-person Saturday
classes lasting 1.5 to 3.5
hours:

- 4 nutrition education with a
registered dietitian

- 3 cooking classes with
Latina chef

- 2 food shopping field trips
to local supermarket and
greenmarket

C: Usual care

Contact: Monthly calls with a
dietitian during 3mo.
Follow-up: 6mo., 12mo.

Theory: Not Reported
Duration: 6mo.

Delivery:

I: Monthly in-person group
nutrition workshops about
anti-inflammatory foods and
cancer recurrence.

- Didactic portion and
cooking demonstrations with
chef trained in Al food
preparation, a tasting, and
interactive discussion with
participants and research
staff.

- Encouraged to attend 6
monthly workshops

- Received paper copies of
presentation material

- Received motivational
interviewing

C: Usual care

- Monthly American Institute
for Cancer Research
informational brochures
Contact: Monthly calls with
trained patient navigators for
6 mo.

Follow-up: none

Physical Activity Interventions (n= 2 efficacy trials; n= 4 pilot/feasibility trials)

Physical Activity measure:
Block Physical Activity
Screener

Dietary measure: Three 24-
hour recall assessments (2
weekdays, 1 weekend day,
one in person at baseline,
two over the phone).

Physical activity measure:
none

Dietary measure: 14-item
Mediterranean diet
assessment tool and a 3-day
food record (two weekdays
and one weekend day) prior
to assessment

Change in intake of
servings of fruits and
vegetables

% Calories from fat

Change in adherence to
anti-inflammatory dietary
pattern

Dieli-Conwright 2018 RCT, 2-arm, Group (N): 100 Theory: American Cancer Physical activity measure: Metabolic syndrome z-
(59), California efficacy 1(50); C (50) Society (ACS) exercise Physical activity history score based on the
Sample: Survivors; guidelines for cancer measured at baseline with following variables:
(Physical Activity) -55% White Latina survivors. interviewer-administered -Waist circumference
Other publications -26% Non-Hispanic White Duration: 4mo. validated questionnaire. -Systolic and diastolic
(74) -4% Black Delivery: Determined maximal oxygen = blood pressure
-15% Asian/Pacific Islander All: Asked to maintain update with a single stage -HDL cholesterol
Stages: 0 - 11T dietary behaviors during the  submaximal treadmill test. ~Triglycerides
Mean time since diagnosis: study period Assessed maximal voluntary -Glucose
6.2 mo. I: Supervised, one-on-one strength (one-repetition
Mean age: 535y training provided by a maximum) for chest press,
Mean BMI: 33.5 kg/m® certified cancer exercise latissimus pulldown, knee
Recruitment: academic cancer  trainer. extension and knee flexion
center and affiliate public - 3 weekly sessions of using the 10-repition
hospital resistance and aerobic maximum method.
exercise lasting ~80 mins for | Dietary measure: 2 week
sessions 1 and 3 and of days and 1 weekend day
aerobic exercise of ~50 mins dietary records at baseline,
long for session 2. post-intervention and at 3 m
- Wore Polar heart monitors  follow up for I group only.
during sessions.
C: Wait-listed
- Wore a daily accelerometer
Contact: Weekly for 6mo.
Follow-up: 7mo.
Moadel 2007 (13), New | RCT, 2-arm, Group (N):128 Theory: Not Reported Quality of Life measure: The | Change in Quality of Life
York efficacy 1(108); C (44) Duration: 3mo. Functional Assessment of
(Physical Activity) Sample: Patients and Delivery: Cancer Therapy (FACT)
survivors; I: immediate intervention
-42% Black 12 in person, 1.5-hour Hatha
-31% Latina yoga sessions with certified
-23% White instructor. Participants able
-4% Other to attend >1 class/wk.
Stages: I - IV C: Wait-listed
Mean time since diagnosis: Contact: Baseline and after
Lly 3mo.
Mean age: 54.8 y Follow-up: none
Mean BMI: Not Reported
Recruitment: Oncology
clinics at academic medical
center and private clinics
Project VIVA! Mama RCT, 3-arm, Group (N):89 Theory: Social cognitive Physical Activity and Compare culturally
2018 (14), Texas and pilot 1(59); C (30) theory Sedentary Time: The adapted vs standard
Puerto Rico Sample: survivors Duration: 4mo. International Physical intervention on the
(Physical Activity) -45 Mexican American Delivery: Activity Questionnaire following:
Other publications -44 Puerto Rican All: Twice a week home- (IPAQ) short form to -Social cognitive theory
(75) Stages: I-TV based exercise program measure Physical Activity measures
Mean time since diagnosis: consisting of aerobic exercise, = and sedentary time over the -Physical activity
Not Reported muscular strength, and past seven days. -Sedentary time
Mean age: 58.5y flexibility training. Sedentary behavior: Past-day
Mean BMI: 31.0 kg/m? - Intensity and duration were | Adults’ Sedentary Time
Recruitment: Oncology individually tailored. (PAST) Questionnaire.
clinics at academic medical - Two sets of resistance band,  SCT variables: a range of
center. a pedometer. an exercise scales to measure exercise
book and video self-efficacy, barriers self-
- Group exercises were held | efficacy, social modeling of
once a month. Physical Activity, and social
I-1: Culturally adapted group support for exercise.
(n=30)
- Culturally relevant images,
messages, and examples to
Latina breast cancer survivors
- Information on self-efficacy,
social modeling, and social
support
1-2: Standard exercise group
(n=29)
C: Wait-listed
Contact: Biweekly phone calls
for 4mo.
Follow-up: 6mo.
Taylor 2018 (16), RCT, 2-arm, Group (N):33 Theory: Not Reported Fatigue: 9-item self-reported | Changes on psychological
Washington, DC pilot 1(18); C (15) Duration: 2 mo. Brief Fatigue Inventory scale, = and functional outcomes
(Physical Activity) Sample: Survivors Delivery: to assess fatigue and impact
-100% Black I: Eight weekly restorative of fatigue on daily
Stages: Not Reported yoga classes of 75 minutes functioning.
Mean time since diagnosis: per session led by a certified  Insomnia: 7-item Insomnia
()93 yand (C) 65y yoga instructor at Howard Severity Index (ISI) measure
Mean age: (I) 549 y and (C) | University. to evaluate the perceived
526y - Yoga breathing techniques  severability of clinically
Mean BMI: (I) 33.8 kglm2 Pranayama. significant insomnia over 2
and (C) 33.9 kg/m? C: Wait-listed whks.
Recruitment: Oncology Contact: Baseline and after Depression: Center for
clinics at academic medical 2mo. Epidemiologic Studies Short
center Follow-up: none Depression Scale (CES-D-R
10). 10-items self-reported,
to measure depressive
symptomatology.
Perceived stress: 4-item
Perceived Stress Scale (PSS).
Yoga Satisfaction: Assess
participants opinion of the
yoga program.
Lee, 2021 (17), California ~ RCT, 2-arm, Group (N): 30 Theory: Not Reported Physical Activity measure: Feasibility of utilizing
(Physical Activity) pilot 1(15); C (15) Duration: 8 wks Timed up and go (TUG), the | HIT, measured using the
Other publications: Sample: Patients Delivery: 30-s sit-to-stand (30STS) average minutes of weekly
(76-79) -13% Non-Hispanic White All: Maximal cycling protocol test, the Margaria-Kalamen activity and the number
-73% Latina that included 10 W increase stair climb test, and the 6- of sessions attended
7% Black in workload every 60s, min walk test (GMWT).
-7% Asian/Pacific Islander starting at 40 W while
Stages: I-II maintaining 60 rpm to
Mean time since diagnosis: 8 measure their VO2max and
wks from completing (neo) PPO (highest power output
adjuvant generated during a maximal
Mean age: 46.9 y cycling test).
Mean BMI: I (33.1 kg/m?); C I: Eight weekly HITT
(30.1 kg/m?) supervised sessions by a
Recruitment: Oncology certified exercise trainer on a
clinics at academic medical stationary bike.
center and affiliate public C: Wait-listed
hospital Contact: Baseline and after 8
whks.
Follow-up: none
Soltero 2022 (22), RCT, 2-arm, Group (N): 20 Theory: Not Reported Physical Activity measure: 7- | Overall daily steps
Arizona pilot Arm 1(10); Arm 2 (10) Duration: 8 wks day pedometer protocol BMI

(Physical Activity)

Sample: Survivors

-65% Latina

-25% Non-Hispanic White
-5% Black

-5% Mixed race/ethnicity
Stages: 0-TII

Mean time since diagnosis: 2
wks to 10 y past primary
treatment

Mean age: Arm 1 (49.6 y),
Arm 2 (532 y)

Mean BMI: Arm 1 (31.0 kg/
m?) Arm 2 (31.1 kg/m?)
Recruitment: Oncology clinic
and dissemination through
the cancer support
community.

Delivery:

All: Used a 7-day pedometer
and a Tanita TBF-310 body
composition analyzer.
Twice a week classes.

Arm 1: Latin dance classes
- Provided by Latin dance
instructors, included basic
salsa, merengue, chacha and
bachata.

Arm 2: Qigong/Tai Chi
classes

- Provided by Tai Chi Easy
instructors. There were 7
basic core exercises, 10
additional movements and
standardized opening and
closing movements.

C: none
Contact: Baseline and after 8
wks.

Follow-up: none

Percent body fat

" Combined Diet/Physical Activity Interventions (n= 1 efficacy trial; n= 8 pilot/feasibility trials)

Moving Forward, RCT, 2-arm, Group (N): 246 Theory: Socioecological Physical Activity measure: 5% weight loss
Stolley 2017 (9), Chicago | efficacy 1(125); C (121) model Modified Activity
(Diet and Physical Sample: Survivors; Duration: 6mo. Questionnaire to determine
Activity) -100% Black Delivery: frequency and duration of
Other publications (80~ Stages: T - IIT I: Interventionist-guided moderate and vigorous
82) Mean time since diagnosis: program activity
67y - Class 1: twice-weekly, 90 Dietary measure: Block 2005
Mean age: 57.5 y min. in-person, supervised Food Frequency
Mean BMI: 36.1kg/m? group exercise sessions Questionnaire to determine
Recruitment: followed by 45-60 min intake of energy, fruits and
Cancer registry learning modules; text vegetables, fat, fiber, meat,
messaging counseling and added sugars.
- Class 2: standalone, 60 min.
exercise session. Provided
program binder.
C: Self-guided program
- Received program binder
Contact: Baseline and after
6mo.
Follow-up: 12mo.
Ferrante 2018 (23) New ~ RCT, 2-arm, Group (n): 37 Theory: Not Reported Physical Activity measure: 5% weight loss
Jersey pilot 1(20); C(17) Duration: 6 mo. Direct data downloads from
(Diet and Physical Sample: Survivors Delivery: the Fitabase research
Activity, eHealth tools) -100% Black I: Instructed to self-monitor platform provided Physical
Other publications Stages: 0-I11 diet weeKly using Activity levels.
(83) Mean time since diagnosis: SparkPeople website and Dietary measure: Caloric
66y physical activity levels daily intake was quantified by 24-
Mean age: 61.5y using Fitbit device. hour diet recall administered
Mean BMI: 37.7 kg/m® - Active phase: Weekly by research assistant using
Recruitment: Oncology motivational reminders to log  the Sparkpeople.com food
clinics at academic medical into website for 3mo. diary tool.
center - Maintenance phase:
Additional 3mo. without
reminders.
C: Wait-listed
Contact: Baseline, at 3mo.
and after 6mo.
Follow-up: 9mo. and 12mo.
Valle 2017 (25), North RCT, 3-arm, Group (n): 45 Theory: Self-regulation theory  Physical Activity measure: Weight gain prevention
Carolina pilot 1(34); C (11) of eating and exercise Paffenbarger Activity
(Diet and Physical Sample: Survivors behaviors to prevent weight  Questionnaire (PAQ).
Activity, eHealth tools) -100% Black gain and two additional Dietary measure: Automated
Stages: I-11T frameworks used in STOP Self-Administered 24-Hour
Mean time since diagnosis: Regain and SNAP which Dietary Recall (ASA-24).
31y emphasized daily self-
Mean age: 53 y weighing.
Mean BMI: 33.9 kg/m® Duration: 6 mo.
Recruitment: Hospital based- Delivery:
registry/cancer survivorship  All (intervention):
cohort, oncology clinics at - In-person individualized
academic medical center, sessions.
local tumor registry, - Bluetooth and Wifi-enabled
advertising at community- wireless scale (Withings WS-
based events and social 30, Cambridge, MA)
media. - Mobile app with graphs and
weight trends
- WeeKly emails with tailored
feedback on weight data.
I-1: Self-regulation
intervention with objective
activity monitoring (n=11)
Activity tracker (Withings
Pulse, Cambridge, MA)
1-2: Self-regulation
intervention only (n=13)
- Encouraged to daily track
their activity in addition to
weighing themselves
C: Wait-listed
Follow-up: 6mo.
La Vida Activa/An RCT, 2-arm, Group (n): 42 Theory: Not Reported Physical Activity measure: 5% weight loss at 6 mo.
Active Life pilot 1(22); C (20) Duration: 6 mo. Self-administer adaption of
Greenlee 2013, Sample: Survivors; Delivery: the Kaiser Physical Activity
(26), New York 79% Latina I: Curves Weight Survey
(Diet and Physical -21% Black Management Program Dietary measure: Spanish
Activity) Stages: 0 - IIT curriculum available to the version of the Block
Mean time since diagnosis: public. Program includes a Questionnaire.
12y 30-minute exercise circuit
Mean age: 51 y and a high vegetable/low-fat/
Mean BMI: 33.2 kg/m® calories-restricted diet.
Recruitment: oncology clinics  C: Wait-listed
at academic medical center Contact: Baseline, 3mo and at
6mo.
Follow-up: 9mo and 12mo.
ALIVE, RCT, 2-arm, Group (n): 71 Theory: Social cognitive Physical Activity measure: Meet exercise
Paxton 2017 (27), Texas pilot Arm 1 (34); Arm 2 (37) theory, goal-setting theory, Physical Activity recommendations
(Diet and Physical Sample: Survivors social marketing, and Questionnaire (PAQ) Meet dietary
Activity, eHealth tools) -83% Black transtheoretical theory adapted from the Cross- recommendations
-11% Latina Duration: 3 mo. Cultural Activity
-6% Mixed race/ethnicity Delivery: Participation Study (CAPS)
Stages: 0 - TV All: Weekly emails and links ~ Questionnaire.
Mean time since diagnosis: to an individualized website  Dietary measure: 35-item
84y with behavior change NHANES questionnaire
Mean age: 52.2'y strategies tailored to their
Mean BMI: 30.8 kg/m’ specific needs and specific to
Recruitment: North Texas their track.
metropolitan area $20 incentive for completing
each assessment.
Arm 1: Physical activity
track: encouraged to meet
exercise recommendations
(=150 min of moderate to
vigorous Physical Activity per
week)
Arm 2: Dietary track
- Sub-track 1: F&V:
encouraged to meet or exceed
recommended F&V
consumption (3.5 cup svgs
of F&V)
- Sub-track 2: Fats and added
sugar: encouraged to decrease
consumption of saturated
and trans fats and
carbohydrates (<50g/day of
added sugars and <10% of
calories from saturated fats)
C: none
Contact: Weekly for 3mo.
Follow-up: none
Stepping STONE RCT, 2-arm, Group(n): 31 Theory: Theory of planned Physical Activity measure: 5% weight loss
Sheppard 2016 (28), pilot 1(15) C (16) behavior and social cognitive  International Physical
Washington, DC Sample: Survivors; theory Activity Questionnaire Short
(Diet and Physical -100% Black Duration: 3 mo. Form (IPAQ-SF)
Activity) Stages: 0-11 Delivery: Dietary measure:
Mean time since diagnosis: I: Biweekly 90-min group Intervention participants
Not Reported sessions (30 min supervised
Mean age: 54.7 y group exercise and 60 min were instructed to record
Mean BMI: I (35.2 kg/m?); C  education sessions) co-led by daily food/beverage intake.
(37.4 kg/m?) a physiologist and a
Recruitment: Two local nutritionist.
hospitals and community - 6 individual telephone
outreach in the Washington,  coaching sessions led by a
DC metropolitan area. survivor coach.
- Received a pedometer,
notebook and individualized
step goals that gradually
increased to 10,000 steps/day
for 12 wks.
C: Usual care
- NCI boolet “Facing
Forward Life after Cancer
Treatment”
Contact: Baseline and after
3mo.
Follow-up: none
MyHealth Smartphone RCT, 2-arm, Group(n): 80 Theory: Followed a Physical Activity measure: 7- | Dietary intake
Intervention pilot Arm 1 (40); Arm 2 (40) telecoaching adapted froma item International Physical | Physical activity
Buscemi 2020 (29), Sample: Survivors model of supportive Activity Questionnaire Breast cancer symptom
Chicago -100 % Latina accountability to promote Dietary measure: 23-item burden
(Diet and Physical Stages: 0-I11 optimal adherence Brief Dietary Assessment Health-related quality of
Activity, eHealth tools) Mean time since diagnosis: Duration: 6 wks Tool for Latinas life domains (breast
Other publications 1550 m Delivery: Mobile application cancer, physical,
(84) Mean age: 53.54 y on personal phone or emotional, functional
Mean BMI: Not Reported borrowed study appointed well-being)
Recruitment: Two large smartphone
academic medical centers in All: 15-20 mins telecoaching
the Chicago metropolitan calls until wk 2
area and a local community-  For wks 3-5:
based organization - If used app <=90mins,
received additional
telecoaching calls
- If used app >90 mins,
received reinforcing text
message
Arm 1: My Guide application
(health-related quality of life)
Arm 2: My Health
application for culturally
appropriate lifestyle
promotion:
C: None
Contact: Baseline and after 6
wks
Follow-up: 8 wks.
Nuestra Salud/ Our RCT, 2-arm, Group(n): 45 dyads Theory: Social Cognitive Physical Activity measure: A | Feasibility & acceptability
Health, Crane 2020 (31),  pilot 1(28); C(17) Theory Spanish-translated version of | Efficacy in dietary and
Arizona Sample: Survivors; Duration: 12 wks the Women’s Health Physical Activity
(Diet and Physical -100 % Latina Delivery: Initiative (WHI) Physical adherence
Activity, eHealth tools) Stages: Not Reported All: $25 gift card after study Activity Questionnaire. Efficacy in symptom
Mean time since diagnosis: completion. Dietary measure: A 19-item improvement
Not Reported, completed NCI Dietary Screener
primary treatment I: A 12 weekly Symptom Questionnaire
Mean age: 64.35 y Management and Lifestyle 18-item United States
Mean BMI: I (31.34 kg/m?); Intervention (SMLI) Department of Agriculture
C (27.08 kg/m?) telephone-based (20 to 30 Food Security Questionnaire
Recruitment: Latina cancer mins) coaching sessions with
survivors from the southern trained bicultural health
Arizona community, coach in either English or
oncology clinics at academic Spanish using the electronic
medical center, and a support  health and intervention
group in the Arizona, US- platform (eHIP).
Sonora, Mexico border - Printed materials from the
region. Symptom Management and
Survivorship Handbook
developed by the authors
(SMSH).
- Fitbit as a strategy for self-
monitoring.
- Specific, Measurable,
Attainable, Relevant, and
Timely (SMART) goals
composed of increasing the
number of steps per day
(daily activity); servings of
F&V or whole grains per day;
reduction of calories from
added sugars, fat, and
processed and red meat; and
reduction in alcohol
consumption.
C: Usual care
Contact: Baseline and after 12
wks.
Follow-up: none
Mobile Health, Allicock RCT, 2-arm, Group (n): 22 Theory: Social cognitive Physical Activity measure: Feasibility (i.e.,
2020 (32), Dallas, Texas | pilot 1(13)C (9) theory and control theory Behavioral Risk Factor engagement and
(Diet and Physical Sample: Survivors; Duration: 4 wks Surveillance System (BRFSS) | acceptability)
Activity, eHealth tools) -100% Black Delivery: physical activity Efficacy of CHAT in

Stages: Not Reported

Mean time since diagnosis:
Not Reported, 26 months
since completion of breast
cancer treatment

Mean age: 52.23 y

Mean BMI: I (33.26 kg/m?);
C (38.25 kg/m?)
Recruitment: Word of mouth
and flyers in Dallas, Texas
metropolitan area.

All: ActiGraph wGT3X-BT
accelerometer to use for
seven consecutive days at
baseline, 4 wks, and 8 wks
post-baseline.

$30 compensation for each of
the three study visits and
could earn up to an
additional $60 for completing
80% or more of the ecological
momentary assessments.

1: Completed three types of
ecological momentary
assessments (daily diary,
random sampling, event
sampling) through the
Creating Healthy Actions
through Technology (CHAT)
app.

- Received tailored messages
as feedback to their
responses.

C: Usual care

Contact: Baseline and after 4
wks.

Follow-up: 8 wks

questionnaire
Dietary measure: 15-item
questionnaire, The National
Health Interview Survey
2000

behavioral and health
outcomes
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Trial name, First au
location
(Type of behavior)

Diet Interventions

Feasibility

Findings

Change from baseline to
post-intervention

Change from baseline to
follow-up

Efficacy trials (n=2)

iCocinar Para Su Salud!,
Greenlee 2015 (1),

New York

Other publications (70-72)
(Diet)

Zuniga, 2018 (5), Texas
Other publications (73)
(Diet)

Physical Activity Interventions

Efficacy trials (n=2)

Dieli-Conwright 2018 (7)*,
California

Other publications

(74)

(Physical Activity)

Moadel 2007 (13), New York
(Physical Activity)

Pilot/feasibility trials (n=4)

Project VIVA! Mama 2018
(14), Texas and Puerto Rico
Other publications

(75)

(Physical Activity)

Taylor 2018 (16)°,
Washington, DC
(Physical Activity)

End-of-I:

-12 wks, 1.82/%; C 100% retention
Post-I follow-up:

3mo., 191% and C 100% retention
6mo., 1 88/% and C 86% retention
12mo., I 85% and C 80% retention

Data analysis: Excluded lost to follow-up

End-of-I: 6 mo., I 79%; C 84% retention
Post-T follow-up:

none

Data analysis: Excluded lost to follow-up

End-of-I: 4 mo., 1 96%; C 90% retention
Post-I follow-up:

3 mo., 192%; C 90% retention

Data analysis: Excluded participants lost to
follow-up

End-of-I:

12 wks, 69% retention

Post-I follow-up:

3mo., 1 78%; C 79% retention

6mo., Not Reported

Data analysis: Intention To Treat analysis,
subgroup analysis for patients not on
chemotherapy

End-of-I:

16 wks, retention not reported

Post-I follow-up:

6mo., Not Reported

Data analysis: Assessment of completers
only

End-of-I:

2mo., 60% retention

Data analysis: Assessment of completers
only

Adjusted means:

-All fruit & vegetables, svg: (1) +1.1 vs. (C)
-0.3, p=0.05

-Targeted fruit & vegetables, svg: (I) +2.0
vs. (C) +0.2, p=0.004

-Daily total caloric intake (kcal): (I) -672.9
vs. (C) -92.4, p<0.001

-% Fat of daily total energy: (I) -7.1 vs. (C)
-1.6, p=0.01

Marginal means + standard error (SE)

- Mediterranean diet score: (I) +1.6 (0.2) vs.
(©) +0.02 (0.2), p<0.001

~Spices and herbs score: (1) +1.9 (0.3) vs.

(C) +0.04 (0.2), p<0.001

- Metabolic syndrome, % of participants:
- Baseline: () 78% vs. (C) 76%, p=0.27

- Post-intervention: (I) 15% vs. (C) 80%,
p<0.004

- Overall Quality of Life: 8 = -0.09; 95%CI
=8.05,2.63

- Social well-being: § = -0.22, 95%CI =
3.78, -0.36

- Physical well-being: 8 = 0.07; 95%CI =
-1.29, 3.05

- Functional well-being & = -0.06; 95%CI =
-3.29, 1.60

- Emotional well-being: 8 = -0.07; 95%CI =
-2.33, 099

- Exercise self-efficacy: I vs C, F (1,77):
9.17, p=0.003

- Moderate physical activity: I vs. C, F
(1,76): 7.66, p=0.007

- Vigorous physical activity: I vs. C, F
(1,76): 6.47, p=0.013

- Total Physical Activity: I vs. C, F (1,76):
9.32, p=0.003

Baseline and Follow-up Mean (standard
deviation (SD))

- Sleep quality: (1)10.18 (8.74) and 7.89
(7.17) vs. (C) 7.56 (6.82) and 6.20 (7.11), p
=0.890

- Fatigue: (I) 3.48 (2.34) and 1.85 (1.61) vs.

At 6mo.

-All fruit & vegetables, svg: (1) +2.0 vs. (C)
-0.1, p= 0.005

-Targeted fruit & vegetables, svg: (I) +2.7 vs.
(C)+0.5, p=0.002

-Daily total caloric intake (kcal): (I) -562.9
vs. (C) -61.6, p<0.001

-Total fat % of daily total energy: (I) -7.5 vs.
(C) -4.4, p= not significant (ns)

At 12mo.

Al fruit & vegetables, svg: (1) +2.0 vs. (C)
-0.4, p= <0.01

-Targeted fruit & vegetables, svg: (I) +2.3 vs.
(C) -0.1, p= <0.01

-Daily total caloric intake (kcal): (I) -121.9
vs. (C) 9.3, p=ns

-Total fat % of daily total energy: (I) -2.2 vs.
(©) 21, p=ns

None

-Metabolic syndrome, participants in
exercise group only: 15%

Not Reported

Not Reported

None

Lee, 2021(17) California
(Physical Activity)
Other publications
(76,77, 79)

Soltero 2022 (22), Arizona
(Physical Activity)

Adherence to 70% of sessions (17/24)
End-of-I:

9 wk, 1100%; C 100% retention, 82.3%
mean adherence

Post-I follow-up:

None

- Data analysis: Not Reported

End-of-I:

8 wks, 100 % retention for both groups.
Post-I-follow-up: none

Data analysis: included post-intervention
data collection assessments

Combined Diet & Physical Activity Interventions

Efficacy trials (n=1)

Moving Forward,

Stolley 2017 (9), Chicago
Other publications (80-82),
(Physical Activity)

Pilot/feasibility trials (n=8)

Ferrante 2018 (23) New Jersey
Other publications

(83),

(Diet and Physical Activity,
eHealth tools)

Valle 2017 (25), North
Carolina

(Diet and Physical Activity,
eHealth tools)

End-of-I:

6 mo., 189%; C 84% retention

Post-I follow-up:

12 mo., I 86%; C 83% retention

Data analysis: Excluded participants lost to
follow-up

End-of-I:

6 mo., 97.1% retention

Post-I follow-up:

12 mo., 88.6% retention

Data analysis: Intention To Treat, excluded
2 participants from intervention group that
did not meet eligibility criteria after
randomization

End-of-I:

3 m, 943% completed both in-person/
online assessments.

Post-T follow-up:

6 m, 97.1% retention for in-person and
94.3% for online measurements.

Data analysis: Intention To Treat

(C) 2550 (2.71) and 2.10 (2.86), p = 0.750

- Depression: (1) 8.79 (4.23) and 4.78 (3.56)
vs. (C) 7.08 (5.38) and 691 (5.86), p < 0.01
- Perceived stress: (I) 6.00 (2.48) and

522 (217) vs. (C) 5.08 (3.06) and 4.45
(339), p = 0.770

- Adherence was 61% for the yoga group

- The amount of overall physical activity
was not statistically different between the
HIIT group (480.9 + 85.3 Metabolic
equivalent (MET)/week) and the control
group (441.9 +93.2 METs/week).

- Physical activity level: Increased from T1
to baseline to T2 to post-intervention when
examining both arms together but the
change was not significant (Cohen’s d=
0.07).

- Body composition: No significant changes
from T1 to baseline to T2 to post-
intervention (Cohen’s d= 0.04 and 0.36,
respectively).

- Weight loss, %: (I) 3.6 vs. (C) 1.4, p<0.001
- Moderate physical activity, mins/wk: (I)
984 vs. (C) 60.6,

p=0.298

- Vigorous physical activity, mins/wk: (I)
174 vs. (C) 24, p=0.03

- Daily energy intake, keal: (I) -563.9 vs.
(C) -262.4, p=0.004

-Fiber, g/1,000kcal: (I) 3.24 vs. (C) 0.91,
Pp<0.001

- Added sugars, tsps: (1) -6.98 vs. (C) -3.85,
p=0.035

Baseline and Follow-up (6 mo.), mean (SD)
- Sleep quality: (I)10.18 (8.74) and 7.89
(7.17) vs. (C) 7.56 (6.82) and 6.20 (7.11), p
=0.890

- Fatigue: (T) 3.48 (2.34) and 1.85 (1.61) vs.
(C) 2.50 (2.71) and 2.10 (2.86), p = 0.750

- Depression: (I) 8.79 (4.23) and 4.78 (3.56)
vs. (C) 7.08 (5.38) and 6.91 (5.86), p < 0.01
- Perceived stress: (I) 6.00 (2.48) and 5.22
(2.17) vs. (C) 5.08 (3.06) and 4.45 (3.39), p
=0.770

- Adherence was 61% for the yoga group

- % Weight change, median (interquartile
range (IQR)): (I-1) -0.94 (-4.42-0.12) vs. (I-
2) -0.22 (-4.18-1.28) vs. (C) 0.18 (-0.71-
1.73), p (I-1 vs C) = ns, p (I-2 vs C) =0.357
- Weight, kg, median (IQR): (I-1) -1.0
(-4.0-0.1) vs. (I-2) 0.2 (-3.4-1.1) vs. (C) 0.2
(-0.7-1.3), p (I-1 vs C) =0.058, p (I-2 vs. C)
=0.751

None

Not Reported

~Weight loss, %: (I) 2.6 vs. (C) 1.6, p=0.05
-Moderate physical activity: (I) 97.8 vs. (C)
77.4 p=0.596

-Vigorous physical activity: (I) 14.4 vs (C)
-3.00, p=0.014

-Daily energy intake, keal: (C) -576.0 vs. (2)
-353.9, p=0.037

~Fiber, g/1,000kcal: (I) 1.75 vs (C) 0.78,
p=0.046

-Added sugars, tsps: (I) -7.25 vs. (C) 114,
p=0.030

Not Reported

Not Reported

La Vida Activa/An Active Life
Greenlee 2013,

(26), New York

(Diet and Physical Activity)

ALIVE,

Paxton 2017 (27)¢, Texas
(Diet and Physical Activity,
eHealth tools)

Stepping STONE
Sheppard 2016 (28)°,
Washington, DC

(Diet and Physical Activity)

MyHealth Smartphone
Intervention

Buscemi 2020 (29), Chicago
(Diet and Physical Activity,
eHealth tools)

Other publications

(84)

Nuestra Salud (Our Health),
Crane 2020 (31), Arizona
(Diet and Physical Activity,
cHealth tools)

End-of-I:

6 mo., 195%; C 85% retention
Post-1 follow-up:

90.5% retention by 12 mo.

- Data analysis: Not Reported

End-of-I:

3 mo., 62% retention
Post-I follow-up:
None

Data analysis: Intention To Treat and sub
analysis among intervention completers
only

End-of-I:

3 mo., 167%; C 75% retention

Post-1 follow-up:

None

Data analysis: Excluded non-completers

End-of-I:

6 wks, My Guide (MG) 95%; My Health
(MH) 97% retention

Post-T follow-up:

8 wks, MG 95%; MH 92% retention
Data analysis: Completed cases

End-of-I:

12 wks, I 86 % retention

Post-I follow-up:

None

Data analysis: comparing cohen’s d effect
size

- Weight change (kg), mean (SD)
- 1: 2.87 (3.15); C (waitlist): -142 (2.5)
p=0.03

Physical Activity change (mean score (SE)):
- Minutes of moderate to vigorous physical
activity/wk: +97 (42), p<0.01

- Sugar in g/day: +63.9 (2.7), p=ns

- Fiber in g/day: +1.1 (1.1), p=ns

- fruit & vegetables in cup/day: +0.3 (0.2),
p=ns

- Saturated fat in g/day: -0.6 (0.8), p=ns

- Trans fat in g/day: 0.0 (0.1), p=ns

- Carbohydrates in g/day: +8.3 (6.9), p=ns
Diet track (mean score (SE)):

- Minutes of moderate to vigorous Physical
Activity/wk: +49 (40), p<0.01

- Sugar in g/day: -1.5 (2.5), p=ns

- Fiber in g/day: +2.9 (1.1), p=ns

- Fruit & Vegetables in cup/day: +0.7 (0.2),
p<0.05

- Saturated fat in g/day: -1.8 (0.8), p=ns

- Trans fat in g/day: -02 (0.1), p=ns

- Carbohydrates in g/day: +11.4 (6.6), p=ns
Effect size between tracks

- Minutes of moderate to vigorous Physical
Activity/wk: 8= 0.20, p<0.001

- Sugar in g/day: 8= 035, p=0.42

- Fiber in g/day: & = 027, p=0.35

- Fruit & vegetables in cup/day: § = 0.34,
p=0.29

- Saturated fat in g/day: & = 0.25, p=0.40

- Trans fat in g/day: § = 0.30, p=0.90

- Carbohydrates in g/day: & = 0.08, p=0.61

- Body weight change (mean Ibs.):
-1:-1.7; C: 0.4, P>0.05

Estimated marginal means (SD) at post-
intervention

Daily fat sources: MG= 2.42(0.22) vs. MH=
238 (0.21), p=ns

Interaction between MG and MH: Cohen’s
d =030, p =0.030)

Daily serving of fruit & vegetables: MG=
3.41(0.28) vs. MH= 3.53 (0.28), p=0.607
‘Weekly physical activity in MET-mins
(mean (95% CI))

-Walking: MG= 301(218, 567) vs MH= 281
(149, 529), p = ns

-Moderate physical activity: MG= 12 (7,35),
MH=7 (2.21), p = ns

~Vigorous physical activity: MG= 2 (1,7) vs.
MH=4 (1,12), p = ns

Post-intervention (Cohen’s d, effect size):
~fruit & vegetables in cup/day: d = 0.55, p =
0.22

-Sugar intake (g/day): d= 051, p = 025
~Vegetables intake in cup/day: d= 0.72, p =
0.11

- Weight change (kg), mean (SD)
-1: 1.76 (3.21);
- C (waitlist): -2.14 (3.77)

Not Reported

None

Estimated marginal means (SD) at follow up
Daily fat sources: MG= 2.36 (0.22) vs. MH=
220 (0.22), p= ns

Interaction between MG and MH: Cohen’s
d =0.47, p = 0.009)

Daily serving of Fruit & Vegetables: MG=
326 (0.28), MH= 3.59 (0.28), p= ns
Weekly physical activity in MET-mins
(mean (95% CI))

-Walking: MG= 262 (190,494) vs. MH= 203
(108, 383), p=ns

-Moderate physical activity: MG= 11 (6,32)
vs. MH= 76 (1,17), p = ns

~Vigorous physical activity: MG= 5 (3,15)
vs. MH=2 (0,6), p = ns

None

Mobile Health, Allicock 2020
(32), Dallas, Texas

(Diet and Physical Activity,
eHealth tools)

End-of-I: week 4, 1 100%; C 100% retention
Post-I follow-up: week 8, 100%; C 100%
retention

Data analysis: Included post-I-follow-up

- Mins of physical activity/week: d= 0.42, p
=0.36

- Fiber intake in g/day: d= 0.40, p = 0.36

- Global symptom distress: d= 0.17, p =
073

- Self-efficacy for symptom management
d=0.01, p = 0.99

Post-Intervention, Mean change (SD)
Fruit & vegetables servings/day:

1=0.67 (2.35) vs. C= 0.78 (248), p = ns
Fast-food consumption:

1= -15(1.98) vs. C= -1.11 (145), p = ns
Minutes/day of moderate to vigorous
physical activity

1= +0.56 (28.10) vs. C=-10.95 (9.93), p =
ns

Sedentary daily time (hours/day)
1=-437 (7.14), C=- 257 (339), p = ns

Post-intervention follow up, Mean change
(SD)

Fruit & vegetables svg:

=023 (1.88) vs. C= 0.76 (3.11), p = ns
Fast-food consumption:

1=-176 (3.11) vs. C= -0.63 (1.77), ns
Minutes/day of moderate to vigorous
physical activity

1 =-728 (15.15) vs. C = - 8.47 (8.09), p =
ns

Sedentary daily time (hours/day)
I=-362(6.24) vs. C = - 0.88 (2.65), p = ns.

1, Intervention; C, Control; mo., month; wk(s), week(s); mins, minutes; yrs, years; hrs, hours, F&V, fruits and vegetables; svg, servings; keal, kilocalories; tsp, tablespoons; , effect size; CI, confidence
interval; SD, standard deviation; ns, not significant, MET, metabolic equivalents.
*Dieli-Conwright examined change from baseline to 4 months.

Taylor examined change from baseline to 2 months.

“Paxton, and Sheppard examined change from baseline to 3 months.
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Trial name, identifier, location

Sample Characteristics

Target
Behavior

Primary Outcomes

Physical activity in reducing metabolic dysregulation (MetD) in Obese Latina Breast
Cancer Survivors.

NCT03120390

Trial Withdrawn

Southern California

Effect of Low vs Moderate-intensity Endurance Exercise on Physical Functioning
Among Breast Cancer Survivors.

NCT02982564

Puerto Rico

RCT of Strategies to Augment Physical Activity in Black and Latina Breast and
Prostate Cancer Survivors (ALLSTAR).

NCT05176756

California, Pennsylvania and New York

Reducing Metabolic Dysregulation in Obese Latina Breast Cancer Survivors Using
Physical Activity: The ROSA Trial (33).

NCT04717050

Boston

Mi Vida Saludable!/My Health Life (34)
NCT02780271

Trial completed; results not yet published
New York

Sample: 240 Latina women

Stage eligibility: newly diagnosed I-

11

Sample: 142 Puerto Rican women

Stage eligibility: 0-11T

Sample: 150 Black and Latina
women

Stage eligibility: at least 2 years from

cancer diagnosis

Sample: 160 Latina women

Stage eligibility: newly diagnosed I-

Juss

Sample: 167 Latina
Stages: 0 - 111

1, Intervention; C, Control; F&V, fruits and vegetables; svg, servings; MetD, Metabolic Dysregulation.

Physical
Activity

Physical
Activity

Physical
Activity

Physical
Activity

Diet/Physical
Activity

Change in MetD

Change in
cardiorespiratory fitness
Change in quality of life
Change in functioning
Change in depression
Change in body image

Change in daily step count

- Change in MetD: insulin
resistance

- Change in MetD: visceral
adiposity

- Change in MetD:
metabolic syndrome

Change in daily svgs of
F&V
Change in energy density
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Records excluded
(n = 1,366)

Full-text articles assessed
for eligibility
(n =70)

Full-text articles excluded (n=53)
Abstract or protocol (n=7)
Wrong patient population (n=20)
Wrong study design (n=5)

Wrong Intervention (n=5)
Secondary analysis or publications (n=16)

Published studies included
in qualitative synthesis
(n=17)

On-going trials included
(n=19)

Studies included in review (n = 22)
Dietary intervention (n = 2)
Physical Activity intervention (n = 6)
Diet and PA intervention (n = 9)
On-going trials (n = 5)
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95% Confidence Inter-
val

Odds Ratio*

P-value

Cancer Beliefs (Agree vs. Disagree)

It seems like everything causes cancer 0.72 0.68 0.75 <0001
There’s not much you can do to lower your chances of getting cancer 0.79 0.76 0.83 <.0001
There are so many different recommendations about preventing cancer, it’s hard to know which ones to follow 0.80 0.76 0.84 <.0001
Cancer is most often caused by a person’s behavior or lifestyle 0.59 0.56 0.61 <.0001
I'd rather not know my chances of getting cancer 0.85 0.81 0.89 <0001
When I think of cancer I automatically think of death 131 125 1.37 <0001
Age *
Gender *
Race-Ethnicity (Reference = Non-Hispanic White)
Hispanic 0.47 043 0.50 <0001
Non-Hispanic Black 0.68 0.63 0.72 <.0001
Other Race/Ethnicity 0.28 0.26 0.31 <.0001
Married vs Other 179 1.70 1.88 <0001
Annual Household Income (Reference = >$75,000)
$0-$34,999 0.60 0.56 0.65 <.0001
$35,000 - $74,999 0.49 045 0.53 <.0001
Insurance (Reference = Medicaid)
Employer or Union 257 240 276 <0001
Medicare 1.86 177 1.95 <.0001
Other Insurance 0.84 075 0.93 0.0014
No Insurance 0.44 041 0.48 <0001
Medical Mistrust 1.05 1.02 1.07 <0001
General Health Status (Reference = Fair/Poor)
Excellent/Very Good 1.70 1.62 1.79 <.0001
Good 142 135 1.50 <.0001

A place usually go for routine or preventive care (Reference = Yes)
No 0.67 0.63 0.72 <0001

How often feel like you do not understand your health provider because of your language (Reference = Never)®

Ever 0.85 0.81 0.89 <.0001

History of cancer (Reference = No)
Personal history of cancer 140 132 148 <.0001
Family (any) history of cancer 129 124 135 <0001

*0dds ratio for the outcome of recommended breast cancer screening: Yes, mammography < 2 years ago vs.Yes, mammography >2 years ago/Never. Model covariates include all items listed in the
table except where indicated.

“The stepwise regression model eliminated this variable.

SEver = Always/Often/Frequently/Sometimes.
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Breast Cancer Colorectal Cancer

Screening Screening
Cancer Beliefs 0dds Ratio'
EH® cH*

It seems like everything causes cancer 072 071 074 N/A
There’s not much you can do to lower your chances of getting cancer 145 077 L11 037
There are so many different recommendations about preventing cancer, it’s hard to know which ones to follow 122 1.62 047 225
When I think of cancer I automatically think of death " 1.82 1.90
Cancer is most often caused by a person’s behavior or lifestyle 0.68 6.58 0.81 042
I'd rather not know my chances of getting cancer e 0.53 091

*0dds ratio for the outcome of recommended breast cancer screening: Yes, mammography < 2 years ago vs. Yes, mammography >2 years ago/Never. Model covariates include the following: age; race/
ethnic (Hispanic, Non-Hispanic Black, and Non-Hispanic White (referent); annual household income ($0-$34,999, $35,000-$74,999, and 2875K (referent); insurance (private (employer/union),
public (Medicare and Medicaid), and Other (referent); medical mistrust; general health status (Excellent/Very Good, Good, and Fair/Poor (referent)); usual source of routine care (no vs. yes); difficulty
understanding health care provider (always/often, frequently/sometimes vs. never); every had cancer (yes vs. no) family history of cancer (any) (yes vs. no); marital status (married, others (referent)).
*Stepwise regression eliminated marital status and difficulty understanding health care provider from this model.

SStepwise regression eliminated difficulty understanding provider because of language from this model Same as Model a with no eliminations in the stepwise regression.

Same as Model a except stepwise regression eliminated marital status. Usual source of routine care was not added to this model as 95% of the analytic sample had access to care.

**This belief was excluded due to inconclusive results obtained when simultaneously entered into the model with all beliefs.
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Name Sex Age Histol. Type African
201T M 68Y LUAD U 89
HCC1195 M 47Y LUAD 19} 70 TP53, NRAS
HCC122 M 48Y LUAD U U U
NCI-H23 M 51y LUAD U 68 TP53, KRAS, STK11, ATM
NCI-H1373 M 56Y LUAD SM (30 py) 72 TP53, KRAS
NCI-H1648 M 39Y LUAD SM 69 TP53
NCI-H125* M 61y LUADSQ U U TP53
NCI-H513 M 61y LUADSQ U 84 U
HLF-a** F 54Y LUSQ U 91 U
NCI-H1385 F 49Y LUSQ SM (33 py) 69 KRAS
HCC15 M 47Y LUSQ U 77 TP53, RBI, NRAS, EP300, CTNNBI
HCC1897 M 477 LUSQ U 77 U
NCI-H64 F 48Y SCLC SM (30 py) 68 TP53
NCI-H128 M 60Y SCLC U 70 TP53
NCI-H220 M 51y SCLC NS u U
NCI-H250 M 34Y SCLC NS 91 TP53, RBI
NCI-N390 M 19Y SCLC U U U
NCI-H748 M 62Y SCLC SM (30 py) 86 TP53, BRCA2
NCI-H1048 F 53y SCLC NS 70 TP53, RBI, PIK3CA
NCI-H1339 F 49Y SCLC U 71 TP53
NCI-H1963 M 56Y SCLC | U 56 TP53, RBI
NCI-H2107 M 36Y SCLC U U TP53
NCI-H2108** M 36Y SCLC SM (26 py) U U
NCI-H835 F 48Y LUCART NS 80 U
HCC1359 F 55Y LUGCC U 86 TP53

| HCC3051 M 63Y LULCC U U U
NCI-H810 M 51y LuLCC U 82 TP53, DDR2
NCI-H292 F 32Y LUMEC U 81 NF2
EMC-BAC-1 M U NSCLC U 74 TP53, STK11
NCI-H2110 U u NSCLC NS 83 U
NCI-H2172 F U NSCLC NS 82 U

*Cell line discontinued; **Cell line reported to be contaminated; ***Duplicate cell line (H2107); Sex: M, Male; F, Female; Age: Y, Years; Subtype: LUAD, Lung adenocarcinoma; LUADSQ, Lung
adenosquamous carcinoma; LUCART, Lung carcinoid tumor; LUGCC, Lung giant cell carcinoma; LULCC, Lung large cell carcinoma; LUMEC, Lung mucoepidermoid carcinoma; LUSQ, Lung
squamous cell cancer; NSCLC, non-small cell lung cancer; SCLC, Small cell lung cancer; Smoking: NS, non-smoker; SM, Smoker; py, pack years; U, Unknown; % African: Percentage African
ancestry; U, Unknown; Mutations: known mutations are indicated; U, Unknown. Additional information can be found in Supplementary Table 1B.
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Resource Name

Web site

ATCC: The Global Bioresource Center

cBioPortal for Cancer Genomics

https://www.atcc.org/

https://www.cbioportal.org/

Expasy - Cellosaurus.

https://www.cellosaurus.org/

Wellcome Sanger Institute. Cell model
Passports. A Hub for Preclinical Cancer
Models.

https:/
cellmodelpassports.sanger.ac.uk/
passports?tissue=lung

Additional data was obtained from the literature (36, 37, 50, 60-69).
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Subgroup

No. of Patients (%)

Hazard Ratio (95% CI)

P-value
White 1044 (71.9)
Black 185 (12.7) 0.97 (0.78 - 1.20) —— 0.77
Hispanic 172 (11.8) 0.96 (0.77 -1.19) + 0.73
Asian 52 (3.6) 0.60 (0.39 - 0.94) —— 0.03

0.0

0.5

1.0

1.5

2.0






OPS/images/fonc.2022.1092355/table1.jpg
Race

White African Hispanic  Asian
American

Characteristic (N =1044) (N=185) (N=172) Before After

IPTW IPTW
Time to treatment initiation, Median 1.0 (1.0 - 2.0) | 1.0(1.0-20) 1.0 (10 - 2.0) 10(1.0- | 10(L0- 0.6 0.09 0.04
(Q1-Q3), month 2.0) 2.0)
Age group
18-64 532 (36.6) 344 (32.9) 80 (43.2) 79 (459) | 29(558) | <0.0001* 027 0.06
265 921 (63.4) 700 (67.1) 105 (56.8) 93 (54.1) | 23 (442) 0.07
Sex
Male 689 (47.4) 506 (48.5) 87 (47.0) 74 (43.0) | 22(423) 0.50 0.10 0.08
Female 764 (52.6) 538 (51.5) 98 (53.0) 98 (57.0) | 30 (57.7) 0.09
Insurance
Private 401 (27.6) 280 (26.8) 44 (23.8) 53 (30.8) | 24(462) = <0.0001* 0.10 0.06
Government 971 (66.8) 716 (68.6) 132 (713) 100 (58.1) | 23 (44.2) 021 0.07
Uninsured 81 (5.6) 48 (4.6) 9 (4.9) 19 (11.1) 5(9.6) 023 0.08
Poverty Index
0-<5 272 (18.7) 231 (22.1) 15 (8.1) 12 (7.0) 14 (269) | <0.0001* 0.40 0.06
5-9.9 352 (24.2) 292 (28.0) 22 (119) 27 (157) | 11(212) 037 0.07
10-19.9 507 (34.9) 357 (34.2) 68 (36.8) 63(36.6) | 19 (36.5) 0.05 0.06
20-100 322 (22.2) 164 (15.7) 80 (43.2) 70 (40.7) 8 (15.4) 0.54 0.03
Location
Metro 1236 (85.1) 866 (83.0) 162 (87.6) 157 (91.3) | 51(98.1) | 0.0008* 023 0.11
Non-metro 217 (14.9) 178 (17.1) 23 (12.4) 15 (8.7) 1(19) 0.10

Smoking status

Never smoked 286 (19.7) 178 (17.0) 25 (13.5) 62(360) | 21(404) = <0.0001* 043 0.08

Current/former smoker 1167 (80.3) 866 (83.0) 160 (86.5) 110 (64.0) 31 (59.6) 0.06

Stage

Localized 82 (5.6) 58 (5.6) 9 (4.9) 14 (8.1) 1(1.9) 0.17 0.06 0.06

Regional 273 (18.8) 205 (19.6) 33 (17.8) 31 (18.1) 4(7.7) 0.08 0.09

Distant 1098 (75.6) 781 (74.8) 143 (77.3) 127 (73.8) | 47 (90.4) 0.11 0.07

Histopathology

Non-squamous cell I 1184 (81.5) | 833 (79.8) 154 (83.2) | 150 (87.2) | 47 (90.4) 0.03* 0.23 7 0.05

Squamous cell 269 (18.5) 211 (20.2) 31 (16.8) 22 (12.8) 5(9.6) 0.05

Surgery

No 1373 (94.5) 982 (94.1) 174 (94.0) 165 (95.9) 52 0.24 0.08 0.07
(100.0)

Yes 80 (5.5) 62 (5.9) 11 (6.0) 7 (4.1) 0(0.0) 0.08

Radiotherapy

No 908 (62.5) 640 (61.3) 119 (64.3) 118 (68.6) 31 (59.6) 0.28 0.15 0.11

Yes 545 (37.5) 404 (38.7) 66 (35.7) 54 (31.4) 21 (40.4) 0.10

Hormone therapy*

No 1426 (98.1) 1026 (98.3) 183 (98.9) 167 (97.1) 50 (96.1) 0.08 0.05

Yes 27 (1.9) 18 (1.7) 2(11) 5(2.9) 2(39) 0.07
Chemotherapy

No 514 (35.4) 383 (36.7) 57 (30.8) 55 (32.0) 19 (36.5) 0.34 0.11 0.06
Yes 939 (64.6) 661 (63.3) 128 (69.2) 117 (68.0) 33 (63.5) 0.05

Number and percentages are reported except stated otherwise.

"Hormone therapy did not meet the Chi-square assumption that the expected value of cells in the contingency table should be 5 or greater in at least 80% of cells.
*Statistically significant at a significance level of 5%.

ASD means absolute standardized difference, the largest ASD among treated groups is reported.
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Histologically confirmed cases of NSCLC
N = 269,668

Adult cases (> 18 years) with self-identified race and ethnicity
N = 244,249

Receipt of immunotherapy as the first treatment course between 1t October
2015, and 31t December 2018

N =2,366

Final cohort
N =1,453

Age <18 years, N= 84
Clinical diagnosis only, N =25,331
Unidentified race or ethnicity, N =4

Immunotherapy not used before start
of study period, N =241,883

Missing information on relevant
variables e.g., smoking status, insurance
type, etc.,, N=913
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Subgroup No. of Patients (%) Hazard Ratio (95% CI)

P-value
White 1044 (71.9)
Black 185 (12.7) 0.84 (0.68 - 1.04) —— 0.11
Hispanic 172 (11.8) 0.98 (0.78 - 1.22) —— 0.86
Asian 52 (3.6) 0.65 (0.42 - 1.00) e 0.05

0.0 0.5 1.0 1.5 2.0
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N
Health literacy

Age

Waist
circumference

BMI

Education

Marital status

Employment
status

Born in Hong Kong

Personal income
(HKD)

Household income
(HKD)

Self-reported
health

Number of
chronic conditions

Diabetes

Liver disease

Hypertension

Hyper- lipidemia

Ischemic heart
disease

Chronic
obstructive
pulmonary disease

Stroke

Cirrhosis

Gastroesophageal
reflux disease

Other co-
morbidities

Cancer

(any type other
than breast
cancer)

Family history of
breast cancer

Level

Mean score (SD)
Mean (SD)
50-54
55-59
60-64

65+

Mean (SD)

Mean (SD)
Primary school or below
Secondary 1-3
Secondary 4-7

College/
university or above

Married/
cohabitating

Unmarried

Separated/
divorced

‘Widowed

Full-time

Part-time
Retired
Housewife
Unemployed
Self-employed
Yes

No

5,000 or below

5,001-10,000
10,001-15,000
15,001-20,000
20,001-30,000
30,001-40,000

40,000 or above

10,000 or below

10,001-20,000
20,001-30,000
30,001-40,000

40,001 or above

Excellent

Good
Fair
Poor

Very poor

Mean (SD)

Yes
No
Yes
No
Yes
No
Yes

No

Yes

Yes

Yes

No

Overall
821
29.79 (6.70)
57.96 (5.19)
265 (32.3)
260 (31.7)
183 (223)

113 (13.8)

90.46 (8.44)

25.99 (3.72)
113 (13.8)
136 (16.6)

370 (45.1)

202 (24.6)

578 (70.4)

112 (13.6)

86 (10.5)

45 (5.5)

325 (40.0)

103 (12.7)
126 (15.5)
210 (25.9)
29 (3.6)
19 (2.3)
640 (78.0)

181 (22.0)

148 (21.1)

120 (17.1)
137 (19.5)
98 (14.0)
89 (12.7)
50 (7.1)

59 (8.4)

66 (11.0)

144 (24.1)
121 (20.2)
105 (17.6)

162 (27.1)

23(2.8)

233 (28.4)
520 (63.3)
43(52)

2(0.2)

1.02 (1.14)

93 (11.3)
728 (88.7)
79 (9.6)
742 (90.4)
230 (28.0)
591 (72.0)
186 (22.7)

635 (77.3)

6(0.7)

815 (99.3)

8 (1.0)

813 (99.0)
15 (1.8)
806 (98.2)
1(0.1)

820 (99.9)

66 (8.0)

755 (92.0)

142 (17.3)

679 (82.7)

10 (1.2)

811 (98.8)

55 (6.7)

766 (93.3)

Inadequate HL
204
21.31 (3.97)
59.36 (5.42)
46 (22.5)
64 (31.4)
54 (26.5)

40 (19.6)
91.63 (8.33)

26.17 (3.60)
57 (27.9)
43 (21.1)

74 (36.3)

30 (14.7)

134 (65.7)
28 (13.7)
23 (11.3)
19 (9.3)
74 (37.2)

32 (16.1)
36 (18.1)
5 (22.6)
10 (5.0)
2 (1.0)

139 (68.1)

65 (31.9)
43 (25.1)

38 (22.2)
0 (23.4)
20 (11.7)
14 (8.2)
8 (4.7)

8 (4.7)
22 (16.4)

41 (30.6)
24 (17.9)
24 (17.9)
23 (17.2)

5(25)

38 (18.6)
142 (69.6)
18 (8.8)

1(0.5)
1.16 (1.23)

25 (12.3)
179 (87.7)
24 (11.8)
180 (88.2)
67 (32.8)
137 (67.2)
53 (26.0)

151 (74.0)
2(1.0)

202 (99.0)

1(0.5)

203 (99.5)
2(1.0)
202 (99.0)
0 (0.0)

204 (100.0)
24 (11.8)
180 (88.2)
38 (18.6)

166 (81.4)

1(0.5)

203 (99.5)
16 (7.8)

188 (92.2)

Problema
353
29.39 (1.98)
57.60 (5.12)

122 (34.6)

110 (31.2)

77 (21.8)

44 (12.5)

90.18 (8.34)

26,03 (3.84)
40 (11.3)
67 (19.0)

173 (49.0)

73 (20.7)

252 (71.4)

49 (13.9)

34 (9.6)

18 (5.1)

144 (40.8)

43 (12.2)
48 (13.6)
98 (27.8)
13 (3.7)
7 (2.0)
276 (78.2)

77 (21.8)

67 (22.0)

50 (16.4)
54 (17.7)
45 (14.8)
44 (14.4)
23 (7.5)

22(7.2)

29 (11.0)

66 (25.0)
55 (20.8)
47 (17.8)
67 (25.4)

6 (1.7)

90 (25.5)
238 (67.4)
18 (5.1)

1(0.3)

097 (1.12)

36 (10.2)
317 (89.8)
35 (9.9)
318 (90.1)
85 (24.1)
268 (75.9)
82 (232)

271 (76.8)

3(0.8)

350 (99.2)

5(1.4)

348 (98.6)
10 (2.8)
343 (97.2)
0 (0.0)

353 (100.0)

28 (7.9)

325 (92.1)

53 (15.0)

300 (85.0)

5(14)

348 (98.6)

20 (5.7)

333 (94.3)

fficient/Excellent HL
264
36.89 (3.98)
57.35 (4.90)
97 (36.7)
86 (32.6)
52 (19.7)

29 (11.0)

89.95 (8.59)

25.79 (3.65)
16 (6.1)
26 (9.8)

123 (46.6)

99 (37.5)

192 (72.7)

35(13.3)

29 (11.0)

8(3.0)

107 (41.2)

28 (10.8)
42 (16.2)
67 (25.8)
6(2.3)
10 (3.8)
225 (85.2)

39 (14.8)

38 (16.9)

32 (14.2)
43 (19.1)
33 (14.7)
31 (13.8)
19 (8.4)

29 (129)

15 (7.5)

37 (18.5)
42 (21.0)
4 (17.0)

72 (36.0)

12 (4.5)

105 (39.8)
140 (53.0)
7(27)

0(0.0)

0.97 (1.08)

2 (12.1)
232 (87.9)
20 (7.6)
244 (92.4)
78 (29.5)
186 (70.5)
51(19.3)

213 (80.7)

1(0.4)

263 (99.6)

2(0.8)

262 (99.2)
3(L1)
261 (98.9)
1(0.4)

263 (99.6)

4(53)

250 (94.7)

51(19.3)

213 (80.7)

4(1.5)

260 (98.5)

19 (7.2)

245 (92.8)

<0.001
<0.001

0.01

0.07

<0.001

<0.001

0.02

<0.01 ‘

<0.001

0.07

0.04

0.55

HL, health literacy; SD, standard deviation; N, the number of observations. The p-values indicate the level of significance of chi-squared tests on categorical/dichotomous variables, and
that of one-way ANOVA on numerical variables. Percentages (or standard deviation where specified) are in parenthesis.
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Reference level: Sufficient/Excellent HL

Type

Outcome

Perceived susceptibility

Perceived severity

Perceived benefit

Financial barrier

Logistical barriers

Emotional barriers

Knowledge barriers

Cues to action

Risk concordance

HL; health literacy. 95% confidence intervals are in parenthesis. * p < 0.05; ** p < 0.01; *** p < 0.001.
concordance whose coefficients are odds ratios estimated by simple logistic regression.

“I have a very high chance of having breast cancer”

“I will die in 1-2 years if I have breast cancer”

“Mammography can detect breast cancer that I am not aware of.”

“High price”

“Lack of time to do breast cancer screening”
“Inconvenient service time”

“Long waiting time”

“Fear of positive result”
“Embarrassment”
“Fear of pain”

“Fear of radiation”

“No need to screen because of good health”
“No recommendation from my doctor”
“Lack of knowledge on service location”

“Lack of knowledge on mammography”

“One-stop multiple cancer screening service”
“Fear of having breast cancer”

“Healthcare professional recommendation”
“Relative/friend recommendation”

“Media information”

“Free-of-charge service”

“Benefits of breast cancer screening”

Concordant breast cancer risk perception

Inadequate HL

Coefficient

-0.283*** (-0.389, -0.177)

-0.247*** (-0.346, -0.147)

0.086 (-0.010, 0.182)

-0.192** (-0.313, -0.071)

-0.149** (-0.261, -0.038)
-0.224*** (-0.334, -0.114)

-0.299*** (-0.421, -0.177)

-0.193** (-0.314, -0.073)
-0.194** (-0.314, -0.074)
-0.114 (-0.238, 0.011)

-0.136** (-0.240, -0.033)

0.027 (-0.086, 0.140)
0.078 (-0.044, 0.199)
-0.504*** (-0.625, -0.383)

-0.392*** (-0.505, -0.279)

0.040 (-0.060, 0.139)
-0.176** (-0.281, -0.071)
-0.146** (-0.241, -0.050)

-0.055 (-0.151, 0.041)

0.018 (-0.086, 0.122)

-0.051 (-0.159, 0.056)

0.013 (-0.083, 0.110)

0.409*** (0.267, 0.622)

Problematic HL

Coefficient

-0.096* (-0.189, -0.003)

-0.045 (-0.132, 0.042)

0.045 (-0.039, 0.129)

-0.055 (-0.161, 0.050)

-0.147** (-0.244, -0.050)
-0.111* (-0.207, -0.015)

-0.135* (-0.242, -0.029)

-0.139% (-0.244, -0.033)
-0.083 (-0.187, 0.022)
-0.027 (-0.135, 0.082)

0.017 (-0.073, 0.108)

0.041 (-0.057, 0.139)
0.060 (-0.046, 0.166)
-0.238*** (-0.344, -0.132)

-0.155** (-0.253, -0.056)

0.038 (-0.049, 0.125)

-0.060 (-0.151, 0.032)
0.017 (-0.066, 0.100)

0.000 (-0.084, 0.084)
0.159*** (0.068, 0.249)
0.055 (-0.039, 0.149)

0.073 (-0.011, 0.158)

0.921 (0.612, 1.379)

Simple linear regression was used to estimate the coefficients, except for risk
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Type Outcome
Perceived susceptibility

“I have a very high chance of having breast cancer”
Perceived severity

“I will die in 1-2 years if I have breast cancer”

Perceived benefit

“Mammography can detect breast cancer that I am not
aware of.”

Financial barrier
“High price”

Logistical barriers
“Lack of time to do breast cancer screening”
“Inconvenient service time”
“Long waiting time”

Emotional barriers
“Fear of positive result”
“Embarrassment”
“Fear of pain”
“Fear of radiation”

Knowledge barriers
“No need to screen because of good health”
“No recommendation from my doctor”
“Lack of knowledge on service location”
“Lack of knowledge on mammography”

Cues to action

Health literacy level

Ref: Sufficient/Excellent

Inadequate

Coef.

-0.164** (-0.285, -0.044)

-0.200*** (-0.317, -0.083)

0.048 (-0.064, 0.160)

-0.211** (-0.354, -0.069)

-0.219** (-0.351, -0.088)
-0.291%** (-0.421, -0.160)

-0.305*** (-0.447, -0.164)

-0.200** (-0.342, -0.058)
-0.225%* (-0.364, -0.086)
-0.154* (-0.298, -0.010)

-0.177** (-0.298, -0.056)

-0.017 (-0.151, 0.116)
-0.027 (-0.169, 0.115)
-0.475*** (-0.615, -0.335)

-0.360*** (-0.492, -0.228)

Problematic

-0.060 (-0.160, 0.040)

-0.033 (-0.130, 0.064)

0.023 (-0.069, 0.116)

-0.074 (-0.193, 0.044)

-0.195*** (-0.304, -0.086)
-0.136* (-0.244, -0.028)

-0.165** (-0.282, -0.048)

-0.152* (-0.269, -0.034)
-0.067 (-0.182, 0.048)
0.004 (-0.115, 0.123)

0.020 (-0.080, 0.120)

0.036 (-0.075, 0.146)
0.045 (-0.073, 0.163)
-0.206*** (-0.322, -0.090)

-0.113* (-0.222, -0.003)

Family history of breast

cancer

Coef.

-0.454*** (-0.623, -0.284)

0.061 (-0.103, 0.225)

-0.055 (-0.213, 0.102)

0.069 (-0.131, 0.269)

-0.132 (-0.317, 0.053)
-0.128 (-0.311, 0.055)

-0.144 (-0.342, 0.055)

-0.231* (-0.430, -0.032)
-0.144 (-0.338, 0.051)
-0.072 (-0.274, 0.130)

-0.099 (-0.269, 0.071)

-0.081 (-0.269, 0.106)
0.055 (-0.145, 0.254)
0.097 (-0.099, 0.294)

-0.026 (-0.211, 0.160)

“One-stop multiple cancer screening service”
“Fear of having breast cancer”

“Healthcare professional recommendation”
“Relative/friend recommendation”

“Media information”

0.053 (-0.064, 0.170)
-0.079 (-0.200, 0.041)
-0.059 (-0.172, 0.053)
0.072 (-0.042, 0.185)

0.113 (-0.010, 0.236)

0.035 (-0.062, 0.132)
-0.014 (-0.114, 0.086)
0.065 (-0.029, 0.158)
0.037 (-0.056, 0.131)

0.231%** (0.129, 0.332)

-0.036 (-0.200, 0.128)
0.051 (-0.118, 0.221)
0.151 (-0.008, 0.309)
-0.001 (-0.160, 0.158)

0.170 (-0.003, 0.343)

“Free-of-charge service”
“Benefits of breast cancer screening”
Type Outcome

Risk concordance

Concordant cancer screening risk perception

-0.088 (-0.212, 0.037)
0.017 (-0.097, 0.131)

OR

0.572* (0.341, 0.956)

0.037 (-0.066, 0.141)
0.088 (-0.006, 0.183)

OR

1.034 (0.648, 1.640)

0.056 (-0.119, 0.232)
0.049 (-0.111, 0.209)

OR

0.302*** (0.157, 0.584)

Coef; coefficients. OR; odds ratio. 95% confidence intervals are in parenthesis. #Adjusted for age, number of chronic diseases, history of other cancers, family history of breast
cancer, waist circumference, body mass index, education level, marital status, employment status, birthplace, and household income. * p < 0.05; ** p < 0.01; *** p < 0.001. Multiple
linear regression was used to estimate the coefficients, except for risk concordance whose coefficients are odds ratios estimated by logistic regression. Each row represents a
separate regression model. 120 were excluded from the model due to missing data on household income (N=120) and employment status (N=9). # Please refer to the
Supplementary Table S1 for the full results.
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val

Cancer Beliefs (Agree vs. Disagree)

It seems like everything causes cancer 1.09 1.04 115 0.0004
There’s not much you can do to lower your chances of getting cancer 073 0.70 0.77 <.0001
There are so many different recommendations about preventing cancer, it’s hard to know which ones to follow 112 1.07 118 <.0001
Cancer is most often caused by a person’s behavior or lifestyle 135 129 1.42 <.0001
Age 1.01 1.01 1.01 <0001
Race-Ethnicity (Reference = Non-Hispanic White)
Hispanic 0.74 [ 0.69 0.79 [ <0001
Non-Hispanic Black 051 0.48 0.55 <0001
Other Race/Ethnicity 129 116 1.44 <0001
Married vs Other 1.10 1.05 1.16 0.0002
Annual Household Income (Reference = >$75,000)
$0-$34,999 0.95 0.88 1.03 0.2012
$35,000 - $74,999 1.06 0.99 114 0.0971
Insurance (Reference = Medicaid)
Employer or Union 123 [ 115 1.31 <.0001
Medicare 1.58 147 1.69 <.0001
Other Insurance 1.70 143 2.02 <0001
No Insurance 0.54 0.50 0.60 <0001
Medical Mistrust 123 1.20 1.26 <0001
General Health Status (Reference = Fair/Poor)
Excellent/Very Good 1.60 1.52 1.69 <.0001
Good 125 118 1.32 <0001

A place usually go for routine or preventive care (Reference = Yes)

No 0.33 0.30 0.36 <.0001

How often feel like you do not understand your health provider because of your language (reference = Never)*

Ever

History of Cancer (Reference = No)

Personal history of cancer L10 1.04 116 0.001

Family (any) history of cancer s

*0dds ratio for the outcome of recommended breast cancer screening: Yes, mammography < 2 years ago vs. Yes, mammography >2 years ago/Never. Model covariates include all items listed in the
table except where indicated.

“Ever = Always/Often/Frequently/Sometimes.

$The stepwise regression model eliminated this variable.
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Characteristics Cancer Patients with Diabetes Cancer Patients with Diabetes

Absolute Number
%

Age
18-34 I L6 59
35-44 32 115
45-54 9.2 336
55-64 223 813
265 63.7 2,321
Gender ‘
Male 513 1,871
Female 48.7 1,773
| Race/Ethnicity \
Non-Hispanic White only 372 1,355
Non-Hispanic Black only 5.8 211
Non-Hispanic Asian only 187 681
Hispanic/Latino 319 1,164
Other 6.4 233

Healthcare Insurance Coverage ‘
Yes 87.7 3,196
BMI |

Overweight/Obese 65.0 2,370
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Overall Central Harlem Hsl?lztm EaUsFt)F;?c;e
N=147,726 N=58,901 N=54,055 N=34770
Weighted N and % N % N % N N
Age, Mean (min, max) 58 (40, 92) 56 (40, 91) 57 (40, 91) 64 (41, 92)
Gender
Female 76,609 519 31617 | 54 26369 49 18,623 54
Male 71,117 48.1 27284 | 46 | 27,686 51 16147 46
Race/Ethnicity
Hispanic 38,039 257 11,552 20 24,889 46 1,598 5
Non-Hispanic White 49,717 337 9,666 16 | 8722 16 31,329 90
Non-Hispanic Black 50,126 339 34,757 59 15144 28 225 1
Other 9,844 67 2,926 5 5301 10 1,618 5
Neighborhood
Central Harlem 58,901 39.9
East Harlem 54,055 36.6 Not applicable
Upper East Side 34,770 235
Annual Household Income
$0-$34,999 63,792 432 30624 | 52 29629 55 3,540 10
$35,000 - $74,999 25,719 174 11,107 19 10532 19 4,080 12
$75,000 or more 48,011 325 13358 | 23 10,566 20 24086 | 69
Missing 10,204 69 3,812 6 3328 6 3,064 9
Education
High School (HS) or less 44,810 303 23407 | 40 | 20846 39 557 2
vocational training or some college 28,288 19.1 12296 | 21 | 12,698 23 3,294 9
college graduate 32,571 22 11275 19 10911 20 10385 30
postgraduate 41,265 279 11,335 19 9,601 18 20329 | 58
Missing 793 05 588 1 0 0 205 1
Insurance
Employer or Union 49,050 332 19344 | 33 15721 29 13985 40
Medicaid or Other State Program/Exchange 40,161 272 18227 | 31 | 17,602 33 4332 12
Medicare 43,381 294 12548 | 21 15539 29 15294 44
Other 2959 2 2,000 3 754 1 205 1
No insurance 10413 7 6,123 10 3767 7 524 2
Missing 1,762 12 658 1 673 1 431 1
General Health Status
Excellent/Very good 69,617 47.1 27015 | 46 | 23289 43 19313 56
Good 41,881 284 17,666 | 30 16,305 30 7,909 23
Fair/Poor/Very poor 35,406 24 13805 | 23 14,053 26 7,547 22
Missing 823 06 415 1 408 1 0 0
A place usually go for routine or preventive care
Yes 130,943 88.6 50046 | 85 47,786 88 33110 95
No - there is no place I usually go for routine or preventive care 13,608 92 8,143 14 4841 9 625 2
Missing 3,176 21 712 1 1,428 3 1,035 3
How often feel like you do not understand your health provider because of your language
Always/Often//frequently/sometimes 33,935 23 17770 30 14,610 27 1,555 4
Never 108,364 734 37,788 | 64 38,117 71 32460 | 93
Missing\Don’t know\ Don’t remember 5427 37 3,343 6 1,329 2 755 2
Medical mistrust (1 = higher mistrust 5 = lower mistrust), Mean (min, max) 4(1,5) 38(1,5) 39 (1,5) 4.6 (1,5)
Overall Central Harlem Fast Upper
N=147.726 N=58,901 il Eger olde
N=54,055 N=34, 770
Weighted N and % N % N % N % N %
Personal history of cancer
Yes [ 27455 | 186 6,730 11 10,032 19 10,693 31
No 119,423 808 51,967 88 43379 80 24,077 69
Missing 848 06 204 0 644 1 0 0
Family (any) history of cancer
Yes 99,024 67 35314 60 35,602 66 28,108 81
No/Not sure 47,830 | 324 23435 40 17,733 33 6,662 19
Missing 873 06 152 0 721 1 0 0
CANCER BELIEFS
It seems like everything causes cancer
Strongly agree/Somewhat agree 76,838 52 32,696 56 32,469 60 | 11,673 34
Somewhat disagree/Strongly disagree 67,099 | 454 25050 43 19,642 36 22,407 64
Missing 3,790 26 1,155 2 1,945 4 690 2
There’s not much you can do to lower your chances of getting cancer
Strongly agree/Somewhat agree 40283 | 273 20153 34 14,897 28 5234 15
Somewhat disagree/Strongly disagree 103,505 70.1 37,041 63 37,477 69 28,986 83
Missing 3,939 27 1,707 3 1,682 3 550 2
There are so many different recommendations about preventing cancer, it’s hard to know which ones to follow
Strongly agree/Somewhat agree 96,402 | 653 | 38443 65 35614 66 | 22,345 64
Somewhat disagree/Strongly disagree 48,558 | 329 19,152 33 17,326 32 12,080 35
Missing 2,767 19 1,306 2 1,116 2 345 1
When | think of cancer | automatically think of death
Strongly agree/Somewhat agree 77425 | 524 32630 55 28,148 52 16,647 48
Somewhat disagree/Strongly disagree 67417 | 456 24999 42 24,985 46 17,433 50
Missing 2,885 2 1,272 2 922 2 690 2
Cancer is most often caused by a person’s behavior or lifestyle
Strongly agree/Somewhat agree 52,641 | 356 20,034 34 22,584 42 10,023 29
Somewhat disagree/Strongly disagree 90,506 | 613 36356 62 29,952 55 | 24,197 70
Missing 4,580 31 2,510 4 1,520 3 550 2
I'd rather not know my chances of getting cancer
Strongly agree/Somewhat agree 46,566 | 315 21,098 36 15,245 28 10,223 29
Somewhat disagree/Strongly disagree 97,540 66 36,418 62 36,920 68 | 24,202 70
Missing 3,621 25 1,385 2 1,891 3 345 1
CANCER SCREENING
Breast cancer screening among women >40 years
Yes, mammography < 2 years ago 61980 | 809 | 23752 75 21,422 81 16,807 90
Yes, mammography >2 years ago/Never 12,816 | 167 6,892 22 4,108 16 1,816 10
Missing 1,813 24 973 3 840 3 0 0
Colorectal cancer screening among men and women >50 years
Yes, blood stool screen in past year or colonoscopy in past 10 years 80,857 | 789 | 27,649 71 26,570 76 | 26,638 92
Yes ever/Never 20917 | 204 11,061 28 7,771 22 2,085 7
Missing 726 07 130 0 391 1 205 1





OPS/images/fonc.2022.1099566/table1a.jpg
Characteristics Non-Hispanic Non-Hispanic Non-Hispanic Asian Hispanic/ Other Single and Multiple
White Black American Latino Races
N = 461 N =67 N=16 N =43 N=16

Weighted % Weighted % Weighted % Weighted % Weighted %

45-54 7.7 10.3 ‘ 32 20.1 17.2
55-64 19.1 17.5 ‘ 9.0 24.5 18.1
=65 71.4 68.8 ‘ 85.1 48.0 48.0
Gender

Male 49.8 458 ‘ 443 51.9 44.0
Female 50.2 542 ‘ 557 48.1 56.9

Marital Status

Married or living with a partner 632 385 77.8 504 387

Other 36.8 615 222 49.6 61.3

Educational Attainment

Did not graduate high school 15.8 199 7.1 328 213
Graduated high school 286 253 334 26.0 183
Attended college or technical 302 332 116 36.7 43.0
school

Graduated from college or 255 217 47.8 4.5 17.5

technical school

Healthcare Insurance Coverage

Yes 98.7 97.5 100.0 93.1 83.3
BMI

Overweight 329 337 335 50.2 11.1
Obese 479 472 35.1 312 41.5
Tobacco Use

Current smoker 13.0 43 0 4.9 311

“Numbers of all race/ethnicity do not add up to the total number of patients due to missing cases.
PPercentages may not add up equal to 100% due to rounding.
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Characteristics Non-Hispanic Non-Hispanic Non-Hispanic Asian Hispanic/  Other Single and Multiple

White Black American Latino Races
N = 2,638 N = 268 N =53 N =137 N =53
Weighted % Weighted % Weighted % Weighted % Weighted %

Age
45-54 104 7.9 219 161 102
55-64 212 194 132 207 76
265 58.6 574 488 369 54.1
Gender
Male ‘ 44.4 433 204 122 331
Female 55.6 ‘ 56.7 79.6 57.8 66.9
Marital Status
Married or living with a partner 67.6 445 83.1 58.9 43.0
Other 324 | 555 169 411 57.0

Educational Attainment

Did not graduate high school 7.0 14.1 7.1 259 7.3
Graduated high school 22.6 23.0 144 229 222
Attended college or technical 26.0 334 193 316 40.7
school

Graduated from college or 44.4 29.5 59.2 19.6 30.0

technical school

Healthcare Insurance Coverage

Yes 97.7 96.8 100.0 93.0 95.1
BMI

Overweight 354 36.7 20.8 429 218
Obese 27.9 38.5 6.5 303 332
Tobacco Use

Current smoker 10.8 9.6 0 87 249

“Numbers of all race/ethnicity do not add up to the total number of patients due to missing cases.
PPercentages may not add up equal to 100% due to rounding.
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Prevalence of Diabetes among Cancer Patients
Unweighted N= 603

Adjusted OR 95% Cl
Age (Years) <0001
> 65 (Ref)
45-54 -0.87 0.42 (0.36, 0.50) <0001
55-64 -0.34 0.71 (0.63, 0.82)
Race/ethnicity <.0001

Non-Hispanic White (Ref)

Non-Hispanic Black 0.62 1.86 (1.58,2.18)
Non-Hispanic Asian American 0.82 227 (1.79, 2.89)
Hispanic/Latino 0.51 167 (1.43, 1.95)
Other 0.74 2.09 (1.46, 2.98)
Educational Attainment <.0001

Did not graduate high school (Ref)

Graduated from college or technical school -0.80 0.45 (0.37, 0.54)

Attended college or technical school -0.32 0.72 (0.61, 0.86)

Graduated high school -0.22 0.80 (0.67, 0.95)

Health Insurance Coverage 0.01
No (Ref)

Yes 1 0.34 1.40 (1.10, 1.79)

Gender 0.00
Female (Ref)

Male 0.22 1.25 (1.11, 1.40)

BMI <.0001
Normal weight (Ref)

Overweight 0.70 2.01 (1.70, 2.39)

Obese 1.36 3.89 (3.31, 4.58)

Tobacco Use 0.01

Non-smoker (Ref)
Current smoker -0.03 0.97 (0.82, 1.15)

Former smoker 0.19 1.20 (1.06, 1.36)

*Adjusted ORs were obtained after controlling for other predictor variables in the model.
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Characteristics Non-Hispanic Non-Hispanic
White Black
N = 461 N =67

Unadjusted OR Unadjusted OR
(95% Cl) (95% Cl)

Diabetes Diagnosis

Yes Ref 1.76 (151, 2.03)

“Race/ethnicity and diabetes diagnosis were included in the univariate model.

PORs were unadjusted.

Non-Hispanic Asian
American
N=16
Unadjusted OR
(95% CI)

1.21 (0.99, 1.48)

Hispanic/Latino
N =34
Unadjusted OR
(95% Cl)

1.34 (118, 1.52)

Other Single and Mul-
tiple Races
N=16
Unadjusted OR
(95% ClI)

1.36 (0.97, 1.90)

P-value

<.0001
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