

[image: image1]
Racial Disparity and Social Determinants in Receiving Timely Surgery Among Stage I–IIIA Non-small Cell Lung Cancer Patients in a U.S. Southern State












	
	BRIEF RESEARCH REPORT
published: 02 June 2021
doi: 10.3389/fpubh.2021.662876






[image: image2]

Racial Disparity and Social Determinants in Receiving Timely Surgery Among Stage I–IIIA Non-small Cell Lung Cancer Patients in a U.S. Southern State

Paige Neroda1†, Mei-Chin Hsieh2†, Xiao-Cheng Wu2, Kathleen B. Cartmell1, Rachel Mayo1, Jiande Wu3, Chindo Hicks3 and Lu Zhang1*


1Department of Public Health Sciences, Clemson University, Clemson, SC, United States

2Louisiana Tumor Registry, School of Public Health, Louisiana State University Health Sciences Center, New Orleans, LA, United States

3Department of Genetics, School of Medicine, Louisiana State University Health Sciences Center, New Orleans, LA, United States

Edited by:
Chien-Ching Li, Rush University, United States

Reviewed by:
Vu Duy Kien, Independent Researcher, Hanoi, Vietnam
 Andreia Leite, New University of Lisbon, Portugal

*Correspondence: Lu Zhang, lz3@clemson.edu

†These authors have contributed equally to this work and share first authorship

Specialty section: This article was submitted to Life-Course Epidemiology and Social Inequalities in Health, a section of the journal Frontiers in Public Health

Received: 01 February 2021
 Accepted: 11 May 2021
 Published: 02 June 2021

Citation: Neroda P, Hsieh M-C, Wu X-C, Cartmell KB, Mayo R, Wu J, Hicks C and Zhang L (2021) Racial Disparity and Social Determinants in Receiving Timely Surgery Among Stage I–IIIA Non-small Cell Lung Cancer Patients in a U.S. Southern State. Front. Public Health 9:662876. doi: 10.3389/fpubh.2021.662876



Delayed surgery is associated with worse lung cancer outcomes. Social determinants can influence health disparities. This study aimed to examine the potential racial disparity and the effects from social determinants on receipt of timely surgery among lung cancer patients in Louisiana, a southern state in the U.S. White and black stage I–IIIA non-small cell lung cancer patients diagnosed in Louisiana between 2004 and 2016, receiving surgical lobectomy or a more extensive surgery, were selected. Diagnosis-to-surgery interval >6 weeks were considered as delayed surgery. Social determinants included marital status, insurance, census tract level poverty, and census tract level urbanicity. Multivariable logistic regression and generalized multiple mediation analysis were conducted. A total of 3,616 white (78.9%) and black (21.1%) patients were identified. The median time interval from diagnosis to surgery was 27 days in whites and 42 days in blacks (P < 0.0001). About 28.7% of white and 48.4% of black patients received delayed surgery (P < 0.0001). Black patients had almost two-fold odds of receiving delayed surgery than white patients (adjusted odds ratio: 1.91; 95% confidence interval: 1.59–2.30). Social determinants explained about 26% of the racial disparity in receiving delayed surgery. Having social support, private insurance, and living in census tracts with lower poverty level were associated with improved access to timely surgery. The census tract level poverty level a stronger effect on delayed surgery in black patients than in white patients. Tailored interventions to improve the timely treatment in NSCLC patients, especially black patients, are needed in the future.
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INTRODUCTION

Lung cancer is the leading cause of cancer death in the United States (U.S.), accounting for 24% of all cancer deaths (1). In 2020, it is estimated that up to 228,820 new cases and 135,720 deaths from lung cancer occurred in the U.S (2). Non-small cell lung cancer (NSCLC) represents about 85% of all lung cancer cases (3). Survival of NSCLC patients has improved with the advancement of early detection and treatment (4). Surgical resection is the primary recommended treatment for patients with stage I-IIIA NSCLC (5). Timely care is an important indicator of the quality of care recommended by the Institute of Medicine (5). Delayed surgery is associated with tumor upstaging and worse survival (4, 6). Patients who receive surgery tend to have a longer wait time than those not receiving surgery, because of the multiple staging studies and preoperative examinations that are required (7, 8). It is of public health importance to examine the timeliness of NSCLC surgery.

Racial disparities exist in NSCLC diagnosis, treatment, and outcomes. Black patients are 16% less likely to be diagnosed at an early stage, 57% less likely to receive guideline concordant treatment, and 19% less likely to receive surgical treatment, when compared to their white counterparts. The survival rate is also lower in black patients than in white patients (9–11). From 2010 to 2015, Louisiana ranked 7th among states in the U.S. for lung cancer incidence and mortality rate (12). Blacks make up approximately 1/3 of the population in Louisiana, and have worse health status than other racial groups (10). Black residents in Louisiana have a higher lung cancer incidence (68.9 vs. 61.1 per 100,000) and poorer survival compared to black people in the U.S. on average (13, 14). Additionally, 17.9% of black NSCLC patients in Louisiana received early diagnosis while 21.4% of whites received early diagnosis (10). Thus, Louisiana NSCLC patients are the appropriate population to investigate the racial disparity in timely surgery of NSCLC.

Social determinants of health are societal factors that contribute to one's overall health or the health of the community (15). It has been argued throughout history that racial health disparities are not caused by biological difference; rather they are influenced by societal factors (16). Previous studies have found that social and economic factors influence disparities in lung cancer incidence and survival, even more than biological differences. Several social determinants, including income, insurance status, marital status, and rural residence, are associated with the receipt of standard care for NSCLC (17). This study had three objectives: (1) to investigate whether there is a racial disparity in receipt of timely surgery among stage I–IIIA NSCLC patients; (2) if the racial disparity exists, to examine whether the disparity can be explained by multiple social determinants; and 3) to explore whether the social determinants have a differential effect on timely surgery in each racial group.



METHODS


Data Source and Study Population

The Louisiana Tumor Registry (LTR) is a population-based state cancer registry and a participant of the National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program and the National Program of Cancer Registries of the Centers for Disease Control and Prevention. LTR routinely collects data on the characteristics, diagnosis, and the first course treatment of newly diagnosed cancers among Louisiana residents. This study identified white and black patients who were diagnosed with stage I-IIIA NSCLC between 2004 and 2016 from the LTR database. Only patients who received surgery of lobectomy or more extensive surgery were included. Patients who received neoadjuvant treatment, or who had unknown timing of treatment initiation were excluded.



Variables

The main exposure variable was race (white, black). The outcome variable was timely receipt of surgery. As we included stage I–IIIA patients to whom the recommended first definitive treatment was surgery, and excluded the patients who received neoadjuvant treatment and those whose timing of treatment initiation was unclear, we considered that surgery was the first treatment for the selected patients. The main guidelines for the timing of treatment initiation of NSCLC patients is to receive surgery within 6 weeks, as specified by the RAND corporation (18), within 8 weeks by the British Thoracic Society (19), and within 4–8 weeks by the American College of Chest Physicians (20). Thus, we used ≤ 6 weeks as a middle representation across these guidelines (≤ 6 weeks, >6 weeks).

Social determinants examined in this study included type of insurance (private, Medicare, Medicaid, no insurance, unknown), marital status (married, single or divorced or widowed or other, unknown), census tract level population under the federal poverty level (<10%, 10–19.9%, ≥20%), and census tract level urbanicity (urban, rural). Census tract level urbanicity was determined based on the Census Bureau's identification of urban and rural areas. Other covariates included age at diagnosis (<54, 55–64, 65–74, ≥75), sex, tumor histology (adenocarcinoma, other), tumor size (<3 cm, 3–7 cm, >7 cm), American Joint Committee on Cancer (AJCC) stage (I, II, IIIA), grade (well-differentiated, moderately differentiated, poorly differentiated/undifferentiated, unknown), lymph node involvement status (negative, positive), surgery type (resection of lob, resection extended), and comorbidity (Charlson Comorbidity Index score of 0, 1, 2+) (21).



Statistical Analysis

We used Chi-square test to compare the categorical variables. Students' t-test and Wilcoxon-Mann-Whitney test were applied to compare the mean and median time interval between tumor diagnosis and surgical resection by race. We applied three logistic regression models to examine the racial difference in receiving timely surgery. In Model 1, we employed a crude model to examine the racial disparity for delayed surgery. In Model 2, we controlled for clinical factors, including age, sex, comorbidity, histology type, tumor size, AJCC stage, tumor grade, lymph node involvement status, and surgery type, to examine whether the adjusted odds ratio (OR) of delayed surgery remained significant for race. As a final step, social determinants were adjusted in Model 3 to examine whether the racial disparity could be explained. To examine the effect of social determinants on delayed surgery in each racial group, a stratified analysis was conducted among white and black patients. These analyses were performed using SAS 9.4 (SAS Institute Inc.), and statistical tests of significance were based on a 2-sided test with significance levels of 0.05.

To examine the percentage of racial differences in receiving timely surgery which was explained by the social determinants, we conducted general multiple mediation analysis (MMA) to evaluate the mediating effects. MMA evaluates the mediating effects under the counterfactual framework, which can report joint mediation effects through multiple selected mediators simultaneously, considering the correlation among these mediators (22). As shown in the conceptual diagram in Figure 1, race was treated as exposure variable and timely surgery as outcome variable. Demographic characteristics (age, sex) were deemed as potential confounders. Clinical factors (comorbidity, tumor histology, size, stage, grade, lymph node involvement, and surgery type) and social determinants (marital status, insurance, census tract poverty level, and census tract urbanicity) were considered as groups of mediators in the pathway between race and timely surgery. The total effect of race on timely surgery was the sum of the direct effect from race and the indirect effect through each group of mediators (total effect = direct effect + indirect effect) (22). The percentage of the total effect explained by each group of mediators was calculated as the ratio of the indirect effect divided by the total effect. We used R version 4.0.0 with mma package to conduct the mediation analysis. The 95% confidence interval was obtained by bootstrap with 500 repetitions.
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FIGURE 1. Conceptual diagram of racial disparity in receiving timely surgery for non-small cell lung cancer patients.





RESULTS

A total of 3,616 patients, including 2,854 (78.9%) white and 762 (21.1%) black patients were included in our study (Table 1). White patients were more likely to be older than 65 years, married, have stage I or lymph node negative disease, while black patients were more likely to be covered by Medicaid, live in a census tract with higher urbanicity and poverty level. For both racial groups, over half of patients were male, without comorbid conditions, diagnosed with adenocarcinoma and <3 cm tumors, or receiving lobectomy. The median time interval from diagnosis to surgery was 27 days for whites and 42 days for blacks (P < 0.0001). About 28.7% of white patients and 48.4% of black patients received surgery after 6 weeks from diagnosis (P < 0.0001).


Table 1. Characteristics of Louisiana stage I–IIIA non-small cell lung cancer patients by race, 2004–2016, n (%).
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Compared to white patients, the OR of receiving surgery more than 6 weeks after diagnosis for black patients was 2.33 (95% confidence interval [CI]: 2.00-2.74) in the crude model, which decreased to 2.19 (95% CI: 1.84–2.60) after controlling demographic and tumor characteristics. With additional adjustment of social determinants, the OR remained significant at 1.91 (95% CI: 1.59–2.30) (Table 2). Being unmarried (OR: 1.27, 95% CI: 1.08–1.48), having Medicare or other public insurance (OR:1.20, 95% CI: 1.01–1.44), having Medicaid insurance (OR:1.67, 95% CI: 1.31–2.14), no insurance (OR:3.03, 95% CI: 1.98–4.65), and living in high poverty level area (OR 1.43, 95% CI: 1.08–1.48) were associated with a significantly higher likelihood of delayed surgery. After stratification by race, living in a high poverty census tract was significantly associated with delayed surgery in both racial groups, but with a higher OR in blacks (OR: 1.91, 95% CI: 1.09–3.35) than in whites (OR: 1.37, 95% CI: 1.10–1.71) (Table 3). Among white patients, the OR of receiving surgery more than 6 weeks after diagnosis was significant for those with Medicare coverage (OR: 2.11, 95% CI: 1.56–2.85) and no insurance coverage (OR: 4.15, 95% CI: 2.46–7.04), compared to those with private insurance coverage. Among black patients, those with Medicaid coverage had a significantly higher risk of delayed surgery (OR: 1.48, 95% CI: 1.01-2.16) (Table 3).


Table 2. Odds ratio (95% confidence interval) of receiving surgery 6 weeks or later after diagnosis for non-small cell lung cancer patients.
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Table 3. Adjusted odds ratios (95% confidence interval) of receiving surgery 6 weeks or later after non-small cell lung cancer diagnosis, stratified by race.
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From the mediation analysis, the total effect of race on timely surgery was 0.905 (95% CI; 0.735–1.091), the direct effect was 0.652 (95% CI: 0.470–0.854), and the indirect effect through clinical factors and social determinants were 0.009 (95% CI: −0.013–0.028), and 0.235 (95% CI: 0.151–0.321). The percentage of racial disparities transmitted through social determinants was 25.97%.



DISCUSSION

With population-based data collected by the state cancer registry, we found that black stage I-IIIA NSCLC patients had almost two-fold odds of receiving delayed surgery, compared to their white counterparts. Multiple social determinants, including insurance, marital status, and poverty level in the census tract, were significant predictors of delayed surgery, but these factors did not fully explain the racial disparity in delayed NSCLC surgery in a U.S. southern state.

Our findings of a higher risk of delayed surgery among black patients are consistent with a few studies using nationwide databases. However, the magnitude of the racial disparity was more profound in Louisiana than in U.S. on average. One recent study using 2008–2013 National Cancer Data Base (NCDB) reported a median time from diagnosis to surgical resection of 26 days for whites and 31 days for blacks (p < 0.0001) (9). White patients in Louisiana had a similar median wait time for surgery compared to white patients in the U.S. (27 days vs. 26 days), but black patients in Louisiana experienced a 30% longer wait time compared to black patients in the U.S. (42 days vs. 31 days). The larger difference in diagnosis-to-surgery interval between black and white patients in Louisiana is also reflected in the higher OR found in our study. One study using SEER-Medicare data reported that black NSCLC patients had 1.18 times the odds of receiving delayed treatment compared to white patients (23). Another study using NCDB data reported an adjusted OR of 1.48 of delayed surgery in blacks than in whites. In Louisiana, black patients had 1.92 times the odds of having delay in NSCLC surgery compared to white patients, after adjusting for clinical factors and social determinants.

We examined the impact from several social determinants on timely surgery and whether the examined social determinants could explain the observed racial disparity. Unsurprisingly, private insurance was a significant predictor of the receipt of timely surgery or guideline-concordant care in lung cancer patients (17). Medicaid insured patients tended to experience the largest delay in receiving treatment (17). In a national study, compared to NSCLC patients with private insurance, the diagnosis-to-surgery interval was 2.3 days longer for Medicare patients, 10.8 days longer for Medicaid patients, and 7.8 days for longer for patients who were uninsured or whose insurance status was unknown (9). Another study found that patients covered by both Medicare and Medicaid were less likely to receive timely surgical treatment than patients with only Medicare (23). Insurance was also a significant predictor of delayed surgery in our study, however, we additionally found different effects of insurance coverage on timely treatment in two racial groups. Among white patients, Medicaid covered patients had two times the odds and patients without insurance had four times the odds of having delayed surgery compared to their privately insured counterparts. Compared to black patients with private insurance, the odds of receiving surgery more than 6 weeks after diagnosis was 1.5 times for the Medicare group, but no significant differences were observed for those with Medicaid or those without insurance. The small sample size of black patients may be a reason for a lack of finding significant ORs. However, the point estimates of the ORs in these two groups were also lower in black patients than in white patients. Another possible reason is the availability of charity hospitals in Louisiana, which provide medical services to uninsured residents. As the majority of patients receiving care through charity hospitals are black, the black uninsured patients may have had more healthcare access benefits through the charity hospitals than white uninsured patients. This could be a possible explanation of the insignificant odds ratios of receiving delayed surgery for black Medicaid covered or uninsured patients compared to black privately insured patients (in contrast with the highly significant odds ratios observed in white patients). The adoption of public policies, such as the Affordable Care Act (ACA) can improve access to high quality healthcare for marginalized populations receiving disparate care. Previous studies have shown that cancer survivors in Medicaid expansion states were more likely to be insured, to have access to care, and to be diagnosed at an early stage of disease than those in non-expansion states (17, 24). Louisiana was one of the states with earliest initiation of ACA expansion in the country (23).

Our findings indicate that those who are single, widowed or divorced are more likely to receive delayed surgical treatment for NSCLC. Being married or living with a partner is an indication of social support. Social support has been found to be a protective factor for the prevention and maintenance of many diseases (25). Previous studies reported that being married is a predictor of receiving standard care and better outcomes (26–28), while experiencing social isolation or loneliness has a negative influence on lung cancer patients (29). In our study, being married showed a similar protective effect for receiving timely surgery in both white and black patients, while the insignificance of the OR among black patients may be due to the smaller sample size of black patients in our study.

Our study revealed that living in census tracts with a higher proportion of the population living above the national poverty level was associated with higher risk of receiving delayed surgery, and the relationship showed a dose-response effect. This finding is consistent with previous research that evaluated both individual level household income and census-tract level income (9, 30). Even among Medicare covered NSCLC patients who have equal health care access, income level is positively associated with timely treatment (23). After stratification by race, we found that the impact from income was even stronger among black patients, while the strength of the association among white patients was similar to findings from national data (23). Although urban residence was associated with lower lung cancer incidence and better outcomes (31, 32), similar to another study (23), living in urban census tracts was not a significant predictor of timely surgery in our study.

Unsurprisingly, social determinants of health are important contributing factors of racial disparities in cancer prognosis and outcomes (33–35). It has also been found that social determinants account for racial disparities in receiving guideline-recommended curative treatment for NSCLC, breast, and prostate cancer, specifically with insurance status, geographical access, and SES factors having been identified as contributors (36–39). Although black NSCLC patients are less likely to receive guideline concordant surgical treatment than whites, the literature on the role of social determinants in the receipt of timely cancer was limited (27, 40, 41). Black women are less likely on average to receive hormone therapy, chemotherapy, radiotherapy and surgical treatment for breast cancer in a timely manner as compared to white women (42). Additionally, both high and low-risk black prostate cancer patients experienced longer wait times from diagnosis to definitive treatment compared to white patients (43). One study reported that the differences in social determinants explained about 26% of racial disparities, while in our study, the majority of the racial disparity was not explained by the measured mediators. The remaining unexplained racial disparity indicates that there are other social-cultural differences between the two racial groups that influence the timeliness of surgical receipt for NSCLC. One limitation of our study is the lack of information on patients' perceptions and attitudes toward cancer treatment. Black patients may be reluctant to seek care due to stigma, distrust in physicians, and negative perceptions about surgery. Previous research indicates that black, at-risk NSCLC patients commonly seek a second opinion or are skeptical of information provided to them by a physician with whom they had no previous relationship with (44). Black patients also tend to have negative perceptions about surgical treatment, and believe it to be riskier than radiation or chemotherapy treatment (45). Future research could examine whether these risk factors can explain racial disparity in timely NSCLC surgery and design tailored intervention to improve the timely treatment in both racial groups. Another limitation of this study is that we did not have data on several individual-level social determinants, such as household income, education, and employment. Lower educational level is associated with decreased odds of having surgery and poorer survival rates (32). Population-based administrative data or cancer registry data usually do not have information on such individual-level variables. Surveys or additional medical record data extraction are needed to address this gap. Despite these limitations, our study is the first to investigate the impact of social determinants of health on receipt of timely NSCLC surgical treatment by race. Our findings can provide important evidence for future intervention.

In summary, while timely surgery is an important predictor of the prognosis of curable NSCLC, we found a significant racial disparity among Louisiana patients. Black patients had almost twice the odds of receiving delayed surgery than white patients, after adjusting for demographic, clinical, and social factors. Having social support, private insurance, and living in census tracts with higher income level was associated with improved access to timely surgery, but these factors explained only about 26% of the observed racial disparity. Majority of racial disparity remained unexplained. As the state of Louisiana has high proportion of black population and high lung cancer incidence, the findings from this study provide evidence for tailored interventions to improve timely treatment. Black patients living in census tracts with a higher poverty level should be particularly targeted, as they experienced a higher risk of delayed surgery. Future studies are needed to examine the effects of other individual level social determinants to decipher the racial disparity in NSCLC timely treatment.



DATA AVAILABILITY STATEMENT

The data analyzed in this study is subject to the following licenses/restrictions: The de-identified dataset can be requested through the Louisiana Tumor Registry. Requests to access these datasets should be directed to mhsieh@lsuhsc.edu.



AUTHOR CONTRIBUTIONS

M-CH and X-CW provided data. M-CH and LZ ran the analyses. PN and LZ wrote the first draft of the paper, which was reviewed by all authors. All authors conceptualized, initiated the study and provided advice.



FUNDING

This study was funded by Clemson University internal funding, National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) program HHSN261201800007I/HHSN26100002 and the National Program of Cancer Registries of the Centers for Disease Control and Prevention 1 NU58DP006332/5 NU58DP006332.



REFERENCES

 1. Prevention CfDCa. An Update on Cancer Deaths in the United States. In: US Department of Health and Human Services CfDCaP, Division of Cancer Prevention and Control, editor. Atlanta, GA: Prevention CfDCa (2020).

 2. American Cancer Society Cancer Action Network. Cancer Disparities: A Chartbook. Atlanta, GA: American Cancer Society (2018).

 3. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2019. CA Cancer J Clin. (2019) 69:7–34. doi: 10.3322/caac.21551

 4. Samson P, Patel A, Garrett T, Crabtree T, Kreisel D, Krupnick AS, et al. Effects of delayed surgical resection on short-term and long-term outcomes in clinical stage I non-small cell lung cancer. Ann Thorac Surg. (2015) 99:1906–13. doi: 10.1016/j.athoracsur.2015.02.022

 5. National Comprehensive Cancer Network. NCCN Guidelines Version 3: Non-small Cell Lung Cancer (2020). Available online at: https://www.nccn.org/professionals/physician_gls/pdf/nscl.pdf (accessed February 24, 2020).

 6. Everitt S PNHerschtal A, et al. The impact of time between staging PET/CT and definitive chemo-radiation on target volumes and survival in patients with non-small cell lung cancer. Radiother Oncol. (2013) 106:288–91. doi: 10.1016/j.radonc.2013.02.010

 7. Nadpara P MS, Tworek C. Guideline-concordant timely lung cancer care and prognosis among elderly patients in the United States: a population-based study. Cancer Epidemiol. (2015) 39:1136–44. doi: 10.1016/j.canep.2015.06.005

 8. Maiga AW, Deppen SA, Pinkerman R, Callaway-Lane C, Massion PP, Dittus RS, et al. Timeliness of care and lung cancer tumor-stage progression: how long can we wait? Ann Thorac Surg. (2017) 104:1791–7. doi: 10.1016/j.athoracsur.2017.06.051

 9. Holmes JA, Chen RC. Racial disparities in time from diagnosis to treatment for stage i non-small cell lung cancer. JNCI Cancer Spectrum. (2018) 2:pky007. doi: 10.1093/jncics/pky007

 10. Louisiana Department of Health. 2019 Louisiana Health Report Card. New Orleans, LA: Louisiana Department of Health (2019).

 11. Farjah F, Wood DE, Yanez ND 3rd, Vaughan TL, Symons RG, Krishnadasan B, et al. Racial disparities among patients with lung cancer who were recommended operative therapy. Arch Surg. (2009) 144:14–8. doi: 10.1001/archsurg.2008.519

 12. Louisiana Tumor Registry. Louisiana Cancer Facts & Figures, Lung and Bronchus Cancer. New Orleans, LA: Louisiana Tumor Registry (2017).

 13. Giancola M, Williams D, Kaufman R. Louisiana Comprehensice Cancer Control Plan, 2017–2021. New Orleans, LA: Louisiana Cancer Prevention and Control Programs (2016).

 14. American Cancer Society. Cancer Facts & Figures. (2020). Atlanta, GA: American Cancer Society (2020).

 15. Braveman P, Gottlieb L. The social determinants of health: it's time to consider the causes of the causes. Public Health Rep. (2014) 129 (Suppl 2):19–31. doi: 10.1177/00333549141291S206

 16. Williams DR, Sternthal M. Understanding racial-ethnic disparities in health: sociological contributions. J Health Soc Behav. (2010) 51 (Suppl):S15–27. doi: 10.1177/0022146510383838

 17. Toubat O, Atay SM, Kim AW, Ding L, Farias AJ, Ebner PJ, et al. Disparities in guideline-concordant treatment for pathologic N1 non-small cell lung cancer. Ann Thorac Surg. (2020) 109:1512–20. doi: 10.1016/j.athoracsur.2019.11.059

 18. Asch S KE, Hamilton E, Reifel J, Mcglynn EA. Monograph Reports. Santa Monica, CA: RAND Corporation (2000).

 19. Society LCWPotBT. Thorax. (1998) 53:S1–8. doi: 10.1136/thx.53.2008.S1

 20. Baker A. Crossing the Quality Chasm: A New Health System for the 21st Century. BMJ. (2001) 323:1192. doi: 10.1136/bmj.323.7322.1192

 21. Quan HSV, Halfon P, Fong A, Burnand B, Luthi JC, Saunders LD, et al. Coding algorithms for defining comorbidities in ICD-9-CM and ICD-10 administrative data. Med Care. (2005) 43:1130–9. doi: 10.1097/01.mlr.0000182534.19832.83

 22. Yu QLB. mma: An R package for meditation analysis with multiple mediators. J Open Res Softw. (2017) 5:11. doi: 10.5334/jors.160

 23. Shugarman LR, Mack K, Sorbero MES, Tian H, Jain AK, Ashwood JS, et al. Race and sex differences in the receipt of timely and appropriate lung cancer treatment. Med Care. (2009) 47:774–81. doi: 10.1097/MLR.0b013e3181a393fe

 24. Chu QD, Hsieh M-C, Yi Y, Gibbs JF, Lyons JM III, Wu X-C. Positive impact of the patient protection and affordabale care act medicaid expansion on Louisana women with breast cancer. Cancer. (2020):27:1–12.

 25. Reblin M, Uchino BN. Social and emotional support and its implication for health. Curr Opin Psychiatry. (2008) 21:201–5. doi: 10.1097/YCO.0b013e3282f3ad89

 26. Hua X, Ward KC, Gillespie TW, Lipscomb J, Goodman M. Non-small cell lung cancer treatment receipt and survival among african-americans and whites in a rural area. J Community Health. (2014) 39:696–705. doi: 10.1007/s10900-013-9813-7

 27. Bach PB, Cramer LD, Warren JL, Begg CB. Racial differences in the treatment of early-stage lung cancer. N Engl J Med. (1999) 341:1198–205. doi: 10.1056/NEJM199910143411606

 28. Ellis L, Canchola AJ, Spiegel D, Ladabaum U, Haile R, Gomez SL. Racial and ethnic disparities in cancer survival: the contribution of tumor, sociodemographic, institutional, and neighborhood characteristics. J Clin Oncol. (2018) 36:25–33. doi: 10.1200/JCO.2017.74.2049

 29. Takemura T, Kataoka Y, Okazaki K, Sakurai A, Imakita T, Ikegaki S, et al. Influence of social determinants of health on patients with advanced lung cancer: a prospective cohort study. BMJ Open. (2018) 8:e023152-e. doi: 10.1136/bmjopen-2018-023152

 30. Nilssen Y, Strand T-E, Fjellbirkeland L, Bartnes K, Brustugun OT, O'Connell DL, et al. Lung cancer treatment is influenced by income, education, age and place of residence in a country with universal health coverage. Int J Cancer. (2016) 138:1350–60. doi: 10.1002/ijc.29875

 31. Singh GK, Williams SD, Siahpush M, Mulhollen A. Socioeconomic, rural-urban, and racial inequalities in US cancer mortality: part I—all cancers and lung cancer and part II—colorectal, prostate, breast, and cervical cancers. J Cancer Epidemiol. (2011) 2011:107497. doi: 10.1155/2011/107497

 32. Johnson AM, Hines RB, Johnson JA, Bayakly AR. Treatment and survival disparities in lung cancer: the effect of social environment and place of residence. Lung Cancer. (2014) 83:401–7. doi: 10.1016/j.lungcan.2014.01.008

 33. Gerend MA, Pai M. Social determinants of Black-White disparities in breast cancer mortality: a review. Cancer Epidemiol Biomarkers Prev. (2008) 17:2913–23. doi: 10.1158/1055-9965.EPI-07-0633

 34. Vick AD, Hery DN, Markowiak SF, Brunicardi FC. Closing the disparity in pancreatic cancer outcomes: a closer look at nonmodifiable factors and their potential use in treatment. Pancreas. (2019) 48:242–9. doi: 10.1097/MPA.0000000000001238

 35. Warner ET, Tamimi RM, Hughes ME, Ottesen RA, Wong YN, Edge SB, et al. Racial and ethnic differences in breast cancer survival: mediating effect of tumor characteristics and sociodemographic and treatment factors. J Clin Oncol. (2015) 33:2254–61. doi: 10.1200/JCO.2014.57.1349

 36. Freedman RA, Virgo KS, He Y, Pavluck AL, Winer EP, Ward EM, et al. The association of race/ethnicity, insurance status, and socioeconomic factors with breast cancer care. Cancer. (2011) 117:180–9. doi: 10.1002/cncr.25542

 37. Lin JJ, Mhango G, Wall MM, Lurslurchachai L, Bond KT, Nelson JE, et al. Cultural factors associated with racial disparities in lung cancer care. Ann Am Thorac Soc. (2014) 11:489–95. doi: 10.1513/AnnalsATS.201402-055OC

 38. Pan HY, Walker GV, Grant SR, Allen PK, Jiang J, Guadagnolo BA, et al. Insurance status and racial disparities in cancer-specific mortality in the united states: a population-based analysis. Cancer Epidemiol Biomarkers Prev. (2017) 26:869–75. doi: 10.1158/1055-9965.EPI-16-0976

 39. Walker GV, Grant SR, Guadagnolo BA, Hoffman KE, Smith BD, Koshy M, et al. Disparities in stage at diagnosis, treatment, and survival in nonelderly adult patients with cancer according to insurance status. J Clin Oncol. (2014) 32:3118–25. doi: 10.1200/JCO.2014.55.6258

 40. Esnaola NF, Gebregziabher M, Knott K, Finney C, Silvestri GA, Reed CE, et al. Underuse of surgical resection for localized, non-small cell lung cancer among whites and African Americans in South Carolina. Ann Thorac Surg. (2008) 86:220–7. doi: 10.1016/j.athoracsur.2008.02.072

 41. Fry WA, Menck HR, Winchester DP. The national cancer data base report on lung cancer. Cancer. (1996) 77:1947–55.

 42. Babatunde OA, Eberth JM, Felder TM, Moran R, Hughes-Halbert C, Truman S, et al. Racial disparities and diagnosis-to-treatment time among patients diagnosed with breast cancer in South Carolina. J Racial Ethn Health Disparities. (2021). doi: 10.1007/s40615-020-00935-z. [Epub ahead of print].

 43. Stokes WA, Hendrix LH, Royce TJ, Allen IM, Godley PA, Wang AZ, et al. Racial differences in time from prostate cancer diagnosis to treatment initiation: a population-based study. Cancer. (2013) 119:2486–93. doi: 10.1002/cncr.27975

 44. Lathan CS, Waldman LT, Browning E, Gagne J, Emmons K. Perspectives of African Americans on lung cancer: a qualitative analysis. Oncologist. (2015) 20:393–9. doi: 10.1634/theoncologist.2014-0399

 45. Margolis ML, Christie JD, Silvestri GA, Kaiser L, Santiago S, Hansen-Flaschen J. Racial differences pertaining to a belief about lung cancer surgery: results of a multicenter survey. Ann Intern Med. (2003) 139:558–63. doi: 10.7326/0003-4819-139-7-200310070-00007

Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.

Copyright © 2021 Neroda, Hsieh, Wu, Cartmell, Mayo, Wu, Hicks and Zhang. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.



OPS/images/fpubh-09-662876-t002.jpg
Model 1* Model 2t Model 3°

Race
White 1 1 1

Black 2.33(2.00,2.74) 2.19(1.84,2.60) 1.91(1.59,2.30)
Age, %

<54 1 1

55-64 1.24(0.98,1.58) 1.40(1.09, 1.80)
65-74 1.14(0.90,1.43 1.27(0.98, 1.64)
75+ 134 (1.03,1.74)  1.48(1.11,1.97)
Sex, %

Female 1 1

Male 099(0.86,1.16) 0.93(0.80, 1.08)
Tumor histology, %

Adenocarcinoma 1 1
Non-adenocarcinoma 1.06(0.90,1.23) 1.02 (087, 1.20)
Tumor size, %

<8em 1 1
3-7cm 1.27(1.09,1.49)  1.27 (1.08, 1.49)
>7em 090(0.62,1.29) 093 (0.64, 1.34)
AJCC stage, %

Stage | 1 1

Stage Il 1.16(0.89, 1.51) 1.09(0.84, 1.42)
Stage IIA 1.46(1.03,2.10)  1.43(0.99, 2.05)
Lymph node involvement, %

Negative 1 1
Positive 090 (0.67,1.20) 093 (0.69, 1.25)
Grade, %

Well-differentiated 1 1
Moderately 1.02(0.80,1.31) 097 (0.76, 1.25)
differentiated

Poorly/undifferentiated 1.49(1.10,2.10) 1.08 (0.84, 1.40)
Surgery type, %

Resection of lobe 1 1
Resection extended 087 (0.69,1.10) 085 (0.67, 1.08)
Charlson comorbidity index, %

0 1 1

1 1.15(0.98,1.36) 1.11(0.94, 1.31)
2+ 1.89(1.14,1.70) 1.32(1.08, 1.62)
Marital status, %

Married 1
Single/divorced/widowed/other 1.27 (1.08, 1.48)
Unknown 0,67 (0.41,1.09)
Insurance, %

Private 1
Medicare/other public 1.20(1.01, 1.44)
Medicaid 1.67 (131, 2.14)
No insurance 3.04 (1.98, 4.65)
Unknown 0.66(0.34, 1.20)
Census tract poverty, %

<10% 1
10-19.9% 1.17(0.96, 1.43)
>20% 1.43(1.17,1.76)
Census tract urbanicity, %

Urban 1

Rural 1.02 (086, 1.21)

“Crude model; TAdjusted age at diagnosis, sex, merital status, histology, tumor
size, AJCC stage, tumor grade, lymph node involvement status, surgery type, and
comorbidty. YAditionelly adjusted for insurance, marital status, census tract level poverty
and urbanicity.





OPS/images/fpubh-09-662876-t003.jpg
Age
<54

55-64

65-74

75+

Sex

Female

Male

Tumor histology
Adenocarcinoma
Non-adenocarcinoma
AJCC Stage

Stage |

Stage I

Stage A

Tumor size

<8om

3-7em

>7cm

Lymph node involvement
Negative

Positive

Grade
Well-differentiated
Moderately differentiated
Poorly/undifferentiated
Surgery type

Resection of lobe
Resection extended
Comorbidity index

0

1

2+

Marital status

Married
Single/divorced/widowed/other
Insurance

Private

Medicare/other public
Medicaid

No insurance

Unknown

Census tract poverty
<10%

10-19.9%

220%

Census tract urbanicity
Urban

Rural

White

1
1.43 (1.05, 1.94)
1.22 (090, 1.66)
164 (1.17,2.28)

1
0.99 (0.8, 1.18)

;
112 (0.94,1.34)

5
1.16(0.85,1.59)
1.43(0.93,2.19)

|
1.26 (1.05,1.52)
0.96 (063, 1.47)

4
0.96 (0.68, 1.35)

,
0.99(0.74,1.33)
1.10 (080, 1.47)

4
0.90 0,68, 1.18)

p
1.11(091,1.34)
133 (1.05,1.70)

i
1.26 (1.05,1.52)

|
1.123 (092, 1.38)
213 (1.57,2.88)
410 (2.42, 6.95)
0.67 (0.31,1.44)

.
1.14 (092, 1.40)
1,87 (1.10,1.72)

4
097 081, 1.17)

Black

1
1.26 (081, 1.96)
1.39 (087, 2.21)
0.92(0.49, 1.70)

1
0.76 (0.55, 1.05)

1
0.74(0.53,1.03)

1
0.90(0.53, 1.03)
1.36 (069, 2.71)

1
1.30(0.98, 1.81)
0.80(0.39, 1.66)

1
0.82(0.47, 1.44)

1
0.84(0.50, 1.40)
0.98(0.57, 1.66)

1
0.72(0.44,1.17)

1
1.13(0.80, 1.61)
1.29(0.86,1.94)

1
1.21(0.87,1.68)

1
1.47 (1.01,2.15)
1.16(0.75, 1.79)
1.65(0.75, 3.21)
0.74(0.28, 1.94)

1
1.49 (0.80, 2.75)
1.90 (1.08, 3.34)

1
1.33(0.87,2.02)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Racial Disparity and Social Determinants in Receiving Timely Surgery Among Stage I–IIIA Non-small Cell Lung Cancer Patients in a U.S. Southern State



		Introduction



		Methods



		Data Source and Study Population



		Variables



		Statistical Analysis







		Results



		Discussion



		Data Availability Statement



		Author Contributions



		Funding



		References

















OPS/images/cover.jpg
, frontiers
in Public Health

Racial Disparity and Social
Determinants in Receiving Timely
Surgery Among Stage I-IIIA
Non-small Cell Lung Cancer Patients
in a U.S. Southern State





OPS/images/fpubh-09-662876-g001.gif
Demographic characteristics: age, sex

Race ely surgery

Clinical characteristics: comorbidity,
tmer histology. size, stage. grade. lymph
node involvemnent, surgery type

Social determinants: marital status,
insurance, census tract poverty level,
consus teact urbanicity






OPS/images/fpubh-09-662876-t001.jpg
N
Demographic factors
Age

<54

55-64

65-74

75+

Sex

Female

Male

Clinical factors

Tumor histology
Adenocarcinoma
Non-adenocarcinoma
Tumor size

<3em

3-7em

>7em

AJCC stage

Stage |

Stage I

Stage lIA

Lymph node involvement
Negative

Positive

Grade

Well-diferentiated
Moderately diferentiated
Poorly/undifferentiated
Unknown

Surgery type

Resection of lobe

Resection extended
Comorbidity score

0

1

2+

Social determinants
Marital status

Married
Single/divorced/widowed/other
Unknown

Insurance

Private

Medicare/other public
Medicaid

Noinsurance

Unknown

Census tract level poverty
<10%

10-19.9%

220%

Census tract level urbanicity
Urban

Rural

Time interval from diagnosis to surgery, mean (std)
Time interval from diagnosis to surgery, median (Q1-QB)
Receiving surgery >6 weeks from diagnosis

Total

3,616

496 (13.7)
980 (27.1)
1463 (40.5)
677 (18.7)

1,913 (62.9)
1,703 (47.1)

2,186 (60.5)
1,430 (39.5)

2,149 (69.4)
1,289 (35.6)
178 (4.9)

2,447 (67.7)
750 (20.7)
419 (11.6)

2,758 (76.3)
858 (23.7)

420 (11.6)

1,467 (40.6)

1,449 (40.1)
280 (7.7)

3,200 (88.5)
416(115)

2,000 (55.3)
1,053 (29.1)
563 (15.6)

2,111 (68.4)
1,395 (38.6)
110(3.0)

1,347 (37.3)
1,682 (46.5)
409 (11.3)
104 (2.9)
742.0)

902 (24.9)
1,407 (38.9)
1,807 (36.2)

2,597 (71.8)
1,019 (28.2)
408 (44.8)
29 (6-50)
329

White

2,854 (78.9)

353 (12.4)
722 (25.9)
1176 (412)
603 (21.1)

1,501 (652.6)
1,353 (47.4)

1,706 (69.7)
1,149 (40.3)

1,702 (59.6)
1,014 (35.5)
138 (4.9)

1,964 (68.8)
568 (19.9)
302 (11.9)

2,202 (77.2)
652 (22.9)

335 (11.7)

1,170 (41.0)

1,129 (39.6)
220 (7.7)

2529 (88.6)
325 (11.4)

1,587 (65.6)
844 (20.6)
423 (14.8)

1,798 (63.0)
968 (33.9)
88(3.1)

1,100 (38.5)
1,390 (48.7)
245 ©.6)
67 (2.4)
52(1.8)

830 (29.4)
1,225 (42.9)
790 (27.7)

1,953 (68.4)
901 (31.6)
32.7(35.6)
27 (3-46)
287

AJCC, American Joint Committee on Cancer; std, standard deviation; Q1, the first quartile; Q3, the third quartile.

Black

762 (21.1)

143 (18.8)

258 (33.9)

287 (37.7)
749.7)

412(54.1)
350 (45.9)

481 (63.1)
281(36.9)

447 (58.7)
275 (36.1)
40(5.3)

483 (63.4)
182 (23.9)
o7 (12.7)

556 (73.0)
206 (27.0)

85(11.2)

297 (39.0)

320 (42.0)
60(7.9)

671 (88.1)
91(11.9)

413 (54.2)
200 (27.4)
140 (18.4)

313 (41.1)
427 (66.0)
22(2.9)

247 (32.4)

292 (38.9)

164 (21.5)
37(4.9)
22(29)

63(8.9)
182 (23.9)
517 (67.9)

644.(84.5)
118(15.5)
47.143.0)
42 (14-70)
484

P-value

<0.0001

0.47

0.09

0.84

0.02

0.02

0.64

0.67

0.05

<0.0001

<0.0001

<0.0001

<0.0001

<0.0001
<.0001
<0.0001









OPS/images/crossmark.jpg
©

2

i

|





OPS/images/logo.jpg
’ frontiers
in Public Health





