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Racial disparities in staging, treatment, and mortality in non-small 
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Francesca C. Duncan1^, Nawar Al Nasrallah1^, Lauren Nephew2^, Yan Han3, Andrew Killion4, Hao Liu5, 
Ahmad Al-Hader6, Catherine R. Sears1,7^

1Division of Pulmonary, Critical Care, Sleep and Occupational Medicine, Indiana University School of Medicine, Indianapolis, IN, USA; 2Division 

of Gastroenterology and Hepatology, Indiana University School of Medicine, Indianapolis, IN, USA; 3Department of Biostatistics and Health Data 

Science, Indiana University School of Medicine, Indianapolis, IN, USA; 4Indiana Clinical and Translational Science Institute, Indiana University 

School of Medicine, Indianapolis, IN, USA; 5Department of Biostatistics and Epidemiology, Rutgers Cancer Institute of New Jersey, Rutgers School 

of Public Health, New Brunswick, NJ, USA; 6Division of Hematology and Oncology, Indiana University School of Medicine, Indianapolis, IN, USA; 
7Division of Pulmonary Medicine, Richard L. Roudebush Veterans Affairs Medical Center, Indianapolis, IN, USA
Contributions: (I) Conception and design: FC Duncan, N Al Nasrallah, L Nephew, CR Sears; (II) Administrative support: FC Duncan, CR Sears; (III) 

Provision of study materials or patients: A Al-Hader; (IV) Collection and assembly of data: FC Duncan, A Al-Hader, A Killion; (V) Data analysis and 

interpretation: Y Han, A Killion, H Liu; (VI) Manuscript writing: All authors; (VII) Final approval of manuscript: All authors.

Correspondence to: Catherine R. Sears, MD. Division of Pulmonary, Critical Care, Sleep and Occupational Medicine, Indiana University School of 

Medicine, 980 W. Walnut St., Room C400, Indianapolis, IN 46202, USA; Division of Pulmonary Medicine, Richard L. Roudebush Veterans Affairs 

Medical Center, Indianapolis, IN, USA. Email: crufatto@iu.edu.

Background: Black race is associated with advanced stage at diagnosis and increased mortality in non-small 
cell lung cancer (NSCLC). Most studies focus on race alone, without accounting for social determinants of 
health (SDOH). We explored the hypothesis that racial disparities in stage at diagnosis and outcomes are 
associated with SDOH and influence treatment decisions by patients and providers. 
Methods: Patients with NSCLC newly diagnosed at Indiana University Simon Comprehensive Cancer 
Center (IUSCCC) from January 1, 2000 to May 31, 2015 were studied. Multivariable regression analyses 
were conducted to examine the impact of SDOH (race, gender, insurance status, and marital status) on 
diagnosis stage, time to treatment, receipt of and reasons for not receiving guideline concordant treatment, 
and 5-year overall survival (OS) based on Kaplan-Meier curves. 
Results: A total of 3,349 subjects were included in the study, 12.2% of Black race. Those diagnosed with 
advanced-stage NSCLC had a significantly higher odds of being male, uninsured, and Black. Five-year OS 
was lower in those of Black race, male, single, uninsured, Medicare/Medicaid insurance, and advanced stage. 
Adjusted for multiple variables, individuals with Medicare, Medicare/Medicaid, uninsured, widowed, and 
advanced stage at diagnosis, were associated with significantly lower OS time. Black, single, widowed, and 
uninsured individuals were less likely to receive stage appropriate treatment for advanced disease. Those 
uninsured [odds ratio (OR): 3.876, P<0.001], Medicaid insurance (OR: 3.039, P=0.0017), and of Black race 
(OR: 1.779, P=0.0377) were less likely to receive curative-intent surgery for early-stage NSCLC because it 
was not a recommended treatment. 
Conclusions: We found racial, gender, and socioeconomic disparities in NSCLC diagnosis stage, receipt 
of stage-appropriate treatment, and reasons for guideline discordance in receipt of curative intent surgery 
for early-stage NSCLC. While insurance type and marital status were associated with worse OS, race alone 
was not. This suggests racial differences in outcomes may not be associated with race alone, but rather worse 
SDOH disproportionately affecting Black individuals. Efforts to understand advanced diagnosis and reasons 
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Introduction

Background

Lung cancer is the leading cause of cancer mortality in 
the United States (U.S.), comprising 21% of all cancer  
deaths (1). While lung cancer deaths continue to decline 
due to advances in early detection through lung cancer 
screening and improved treatments for advanced disease 
(2,3), Black individuals and those from low socioeconomic 
groups continue to be disproportionately affected with 
higher incidence and mortality rates compared to White 
individuals (1,4). In the U.S., mortality is substantially 
higher for Black men compared to the national average (54 
vs. 44.5 deaths per 100,000 cases), and even higher in the 
state of Indiana, which has some of the highest mortality 

rates for Black men in the country (1). The ability to 
access cancer screening and treatment is greatly influenced 
by social determinants of health (SDOH) (4-6). The 
SDOH are the non-medical factors that influence health 
outcomes. They include the conditions and environments 
where people live, learn, work and play, but also their race, 
ethnicity, and social support (7).

Rationale and knowledge gap

Outcomes in non-small cell lung cancer (NSCLC), like 
other cancers, have been previously shown to be affected 
by SDOH. For instance, insurance status is a SDOH that 
has been linked to disparities in lung cancer diagnosis 
and outcomes. In the U.S., Medicaid is a type of public 
insurance funded jointly by individual states and the 
federal government and provides health coverage to nearly  
85 million Americans, including low income adults, 
elderly adults, and people with disabilities (8). Medicare, 
another public health insurance, funds Americans aged 
65 and older, certain younger people with disabilities, and 
those with end-stage renal disease requiring dialysis or 
transplant. Differences in oncologic outcomes have been 
suggested in those with Medicaid, Medicare and both public  
insurances (9). For instance, in a study using the National 
Cancer Database, Namburi et al. showed that patients 
insured by Medicaid and from low-income areas were less 
likely to receive curative surgery and had worse long-term 
overall survival (OS) (5). 

Standard therapy for clinical stage I NSCLC is 
lobectomy with sampling or dissection of mediastinal lymph 
nodes (10). During the past decade, stereotactic ablative 
radiotherapy, also called SBRT, has become an option for 
inoperable and some operable clinical stage I NSCLC, 
although surgery remains the standard of care (11,12).

In single center studies of patients with stage I NSCLC, 
failure to undergo surgical resection was associated with 
low income, nonwhite race, education less than high 
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school, rural residence, and being uninsured or insured 
by Medicaid (13,14). Notably, these studies either were 
limited to early-stage NSCLC or did not assess how these 
SDOH-influenced providers’ decisions to offer guideline-
concordant treatment, or how the SDOH may be associated 
with patients’ decisions regarding agreeing to recommended 
treatment. These studies were also unable to control for 
cigarette smoking status, an important mitigator of racial 
disparities in NSCLC (15,16).

Objective

Understanding the impact of SDOH on stage at diagnosis 
and mortality is necessary if targeted screening and cancer 
control efforts are to be developed. Therefore, the aims 
of this study were to explore the impact of the SDOH on 
NSCLC stage at diagnosis, receipt of stage appropriate 
treatment, reasons for not receiving stage appropriate 
treatment, timing of treatment onset, and 5-year OS. We 
hypothesized that observed racial disparities in stage at 
diagnosis may be mediated by SDOH other than race, and 
that the SDOH may influence patients’ shared decision-
making regarding treatment and impact treatment decisions 
among providers; thereby affecting outcomes. We present 
this article in accordance with the STROBE reporting 
checklist (available at https://tlcr.amegroups.com/article/
view/10.21037/tlcr-23-407/rc).

Methods

Patient population 

This study was conducted at Indiana University Melvin 
and Bren Simon Comprehensive Cancer Center, Indiana’s 
only National Cancer Institute designated comprehensive 
cancer center, located in the Midwest region of the U.S. 
It was approved by Indiana University School of Medicine 
Institutional Review Board (IRB# 16613) using data from 
the Indiana University Simon Comprehensive Cancer 
Center Registry (IUSCCC). The study was conducted in 
accordance with the Declaration of Helsinki (as revised in 
2013). Individual consent for this retrospective analysis was 
waived. The registry is comprised of patients with NSCLC 
diagnosed and treated at Indiana University Melvin and 
Bren Simon Comprehensive Cancer Center, an urban 
Midwest academic medical center. The cohort included 
all individuals over the age of 18, with newly diagnosed 
NSCLC between January 1, 2000 and May 31, 2015. 

Individuals with non-lung primary cancers metastasized 
to the lung, and those diagnosed and treated at sites other 
than IUH were excluded from this study. We did not 
include those diagnosed after 2015 because 5-year OS 
would have been confounded by the coronavirus disease 
2019 (COVID-19) pandemic. In particular, studies showed 
a decline in patients undergoing cancer treatment during 
the COVID-19 pandemic (17-19). Further, those diagnosed 
with NSCLC were more likely to be diagnosed at a later 
stage during the COVID-19 pandemic compared to pre-
COVID-19 (20,21).

Exposures

SDOH
Variables of interest included race, gender, marital status, 
and insurance type. Race, insurance status, marital status, 
and gender were considered as social constructs for this 
analysis (22), which may be associated with a patient’s ability 
to access care and thus their overall cancer mortality. Patient 
race was defined according to Surveillance, Epidemiology, 
and End Results (SEER)’s race variable and categorized 
into Black and White. Those categorized as Other (2%), 
included Asian or Pacific Islander, and were excluded from 
the study due to small sample size. Ethnicity was classified 
as Hispanic and non-Hispanic and was used inclusively 
with race, as non-Hispanic ethnicity made up only 0.25% 
and 0.58% of Black and White race, respectively. Due to 
the small number of those identified as Hispanic ethnicity, 
we did not assess the association of ethnicity and outcomes 
of interest. Gender was self-reported and classified as 
male or female. Insurance type is a robust measure of both 
individual income and health care access (23). Insurance 
status was grouped into five categories: Medicaid only, 
Medicare only, Medicare and Medicaid, Self-pay/uninsured, 
and private. Those with both Medicare/Medicaid were 
analyzed separately based on studies suggesting this group 
has some of the worst OS rates (24-26). Private insurance 
was used as the reference for comparative analyses. Marital 
status was self-reported and classified as divorced or 
separated, married, single, and widowed. Those labeled 
“unknown” indicate the classification in the dataset at the 
time of initial data collection. To account for missing data, 
the total number (“n”) is reflected in the tables for each 
category of interest.

Covariates
Other covariates captured from the IUSCCC included: age 
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at diagnosis and cigarette smoking status at diagnosis. Age 
at diagnosis was grouped into four categories: less than 40, 
40–49, 50–64, and 65 years and older. Cigarette smoking 
status was categorized as currently smokes, formerly 
smoked, and never used. 

The American Joint Committee on Cancer (AJCC) 
staging edition at the time of diagnosis (editions 5, 6, 
or 7) were used for NSCLC staging (27-29). For some 
therapeutic evaluations, staging was grouped into two 
categories: early (stage I or II) and advanced (stage III or 
IV). Tumor grade was classified as well-differentiated, 
moderately  di f ferentiated,  poorly di f ferentiated, 
undifferentiated, and unknown. Treatment type was 
grouped into three categories: surgery only, radiation 
only, and systemic therapy. Systemic therapy included 
chemotherapy, immunotherapy, or a combination of the 
two. Stage appropriate treatment was defined based on 
practice guidelines for NSCLC as determined by the 
American Society of Clinical Oncology (17). Early-stage 
disease standard of care treatment was defined as curative 
intent surgery. Receipt of radiation therapy (stereotactic 
body radiation therapy) was also investigated, as it is 
a potential alternative treatment for some early-stage 
NSCLC patients. Thus, we investigated the association of 
SDOH and the receipt of curative intent surgery and/or any 
radiation for early-stage disease. Advanced disease standard 
of care was defined as chemotherapy, immunotherapy, or a 
combination of both, with and without radiation. 

Outcome measures
Our primary outcomes were: (I) NSCLC stage at diagnosis 
and (II) receipt of stage appropriate treatment while 
controlling for the SDOH. Secondary outcomes were (I) 
time from diagnosis to treatment; (II) 5-year OS; and (III) 
reasons for the lack of receipt of guideline concordant 
therapy for early-stage disease, controlling for SDOH. 
Reasons for failure to receive curative intent surgery were 
categorized as: (I) cancer directed surgery not performed 
because it was not a planned part of treatment; (II) cancer 
directed surgery not recommended as it was contraindicated 
due to other condition; (III) cancer directed surgery 
recommended but patient or guardian refused; and (IV) 
cancer directed surgery recommended, but not performed 
for unknown reason as it was not reported. 

Statistical analysis

Categorical variables were summarized by frequency and 

percentage, while continuous variables were summarized 
by mean and standard deviation. The comparisons between 
(I) Black and White race; (II) early and advanced-stage; 
and (III) different insurance types were made by using Chi-
square test or Fisher’s exact test for categorical variables 
and analysis of variance (ANOVA) or nonparametric 
Kruskal-Wallis test for continuous variables. For the 
primary outcomes of stage at diagnosis and receipt of 
stage appropriate treatment, logistic regression models 
were used to evaluate the association between the SDOH 
and the outcomes. Univariable logistic regression models 
were performed and independent variables with P values 
<0.25 were selected for inclusion in the multivariable 
models. To study whether race was associated with the 
primary and secondary outcomes, race was always included 
in the multivariable models, so that the association was 
adjusted for other potential confounders. For the secondary 
outcomes of time from diagnosis to treatment onset and 
5-year OS, Kaplan-Meier curves were plotted. The log-rank 
test was used to compare the time from diagnosis to the first 
treatment and 5-year OS between the SDOH variables race, 
gender, marital status, and insurance status, respectively. OS 
was defined as the time from the date of diagnosis to the 
date of death due to any reason. When the date of death was 
not known, the patient’s OS was considered censored at the 
date of last contact. For the secondary outcome identifying 
reasons for the lack of receipt of curative intent surgery for 
early-stage NSCLC, multinomial logistic regression models 
were used to evaluate the association between the SDOH 
and reasons given for deviation from guideline concordant 
treatment. Univariable multinomial logistic regression 
models were first performed and covariates with P values 
<0.25 were selected for inclusion in the multivariable 
models. Race was always included in these multivariable 
models. Cox proportional hazards regression model was 
used to analyze the association between the SDOH and 
OS. Covariates were included in the multivariable Cox 
proportional hazards regression model if the P value 
was <0.25 in the univariable analysis. All analyses were 
performed using SAS v9.4 (Cary, NC, USA). P value less 
than 0.05 in the final regression model was considered 
statistically significant.

Results

Demographic and clinical characteristics

Of the 3,349 subjects with newly diagnosed NSCLC, 
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12.2% (n=408) of the cohort was of Black race and 0.5% of 
Hispanic ethnicity. Most subjects were 65 years old or older 
at the time of diagnosis. Black individuals were diagnosed at 
a younger age compared to White individuals (P=0.0003). 
Compared to White individuals, Black individuals were 
more likely to currently smoke cigarettes at the time of 
diagnosis (P=0.0041) and made up a greater percentage of 
those uninsured compared to White individuals (16.42% 
vs. 6.53%, respectively; P<0.0001). Black individuals also 
made up the greater majority of those with Medicaid 
insurance (15.93%) compared to White individuals (6.70%) 
(P<0.0001). Most White individuals (61.10%) in the cohort 
were married compared to only 29.56% of Black individuals 
(P<0.0001) (Table 1). 

SDOH and stage at diagnosis 

In the overall cohort, 59.24% of individuals were diagnosed 
with advanced-stage disease (Table 1). When exploring 
stage by the SDOH (gender, insurance, marital status, 
and race), 63.09% of men were diagnosed with advanced-
stage NSCLC compared to 54.97% women (P<0.0001). Of 
those uninsured, 78.24% were diagnosed with advanced-
stage NSCLC compared to 63.93% of those who were 
privately insured (P<0.0001). A greater percentage of single 
individuals were diagnosed with advanced-stage NSCLC 
compared to those who were married (69.64% vs. 58.09%, 
P<0.0001). Finally, 76.82% of Black individuals were 
diagnosed with advanced disease compared to 56.63% of 
White individuals (P<0.0001) (Table S1).

On univariable analysis, gender, current cigarette 
smoking status, insurance status, marital status, age, and 
race were all significantly associated with advanced stage at 
diagnosis (Table S2). On multivariable analysis male gender 
[odds ratio (OR): 1.460, 95% confidence interval (CI): 
1.183–1.801, P=0.0004], uninsured status (OR: 1.710, 95% 
CI: 1.119–2.612, P=0.0131), and Black race (OR: 2.392, 
95% CI: 1.653–3.461, P<0.0001) remained significantly 
associated with advanced stage at diagnosis after adjusting 
other covariates. Current smoking status tended to be 
associated with advanced stage at diagnosis, but this 
difference was not statistically significant (Table 2). 

SDOH and receipt of curative intent surgery for early-
stage NSCLC

In this cohort, 65.31% of individuals with early-stage 
disease received stage-appropriate curative intent surgery 

(Table S3). When explored by race, a smaller proportion 
of individuals of Black race received curative intent surgery 
for early-stage NSCLC compared to those of White race 
(P=0.0145). When considering SDOH (gender, insurance, 
marital status, age, and race) a greater percentage of those 
who received curative intent surgery had private insurance 
(38.48%) compared to individuals who were uninsured 
status (2.98%) or Medicaid insured (6.10%, P<0.0001). A 
greater percentage of those who received curative intent 
surgery for early-stage disease were married (64.17%), 
compared to single (9.13%) or widowed (8.99%) (P<0.0001) 
(Table S3). 

On univariable analysis, insurance status, marital status, 
age, and race were associated with the failure to receive 
curative intent surgery in early-stage disease (Table S4). 
On multivariable analysis, those who were uninsured had a 
significantly lower odds of receiving curative intent surgery 
than those with private insurance (OR: 0.211, 95% CI: 
0.105–0.425, P<0.0001). Those with Medicaid only (OR: 
0.332, 95% CI: 0.172–0.639, P=0.0010) and Medicare 
only (OR: 0.661, 95% CI: 0.443–0.987, P=0.0432) also 
had a significantly lower odds of receiving curative intent 
surgery than those with private insurance. Widowed 
individuals had a significantly lower odds of receiving 
curative intent surgery for early-stage disease compared 
to married individuals (OR: 0.621, 95% CI: 0.418–0.923, 
P=0.0185). Adjusting for covariables, Black individuals had a 
significantly lower odds of receiving curative intent surgery 
for early-stage NSCLC compared to White individuals (OR: 
0.562, 95% CI: 0.337–0.938, P=0.0274) (Table 3).

SDOH and reasons for failure to receive curative intent 
surgery for early-stage NSCLC

Among those diagnosed with early-stage NSCLC, 34.69% 
did not receive curative intent surgery (Table S3). To 
further identify root causes for disparate surgical treatment 
in early-stage NSCLC observed in the uninsured, Medicaid 
only, Medicare, widowed, and Black individuals, we 
explored the documented reason that surgery was not 
performed. When reasons were explored by insurance, 
multivariable analysis showed that those who had Medicaid 
only insurance (OR: 3.039, 95% CI: 1.516–6.092) and those 
uninsured (OR: 3.876, 95% CI: 1.808–8.311) had greater 
odds of not receiving curative intent surgery due to it “not 
being a planned part of treatment” compared to those 
with private insurance. Individuals with Medicare only had 
greater odds of not receiving curative intent surgery because 

https://cdn.amegroups.cn/static/public/TLCR-23-407-Supplementary.pdf
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Table 1 Demographic and clinical characteristics of a cohort with newly diagnosed NSCLC at Indiana University Simon Comprehensive Cancer 
Center among Black and White individuals, 2000–2016

Variables Overall Black race White race P value

Age at diagnosis (years)† 0.0003*

<40 89 (2.66) 10 (2.45) 79 (2.69)

40–49 320 (9.56) 58 (14.22) 262 (8.91)

50–64 1,308 (39.06) 175 (42.89) 1,133 (38.52)

≥65 1,632 (48.73) 165 (40.44) 1,467 (49.88)

Gender† 0.4268

Male 1,728 (51.60) 203 (49.75) 1,525 (51.85)

Female 1,621 (48.40) 205 (50.25) 1,416 (48.15)

Ethnicity‡ 0.5069

Hispanic 18 (0.54) 1 (0.25) 17 (0.58)

Non-Hispanic 3,282 (98.06) 403 (98.77) 2,879 (97.96)

Unknown 47 (1.40) 4 (0.98) 43 (1.46)

AJCC stage at diagnosis§ <0.0001*

Early stage (stages I & II)

Stage I 822 (24.54) 54 (15.08) 768 (31.81)

Stage II 308 (9.20) 29 (8.10) 279 (11.56)

Total 1,130 (40.76) 83 (23.18) 1,047 (43.37)

Advanced stage (stages III & IV)

Stage III 708 (21.14) 117 (32.68) 591 (24.48)

Stages IV 934 (27.89) 158 (44.13) 776 (32.15)

Total 1,642 (59.24) 275 (76.82) 1,367 (56.63)

Tumor grade† <0.0001*

Well differentiated 178 (5.32) 12 (2.94) 166 (5.64)

Moderately differentiated 478 (14.27) 29 (7.11) 449 (15.27)

Poorly differentiated 798 (23.83) 100 (24.51) 698 (23.73)

Undifferentiated/anaplastic 51 (1.52) 3 (0.74) 48 (1.63)

Unknown 1,844 (55.06) 264 (64.71) 1,580 (53.72)

Cigarette use at time of diagnosis¶ 0.0041*

Currently smoked 854 (44.83) 118 (53.64) 736 (43.68)

Formerly smoked 639 (33.54) 53 (24.09) 586 (34.78)

Never used 412 (21.63) 49 (22.27) 363 (21.54)

Table 1 (continued)
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Table 1 (continued)

Variables Overall Black race White race P value

Insurance† <0.0001*

Medicaid 262 (7.82) 65 (15.93) 197 (6.70)

Medicare 1,521 (45.42) 128 (31.37) 1,393 (47.36)

Medicare/Medicaid 141 (4.21) 45 (11.03) 96 (3.26)

Private 1,166 (34.82) 103 (25.25) 1,063 (36.14)

Uninsured, self-pay 259 (7.73) 67 (16.42) 192 (6.53)

Marital status at diagnosis& <0.0001*

Divorced or separated 343 (10.27) 64 (15.76) 279 (9.51)

Married 1,912 (57.26) 120 (29.56) 1,792 (61.10)

Single 394 (11.80) 105 (25.86) 289 (9.85)

Unknown 353 (10.57) 72 (17.73) 281 (9.58)

Widowed 337 (10.09) 45 (11.08) 292 (9.96)

Treatment†

Surgery <0.0001*

No 2,139 (63.87) 334 (81.86) 1,805 (61.37)

Yes 1,210 (36.13) 74 (18.14) 1,136 (38.63)

Radiation <0.0001*

No 1,840 (54.94) 119 (29.17) 1,721 (58.52)

Yes 1,509 (45.06) 289 (70.83) 1,220 (41.48)

Systemic therapy 0.2291

No 1,869 (55.81) 239 (58.58) 1,630 (55.42)

Yes 1,480 (44.19) 169 (41.42) 1,311 (44.58)

Survival status† 0.0009*

Alive 920 (27.47) 84 (20.59) 836 (28.43)

Dead 2,429 (72.53) 324 (79.41) 2,105 (71.57)

Data are presented as n (%). †, overall n=3,349, Black race n=408 (12.18%), White race n=2,941 (87.82%); ‡, overall n=3,347, Black race 
n=408 (12.19%)], White race n=2,939 (87.81%); §, overall n=2,772, Black race n=358 (12.91%), White race n=2,414 (87.09%); ¶, overall 
n=1,905, Black race n=220 (11.55%), White race n=1,685 (88.45%); &, overall n=3,339, Black race n=406 (12.16%), White race n=2,933 
(87.84%). *, P value <0.05. NSCLC, non-small cell lung cancer.

of “contraindications due to other conditions” (OR: 2.606, 
95% CI: 1.003–6.768) (Table 4). 

Reasons that surgery was not performed for early-
stage disease were explored by marital status as well. 
Multivariable analysis showed that, compared to married 
individuals, those who were widowed or single had greater 
odds of not receiving a recommended curative intent 
surgery due to “refusal by a patient or guardian” (OR: 4.711, 

95% CI: 1.174–18.908 and OR: 5.697, 95% CI: 1.187–
27.346, respectively). Compared to married individuals, 
those who were divorced had greater odds of not receiving 
curative intent surgery because it was not recommended 
due to a “contraindication based on other conditions” (OR: 
2.293, 95% CI: 1.045–5.033) (Table 4). Black race compared 
to White race, was associated with greater odds of not 
receiving curative intent surgery for early-stage disease due 
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Table 2 Association of social determinants of health with advanced stage in patients with newly diagnosed NSCLC (multivariable logistic 
regression analysis)

Covariates OR 95% CI for OR P value

Gender 0.0004*

Male 1.460 1.183–1.801 0.0004*

Female Reference – –

Cigarette use at time of diagnosis 0.1109

Currently smoked 1.189 0.898–1.575 0.2262

Formerly smoked 0.926 0.695–1.235 0.6025

Never used Reference – –

Insurance 0.0177*

Medicaid 1.149 0.691–1.910 0.5921

Medicare 0.807 0.607–1.072 0.1392

Medicare/Medicaid 1.071 0.539–2.125 0.8454

Uninsured 1.710 1.119–2.612 0.0131*

Private Reference – –

Marital status at diagnosis 0.1375

Divorced or separated 0.857 0.616–1.192 0.3586

Single 1.332 0.941–1.886 0.1062

Unknown 1.476 0.831–2.622 0.1843

Widowed 0.866 0.616–1.216 0.4062

Married Reference – –

Age at diagnosis (years) 0.974 0.962–0.987 <0.0001*

Race <0.0001*

Black 2.392 1.653–3.461 <0.0001*

White Reference – –

*, P value <0.05. NSCLC, non-small cell lung cancer; OR, odds ratio; CI, confidence interval.

to surgery “not being a planned part of treatment,” after 
adjusting for the other SDOH (OR: 1.779, 95% CI: 1.033–
3.061) (Table 4). Those of older age were more likely to not 
receive curative intent surgery for early-stage disease for all 
the reasons listed in Table 4.

SDOH and receipt of radiation for early-stage NSCLC

Because radiation treatment can be an alternative treatment 
for some patients with early-stage NSCLC, especially those 
who are unable or unwilling to have a surgical procedure, 
we evaluated the impact of SDOH on receipt of radiation 
for early-stage NSCLC. On univariable analysis, receipt 

of radiation was significantly associated with insurance 
status, marital status, age, race, and cigarette use at the 
time of diagnosis (Table S5). On multivariable analysis, 
those currently smoking cigarettes at the time of NSCLC 
diagnosis had greater odds of receiving radiation therapy 
compared to those identified as never smoking cigarettes 
(OR: 2.329, 95% CI: 1.438–3.773, P=0.0006). Those 
uninsured had greater odds of receiving radiation for early-
stage NSCLC compared to those who were privately 
insured (OR: 5.913, 95% CI: 2.647–13.209, P<0.0001), 
and older individuals were more likely to receive radiation 
for early-stage disease (OR: 1.042, 95% CI: 1.019–1.064, 
P=0.0002). Those who were widowed had greater odds 

https://cdn.amegroups.cn/static/public/TLCR-23-407-Supplementary.pdf
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Table 3 Association of social determinants of health with the receipt of curative intent surgery for early-stage NSCLC (multivariable logistic 
regression analysis)

Covariates OR 95% CI for OR P value

Insurance (n=1,128) <0.0001*

Medicaid (n=64) 0.332 0.172–0.639 0.0010*

Medicare (n=630) 0.661 0.443–0.987 0.0432*

Medicare/Medicaid (n=49) 0.549 0.274–1.103 0.0920

Uninsured (n=47) 0.211 0.105–0.425 <0.0001*

Private (n=338) Reference – –

Marital status at diagnosis (n=1,123) 0.1654

Divorced or separated (n=116) 0.734 0.468–1.151 0.1775

Single (n=102) 0.850 0.525–1.377 0.5095

Unknown (n=92) 0.849 0.515–1.401 0.5220

Widowed (n=142) 0.621 0.418–0.923 0.0185*

Married (n=671) Reference – –

Age at diagnosis (years) (n=1,130) 0.930 0.913–0.947 <0.0001*

Race (n=1,130) 0.0274*

Black (n=83) 0.562 0.337–0.938 0.0274*

White (n=1047) Reference – –

*, P value <0.05. NSCLC, non-small cell lung cancer; OR, odds ratio; CI, confidence interval.

Table 4 Association of social determinants of health and reasons for not receiving curative intent surgery for early-stage NSCLC (multivariable 
logistic regression analysis)

Variables N (%) Odds ratio 95% CI P value

Insurance (n=1,130) 0.0456*

Medicaid 66 (5.84)

Surgery not a planned part of treatment 18 (27.27) 3.039 1.516–6.092 0.0017*

Surgery not recommended, contraindicated due to other condition 3 (4.55) 4.081 0.935–17.816 0.0615

Medicare 630 (55.75)

Surgery not a planned part of treatment 194 (30.79) 1.291 0.835–1.995 0.2509

Surgery not recommended, contraindicated due to other condition 52 (8.25) 2.606 1.003–6.768 0.0492*

Surgery recommended; patient/guardian refused 10 (1.59) 1.630 0.175–15.156 0.6678

Surgery recommended, not performed; no reason recorded 11 (1.75) 3.452 0.369–32.315 0.2776

Unknown 3 (0.48) 2.269 0.126–40.718 0.5780

Medicare/Medicaid 49 (4.34)

Surgery not a planned part of treatment 19 (38.78) 2.043 0.996–4.189 0.0512

Surgery recommended; patient/guardian refused 1 (2.04) 3.510 0.187–65.752 0.4009

Table 4 (continued)
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Table 4 (continued)

Variables N (%) Odds ratio 95% CI P value

Uninsured 47 (4.16)

Surgery not a planned part of treatment 17 (36.17) 3.876 1.808–8.311 0.0005*

Surgery not recommended, contraindicated due to other condition 5 (10.64) 9.030 2.458–33.180 0.0009*

Surgery recommended; patient/guardian refused 1 (2.13) 8.069 0.452–143.944 0.1555

Surgery recommended, not performed; no reason recorded 2 (4.26) 20.723 1.724–249.038 0.0169*

Private (reference) 338 (29.91) – – –

Marital status at diagnosis (n=1,123) 0.4081

Divorced or separated 116 (10.33)

Surgery not a planned part of treatment 32 (27.59) 1.306 0.799–2.133 0.2868

Surgery not recommended, contraindicated due to other condition 10 (8.62) 2.293 1.045–5.033 0.0386*

Surgery recommended, not performed; no reason recorded 1 (0.86) 1.085 0.129–9.152 0.9400

Single 102 (9.08)

Surgery not a planned part of treatment 25 (24.51) 1.099 0.645–1.873 0.7292

Surgery not recommended, contraindicated due to other condition 7 (6.86) 1.618 0.661–3.963 0.2924

Surgery recommended; patient/guardian refused 3 (2.94) 5.697 1.187–27.346 0.0297*

Unknown 92 (8.19)

Surgery not a planned part of treatment 32 (34.78) 1.401 0.835–2.350 0.2015

Surgery not recommended, contraindicated due to other condition 2 (2.17) 0.466 0.106–2.051 0.3126

Surgery recommended; patient/guardian refused 1 (1.09) 1.644 0.168–16.063 0.6689

Widowed 142 (12.64)

Surgery not a planned part of treatment 51 (35.92) 1.490 0.965–2.302 0.0721

Surgery not recommended, contraindicated due to other condition 14 (9.86) 1.711 0.846–3.463 0.1352

Surgery recommended; patient/guardian refused 5 (3.52) 4.711 1.174–18.908 0.0288*

Surgery recommended, not performed; no reason recorded 6 (4.23) 3.743 1.143–12.261 0.0292*

Married (reference) 671 (59.75) – – –

Age at diagnosis (years) (n=1,130) <0.0001*

Surgery not a planned part of treatment 293 (25.93) 1.076 1.054–1.097 <0.0001*

Surgery not recommended, contraindicated due to other condition 66 (5.84) 1.079 1.041–1.118 <0.0001*

Surgery recommended; patient/guardian refused 13 (1.15) 1.109 1.026–1.198 0.0094*

Surgery recommended, not performed; no reason recorded 14 (1.24) 1.055 0.981–1.135 0.1508

Unknown 4 (0.35) 1.021 0.882–1.182 0.7783

Table 4 (continued)
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of receiving radiation compared to married individuals 
(OR: 1.631, 95% CI: 1.021–2.604, P=0.0406). There was 
no significant difference in the odds of receiving radiation 
in early-stage NSCLC among Black and White patients  
(Table 5).

SDOH and receipt of stage appropriate treatment for 
advanced-stage NSCLC

In those with advanced-stage NSCLC, insurance status, 
marital status, age, and race were all associated with lower 
odds of receiving stage appropriate systemic therapy 
by univariable analysis (all P<0.0001) (Table S6). On 
multivariable analysis, those significantly less likely to 
receive stage-appropriate therapy for advanced disease were 
uninsured (OR: 0.411, 95% CI: 0.284–0.592, P<0.0001), 
had combined Medicare/Medicaid (OR: 0.423, 95% CI: 
0.247–0.726, P=0.0018), were single (OR: 0.509, 95% CI: 
0.371–0.698, P<0.0001), widowed (OR: 0.519, 95% CI: 
0.358–0.752, P=0.0005), and Black (OR: 0.668, 95% CI: 
0.503–0.887, P=0.0053) (Table 6).

SDOH and time to treatment

The median time from diagnosis to the first treatment was 
0.9 months for both Black and White individuals (95% CI: 
0.7–1.0 and 0.8–0.9, respectively) (Figure S1). By univariable 
Cox proportional hazard regression, SDOH which included 
cigarette use at diagnosis, insurance status, marital status, 
race, stage, and age were significantly associated with 

greater time from diagnosis to treatment (Table S7). By 
multivariable analysis, individuals who currently smoked 
[hazard ratio (HR): 2.440, 95% CI: 2.004–2.971, P<0.0001] 
and formerly smoked (HR: 5.218, 95% CI: 4.039–6.742, 
P<0.0001) had and increased time to treatment compared 
to never smokers. Those with any insurance type other 
than private insurance had an increased time to treatment 
[P<0.0001 (Medicare, Medicare/Medicaid, uninsured), 
P=0.0201 (Medicaid)]. Those widowed (HR: 2.109, 95% 
CI: 1.646–2.702, P<0.0001) had a greater time to treatment 
onset compared to the reference married status. Those 
with advanced stage had a greater time to treatment onset 
compared to early stage (HR: 12.738, 95% CI: 10.076–
16.102, P<0.0001) (Table S8).

Impact of race, gender, insurance, and marital status, and 
stage on 5-year OS

In this NSCLC cohort, survival varied significantly by 
advancing stage and by race, with worse 5-year OS in 
Black compared to White race individuals (HR: 1.41, 
95% CI: 1.25–1.60, P<0.0001) (Figure 1A). Survival was 
further delineated based on insurance type. Compared 
to individuals with private insurance, lower 5-year OS 
was associated with being uninsured (HR: 1.79, 95% CI: 
1.52–2.11), having combined Medicaid/Medicare insurance 
(HR: 1.32, 95% CI: 1.05–1.65), having Medicare only 
insurance (HR: 1.13, 95% CI: 1.02–1.25), and having 
Medicaid only insurance (HR: 1.25, 95% CI: 1.05–1.49, 
P<0.0001) compared to private insurance (Figure 1B). Male 

Table 4 (continued)

Variables N (%) Odds ratio 95% CI P value

Race (n=1,130) 0.0793

Black 83 (7.35)

Surgery not a planned part of treatment 31 (37.35) 1.779 1.033–3.061 0.0377*

Surgery not recommended, contraindicated due to other condition 4 (4.82) 1.274 0.420–3.860 0.6687

Surgery recommended; patient/guardian refused 1 (1.20) 1.328 0.154–11.488 0.7965

Surgery recommended, not performed; no reason recorded 2 (2.41) 3.681 0.748–18.118 0.1090

Unknown 1 (1.20) 13.208 1.275–136.789 0.0305*

White (reference) 1,047 (92.65) – – –

Possible reasons for not receiving surgery include, “surgery not a planned part of treatment”, “surgery not recommended, contraindicated 
due to other condition”, “surgery recommended; patient/guardian refused”, “surgery recommended, not performed; no reason recorded”, 
and “unknown”. Within each variable, only recorded reasons for not receiving surgery are included. *, P value <0.05. NSCLC, non-small 
cell lung cancer; CI, confidence interval.
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gender compared to female gender was also associated with 
worse 5-year OS (HR: 1.29, 95% CI: 1.18–1.41, P<0.0001) 
(Figure 1C). When stratified by marital status, worse 5-year 
OS was observed in those who were single (HR: 1.44, 95% 
CI: 1.26–1.65), widowed (HR: 1.19, 95% CI: 1.03–1.38), or 
had an unknown marital status (HR: 1.35, 95% CI: 1.15–1.57, 
P<0.0001) when compared to married individuals (Figure 1D).

On multivariable analysis controlled for SDOH, Black 
race itself was not associated with worse OS time in this 
cohort (Table S9). An increased HR for death was seen in 
those with Medicare, combined Medicare/Medicaid, and 
uninsured status (HR: 1.970, 1.756, and 2.658 respectively), 
and advanced stage at diagnosis (HR: 1.672, 95% CI: 1.446–
1.934) (Table S9). As expected, OS and 5-year OS decreased 
with advancing stage at the time of diagnosis (Figure S2), 

and there was no statistically significant racial difference in 
5-year OS based on individual stage (Figure S3).

Discussion

Key findings

Over the last 5 years, lung cancer mortality has declined 
among U.S. adults, due to increased screening efforts and 
tobacco cessation strategies (1). However, racial disparities 
persist as Black individuals are more likely to be diagnosed 
with advanced-stage disease and have worse survival 
compared to other U.S. racial/ethnic groups (1,30,31). 
Here we demonstrate that in those with newly diagnosed 
NSCLC, individual SDOH matter and influence stage at 
diagnosis, receipt of stage appropriate treatment, timing 

Table 5 Association of social determinants of health with the receipt of radiation therapy for early-stage NSCLC (multivariable logistic regression 
analysis) 

Covariates OR 95% CI for OR P value

Cigarette use at time of diagnosis (n=697) 0.0021*

Currently smokes (n=264) 2.329 1.438–3.773 0.0006*

Formerly smoked (n=292) 1.559 0.965–2.518 0.0694

Never used (n=141) Reference – –

Insurance (n=1,130) 0.0003*

Medicaid (n=66) 2.397 0.970–5.924 0.0583

Medicare (n=630) 1.174 0.736–1.873 0.5002

Medicare/Medicaid (n=49) 1.462 0.452–4.734 0.5260

Uninsured (n=47) 5.913 2.647–13.209 <0.0001*

Private (n=338) Reference – –

Marital status at diagnosis (n=1,123) 0.0736

Divorced or separated (n=116) 0.859 0.499–1.478 0.5830

Single (n=102) 1.793 0.987–3.257 0.0553

Unknown (n=92) 0.901 0.318–2.554 0.8442

Widowed (n=142) 1.631 1.021–2.604 0.0406*

Married (n=671) Reference – –

Age at diagnosis (years) (n=1,130) 1.042 1.019–1.064 0.0002*

Race (n=1,130) 0.1070

Black (n=83) 1.758 0.885–3.492 0.1070

White (n=1,047) Reference – –

Included variables are those deemed significant in univariable analysis (cigarette use at time of diagnosis, insurance, marital status, age at 
diagnosis, and race). *, P value <0.05. NSCLC, non-small cell lung cancer; OR, odds ratio; CI, confidence interval.
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Table 6 Association of social determinants of health with the receipt of systemic therapy for advanced stage NSCLC (multivariable logistic 
regression analysis) 

Covariates Odds ratio 95% CI for OR P value

Insurance (n=1,642) <0.0001*

Medicaid (n=165) 0.774 0.528–1.135 0.1901

Medicare (n=638) 0.846 0.627–1.143 0.2764

Medicare/Medicaid (n=71) 0.423 0.247–0.726 0.0018*

Uninsured (n=169) 0.411 0.284–0.592 <0.0001*

Private (n=599) Reference – –

Marital status at diagnosis (n=1,639) <0.0001*

Divorced or separated (n=178) 0.837 0.591–1.185 0.3153

Single (n=234) 0.509 0.371–0.698 <0.0001*

Unknown (n=151) 0.765 0.528–1.109 0.1573

Widowed (n=146) 0.519 0.358–0.752 0.0005*

Married (n=930) Reference – –

Age at diagnosis (years) (n=1,642) 0.971 0.959–0.984 <0.0001*

Race (n=1,642) 0.0053*

Black (n=275) 0.668 0.503–0.887 0.0053*

White (n=1,367) Reference – –

*, P value <0.05. Included variables are those deemed significant in univariable analysis (insurance, marital status, age at diagnosis, and 
race). NSCLC, non-small cell lung cancer; OR, odds ratio; CI, confidence interval.

of treatment initiation, reasons individuals do not receive 
guideline concordant lung cancer treatment, and 5-year OS.

Explanation of findings and comparison to similar studies

As diagnosis of NSCLC at advanced stage is associated 
with decreased survival, we similarly observed this in our 
cohort of patients with newly diagnosed NSCLC. We 
further studied those individual level SDOH associated with 
advanced stage at diagnosis. Inadequate health insurance 
is one of the largest barriers to healthcare access and the 
unequal distribution of coverage contributes to other 
observed health disparities (32,33). In this cohort, those 
who were uninsured were more likely to be diagnosed 
with advanced-stage NSCLC compared to those with 
private insurance. Marital status is a surrogate for social 
support, with some studies suggesting that social support 
from interactions with family may help reduce the negative 
impact of discrimination and financial hardships on health 
and well-being (34). We found a greater percentage of 
single individuals were diagnosed with advanced-stage 

disease compared to those who were married at the time 
of diagnosis. However, multivariable analysis associated 
only male gender, uninsured status, age, and Black race 
as independent predictors of advanced stage at diagnosis, 
suggesting that increased diagnosis of advanced-stage 
NSCLC in single persons may be impacted by these 
SDOH. 

Consistent with other studies, we found evidence for 
racial disparities in NSCLC OS. In this cohort, Black 
race was associated with worse 5-year OS compared to 
White race. However, when adjusted for the individual 
level SDOH (race, gender, insurance, and marital status) 
and clinical diagnosis stage, we found worse 5-year OS 
was not significantly associated with race alone but rather 
with insurance and marital status. Specifically, those 
with Medicare only, combined Medicaid/Medicare, and 
uninsured had worse OS compared to those with private 
only insurance. Similarly, the Southern Community Cohort 
study suggested worse survival in Black patients. However, 
when adjusted for socioeconomic status (SES) and cancer 
stage at diagnosis (with more advanced-stage lung cancer 
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Figure 1 Kaplan-Meier estimates of 5-year overall survival based on race (A), insurance type (B), gender (C), and marital status (D). HR, 
hazard ratio; CI, confidence interval.

in Black patients), they also found that mortality was 
similar between the two races, suggesting that differences 
in survival may be due to social and economic disparities 
in Black communities (35). Further support comes from a 
large database of Floridians with NSCLC in which those 
living in neighborhoods of low socioeconomic state had 
lower survival compared to those in high socioeconomic 
neighborhoods (36). That study used U.S. Census data to 
assess neighborhood level determinants of health. However, 
unlike our cohort, they were unable to assess survival 
differences based on individual-level SES or SDOH nor 
determine which SES or SDOH were predictors of worse 
survival. 

We found convincing evidence suggesting that racial 

differences in survival were strongly influenced by differing 
SDOH that disproportionately affect Black individuals, 
particularly insurance and marital status. We then 
investigated how these individual SDOH impacted the 
receipt of evidence-based guidelines for NSCLC treatment. 
For advanced-stage disease, those uninsured or having 
combined Medicare/Medicaid insurance, single, widowed, 
and Black were less likely to receive guideline concordant 
treatment, which each represent vulnerable populations. For 
those with early-stage NSCLC, age, insurance status other 
than private insurance (uninsured, Medicaid, Medicare), 
being widowed, and Black race influenced the receipt of 
stage-appropriate, curative intent surgery. This highlights 
differing NSCLC treatment among vulnerable groups 
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Median (95% CI)

HR (95% CI)

HR (95% CI)

5-year survival

5-year survival

Medicaid
Medicare 

Medicare/Medicaid 
Private 

Uninsured

Divorced/Separated 
Married 
Single

Unknown
Widowed

Logrank P-value: <0.0001

Logrank P-value: <0.0001

Censor
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based on individual SDOH and regardless of lung cancer 
stage. Regardless of insurance status, Black individuals were 
found to be almost half as likely as White individuals to 
receive guideline-concordant surgical resection for early-
stage disease. This suggests that there are discriminating 
factors other than insurance status that influence the receipt 
of surgery for early-stage NSCLC. We also found a greater 
percentage of single and widowed early-stage NSCLC 
patients were less likely to receive curative intent surgery 
compared to married individuals, which may speak to the 
impact of social support on early lung cancer treatment. 

Chen et al. found that unmarried patients were less 
likely to receive definite treatment in several cancers, 
including lung cancer (37). Reasons postulated for this 
include lower adherence to prescribed treatments among 
unmarried persons, lack of social support, and low tolerance 
for aggressive treatments. Based on these postulated, but 
untested, rationales physicians may be inclined to not offer 
such treatments. However, a study by Aizer et al. using the 
SEER database to study the impact of marital status and 
cancer therapy found that only 0.52% of unmarried patients 
with cancer declined physician recommended surgery (38). 
This suggests that unmarried NSCLC patients may simply 
not be offered surgery. We found that the reasons for not 
receiving surgery likely vary by specific social circumstances. 
For instance, we found that widowed and single individuals 
were more likely to refuse recommended surgical resection, 
which may suggest these two groups may benefit from 
additional support from providers when it comes to 
discussing lung cancer treatment options to ensure that they 
feel supported in their treatment decisions. Reasons for 
variability in these therapeutic decisions based on marital 
status should be further explored to ensure equitable access 
to best care in early-stage NSCLC.

We also found that uninsured persons were nearly 
80% less likely to receive curative intent surgery for 
early-stage NSCLC compared to those with private 
insurance. Uninsured NSCLC patients were almost four 
times more likely to not even be offered surgery as a 
part of the treatment plan and nine times more likely to 
not be recommended curative intent surgery because of 
“contraindications due to other condition”, which may 
speak to treatment disparities based on insurance status 
and worse overall health among this group increasing one’s 
surgical risk. In the U.S., Medicaid status is a surrogate for 
individual poverty level, while Medicare status is in part 
considered a function of age, which plays a seminal role 
in one’s overall health and survival. For Indiana residents, 

Medicaid covers oncology services, including cancer 
prevention, diagnosis, therapeutic treatment, rehabilitation, 
and palliative care. We found those with Medicaid insurance 
were 67% less likely to receive curative intent surgery 
for early-stage NSCLC compared to privately insured 
individuals. While Medicare insurance typically includes 
those 65 years of age and older, and presumably those 
with worse overall health as a function of increased age, 
this group was only 34% less likely than privately insured 
individuals to receive curative intent surgery. This suggests 
that poverty is likely a driver behind observed disparities in 
early NSCLC treatment. 

When it comes to race, we found Black individuals 
were 1.8 times less likely to receive curative intent surgery 
because it was “not part of the recommended treatment 
plan”. This suggests underlying reasons for physician bias 
in lung cancer treatment that should be further explored to 
ensure equitable care for all regardless of race. Additionally, 
these disparate findings represent a rationale for careful 
assessment of patients who are not offered or refuse 
standard of care surgery and provide a possible framework 
by which physicians can provide tailored support to patients 
to avoid treatment bias based on SDOH. For instance, 
a study by Camposilvan et al. suggested that surgeon 
total NSCLC procedural volume influences decisions 
surrounding procedural selection, which may impact the 
delivery of cancer care for such patients (39). Given the 
retrospective nature of this study, we were unable to analyze 
specific surgical patterns or robustness of our cardiothoracic 
program at the time. However, the findings of this study 
will frame the foundation of prospective studies designed to 
further assess specific reasons for varying surgical practices 
associated with various SDOH (31). 

Implications and actions needed

While race and gender are non-modifiable SDOH, 
provider recognition of the impact of one’s race on their 
lived experiences and distribution of resources influencing 
their access to equitable medical care is one that can be 
modified. Additionally, provider attitudes, behaviors, 
and shared decision making when discussing lung cancer 
screening and cancer treatment options may be an area of 
improvement. Individual SDOH like insurance type can be 
modified in hopes of improving lung cancer outcomes that 
we have shown to be affected by insurance type. Our study 
found an association between SDOH (male gender, Black 
race, insurance status) and advanced stage at diagnosis, 
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which suggest these could represent risk factors for the 
development of lung cancer which could be considered 
in determining eligibility for lung cancer screening and 
early detection. Our findings suggest that even if lung 
cancer screening with low-dose CT chest was provided 
to all eligible individuals based on our current screening 
guidelines, it would not benefit many patients with early-
stage disease that are not offered surgical resection with 
curative intent based on their insurance status or race. 

Our study also suggests a possibility of provider 
implicit bias when it comes to stereotypes surrounding 
patient treatment preferences, refusal of provider 
recommendations, and social support. More work needs 
to be done including prospective studies to understand 
discrepancies in guideline concordant treatment for 
NSCLC in vulnerable populations. Further characterization 
of individual social needs that may be barriers to lung 
cancer care (i.e., transportation, social support, insurance) 
should be done to mitigate any such barriers. Current work 
is being done to identify screening eligibility criteria in 
addition to 20+ pack-years smoking history and 15 years 
since quitting, that could better identify those at highest 
risk for the development of lung cancer. Particularly, Kondo 
et al. suggest lung cancer risk not only persist past the  
15 year since quitting criteria in current screening 
guidelines, but that it may remain increased for 2–3 
decades (40). The Sybil model, a radiology-based learning 
model, has also been shown to predict future lung cancer 
risk, suggesting that artificial intelligence (AI) could be 
used in the future to identify people at the highest risk for 
the development of lung cancer, regardless of smoking 
history (41). Prospective studies including diverse patient 
populations are needed to assess how individual SDOH, 
including insurance and marital status, can be combined 
with AI, and our current screening guidelines to better 
identify those at increased risk for lung cancer. Therefore, 
targeted screening efforts in vulnerable populations could 
be employed to reduce advanced stage at diagnosis based on 
those with the highest risk.

Strengths and limitations

One of the advantages of our study is that it was conducted 
at IUSCCC, the only National Cancer Institute-designated 
comprehensive cancer center in Indiana. Another strength 
of this study is the ability to assess individual level SDOH 
and their effect on staging, 5-year OS, receipt of stage 
appropriate treatment, and specific reasons for variation 

from standard of care treatment in early-stage NSCLC. Our 
study provides a comprehensive evaluation of these specific 
SDOH (race, gender, marital status, insurance status) on 
reasons for not receiving recommended treatment for early-
stage NSCLC, which is novel. This knowledge will inform 
future prospective studies to directly explore reasons for the 
observed disparities in guideline concordant treatment of 
early-stage disease based on these SDOH.

There are limitations to this study. First, this is single 
center study retrospective analysis conducted at a Midwest 
academic medical center and cancer center, which may not 
reflect lung cancer disparities observed in other geographic 
areas. Other important SDOH, such as income and 
education levels, were not included in this database, hence 
we could not study the effect of these on our primary and 
secondary outcomes. We found treatment discordance 
in advanced-stage disease that was associated by race and 
SDOH; unfortunately, reasons for differential receipt of 
chemotherapy and radiation were not collected in this 
registry. Further, this database cannot differentiate SBRT 
from conventional radiation when listing “radiation” as 
a treatment type for early-stage NSCLC. An additional 
limitation of this retrospective study is the database did not 
include co-morbidities for patients. While we recognize 
that co-morbidities may account for reasons potentially 
curative surgery was not provided for patients diagnosed 
with early-stage disease, it does not entirely explain the 
above disparities in early-stage disease associated with race, 
marital status, and insurance. OS was analyzed as opposed 
to lung cancer-specific survival as cause of death was not 
included in this database. However, important outcomes of 
interest were observed differences in stage-specific NSCLC 
treatment and particularly reasons for not receiving curative 
intent surgery for early-stage disease, controlling for 
individual SDOH.

Another limitation of this study is that other patient 
characteristics such as education, body mass index (BMI), 
performance status, Charlson comorbidity index (CCI), 
and limited forced expiratory volume in one second (FEV1) 
were not available in our registry. While these factors 
may impact reasons for not offering surgery to certain 
patients with early-stage NSCLC, it would not fully explain 
observed differences based on race and insurance status. 

The retrospective cohort included those with newly 
diagnosed NSCLC between January 1, 2000 and May 31, 
2015, and individual staging was determined based on 
the contemporary AJCC staging (editions 5, 6, and 7). A 
retrospective study by Erdoğu et al. showed upstaging when 
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evaluating the effects of transitioning from the 6th to the 
7th staging systems; however, this only included those who 
received surgery and therefore was insufficient to compare 
survival curves in those diagnosed with advanced stage that 
did not receive surgery, which included the larger portion 
of our cohort, particularly Black individuals (42). As stage 
at the time of diagnosis was used to determine treatment 
decisions, we felt that re-staging based on a single AJCC 
edition would introduce bias to this important endpoint.

Conclusions

Our study supports the hypothesis that SDOH impact stage 
appropriate treatment and survival for NSCLC patients, 
particularly in those with early-stage NSCLC. While race 
has been described as a social construct and identified 
as a risk factor for lung cancer incidence and survival, 
it is also highly linked to differing SDOH, which often 
disproportionately render Black individuals with worse 
health outcomes.

Factors associated with NSCLC patients of Black 
race, including gender, insurance status, and marital 
status, contribute to access to quality care, environmental 
exposures, social support, and differences in medical 
decision-making that may impact diagnosis, lung cancer 
care, and outcomes. Our study suggests some individual-
level SDOH disproportionately affect Black individuals 
resulting in poor NSCLC outcomes. It also suggests that 
implicit bias may impact patient and physician practices 
pertaining to interventions such as receipt of potentially 
curative surgery for early-stage NSCLC. Understanding 
and addressing these risk factors may help to mitigate 
racial lung cancer disparities. More studies are needed to 
evaluate the impact of these and other factors on racial 
disparities in lung cancer development and outcomes, and 
to further define these risks, which may improve efforts for 
early identification and improved treatment outcomes in all 
patients with NSCLC.
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