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Introduction

Rationale/background

Lung cancer is the leading cause of cancer death in both 
males and females in the United States, accounting for 
almost one-quarter of all cancer deaths (1,2). There are 
significant documented disparities in lung cancer prevalence 

and outcomes among individuals of different socioeconomic 
status (SES) (3). Several studies have documented that race 
and socioeconomic factors, such as income, education, 
and geographic location, are associated with differences in 
lung cancer prevalence as well as mortality (4-7). SES often 
manifests itself in one’s health and access to care through 
differences in access to material and social resources, 
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physical and emotional stressors, and health-related 
behaviors (8). SES may be an independent prognostic factor 
for survival in non-small cell lung cancer (NSCLC), with 
individuals living in low income areas having worse NSCLC 
survival than those residing in higher income areas, even 
after adjusting for stage of disease at presentation (9). With 
respect to racial and ethnic disparities, the incidence of 
lung cancer is higher in Black patients, and survival is lower 
in both Blacks and Hispanics compared to Whites (10). 
Minority patients are also more likely to present at advanced 
stages and less likely to receive any type of lung cancer 
treatment, including surgical resection, chemotherapy, or 
radiation therapy (11). 

 NSCLC is the most common type of lung cancer, 
and definitive surgical resection is generally the preferred 
treatment for patients with early-stage (Stage I-II) NSCLC 
(12-14). For the subset of patients who cannot undergo 
surgery due to pulmonary or cardiovascular function, other 
comorbidities, or personal preference, stereotactic body 
radiation therapy (SBRT) is increasingly considered a 
suitable and efficacious alternative (15-17). SBRT is a highly 
conformal, precise external beam radiation technique that 
delivers a very high biological effective dose of radiation 
(often defined as >6 Gy/fraction) over a limited number 
of fractions (often five or less) (18). SBRT can lead to 
durable tumor response and is therefore known as “ablative” 
radiotherapy (19). SBRT has been shown to provide a high 
rate of local tumor control (>90%) in early-stage NSCLC 
(20-22). Compared to conventionally fractionated external 
beam radiation (CFRT), SBRT is associated with better 
survival outcomes and lower rates of toxicity (23). In 
addition to safety and efficacy, SBRT also offers increased 
convenience with a smaller number of treatments and visits 
needed, and has been shown to be cost-effective (20). 

Objectives

Although SBRT has emerged over the last two decades as a 
promising therapy for early-stage NSCLC patients, not much 
is known about whether it is used equitably across different 
racial and socioeconomic groups. There are many studies 
examining the relationship between CFRT for NSCLC and 
SES (24-26), but these tend not to focus on SBRT. This 
comprehensive narrative review aimed to specifically focus on 
the impact of racial and socioeconomic disparities on the use 
of SBRT for lung cancer and clinical outcomes. 

We present the following article in accordance with the 
Narrative Review Reporting Checklist (available at: http://

dx.doi.org/10.21037/jtd-20-3199).

Methods

Research selection

To identify studies on the association between race, 
socioeconomic factors and SBRT for lung cancer, four 
databases were used: MEDLINE/PubMed, Web of Science, 
Embase, and Google Scholar. The literature search focused 
on studies published from 2000 to October 12, 2020. 
A combination of key words related to socioeconomic 
determinants and SBRT was applied. Examples for these 
key words were: “socioeconomic,” “disparity,” “education,” 
“income,” “race,” “ethnicity,” “access,” and/or “SBRT,” “lung 
cancer,” “stereotactic body radiation therapy”, “radiotherapy.” 
The inclusion criteria were (I) peer-reviewed academic 
journals published in English; (II) studies with a primary 
diagnosis of lung cancer reported separately from other 
cancers; (III) articles with accessible abstracts and full text. 
References cited in included studies were reviewed to 
identify additional studies. A forward citation search was 
also used to identify more recent studies that had cited the 
included studies.

Study identification

Six studies that analyze SBRT, race, and socioeconomic 
factors were identified (25-30). The studies are summarized 
in Table 1.

Discussion

Racial and ethnic disparities in lung cancer SBRT access 
and outcomes 

In a retrospective National Cancer Database (NCDB) study 
of 113,312 Stage I NSCLC patients treated in 2003–2011, 
Corso et al. demonstrated that Black patients with early-
stage NSCLC were not only less likely to receive surgery 
than White patients (57.6% vs. 65.6%; P<0.001), but also 
less likely to receive SBRT (5.5% vs. 6.1%; respectively, 
P<0.001) (27). Instead, Blacks were more likely to receive 
CFRT (17.0% vs. 15.0%; P<0.001) or no treatment (19.9% 
vs. 13.3%; P<0.001) compared to Whites. Black patients 
were more likely to refuse any radiation treatment (both 
SBRT and CFRT) than White patients (2.2% vs. 1.6% 
respectively; P<0.001). The authors also reported that a 
higher percentage of Black patients were uninsured and 
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came from lower income and education areas. These factors 
could potentially further contribute to the barrier in SBRT 
access and lead to worse clinical outcomes. Moreover, the 
disparity in SBRT receipt between Black and White patients 
may be worsening with time. In 2006, the difference in 
SBRT use rate was only 0.2%, but by 2011, the difference 
increased to 2.3%.

 Similarly, in another NCDB study with 39,822 Stage I 
NSCLC patients who were treated with either radiotherapy 
or no treatment between 2003–2011, Koshy et al . 
demonstrated that Black Stage I NSCLC patients were less 
likely to receive any radiation therapy compared to Whites 
[odds ratio (OR) 0.64, 95% CI, 0.60–0.69; P<0.001], as 
were Hispanic patients (OR 0.42, 95% CI, 0.36–0.49; 
P<0.001) (26). Black patients were also less likely to receive 
SBRT than CFRT (OR 0.71, 95% CI, 0.63–0.80; P<0.001) 
compared to White patients. 

In a third NCDB study of 23,088 NSCLC patients treated 
with either SBRT or CFRT between 2004–2015, Haque et al.  
confirmed on multivariable analysis that SBRT was less 
frequently delivered in Black patients compared to White 
patients (OR 0.79, 95% CI, 0.66–0.94; P=0.008) (29). They 
also determined that on multivariate analysis adjusting for 

SBRT vs. CFRT, Black patients continued to have worse 
overall survival [adjusted HR (aHR) 0.85, 95% CI, 0.79–0.92; 
P<0.001]. 

In a SEER study of 62,312 Stage I NSCLC patients 
from 2004–2012, Dalwadi et al. mentioned SBRT in the 
introduction, but no specific analysis of SBRT was reported 
in the manuscript (30). However, the study did confirm 
that minority patients were less likely to not undergo 
local treatment and surgery. Compared to 11% of White 
patients, 18% of Black patients did not receive any treatment 
(P<0.001). While 67% of Whites received surgery, only 56% 
of Blacks and 58% of American Indians received surgery 
(P<0.001). Minority patients also had worse survival rates 
compared to White patients; the two-year cancer-specific 
survival for Blacks and American Indians was 76% and 
73%, respectively, compared to 79% for Whites (P<0.001). 
Furthermore, the median survival for Blacks and American 
Indians was 80 months and 49 months, respectively, in 
contrast to 107 months for Whites (P<0.001). However, 
on multivariate analysis, adjusting for treatment (surgery, 
radiation or both), cancer-specific survival for Blacks  (aHR 
0.98; P=0.3847) and American Indians (aHR 1.33; P=0.0194) 
was not significantly different compared to Whites.

Table 1 Six identified studies that analyze associations between lung SBRT, race, and socioeconomic factors

Author & date Title of article
Number of 

patients
Study  
period 

Data  
source

NSCLC 
stage

SES factors 
examined

Holmes et al. 2018 (25) Racial disparities in time from diagnosis 
to treatment for stage I non-small cell 
lung cancer

119,184 2008–2013 National Cancer 
Database (NCDB)

Stage I Race

Koshy et al. 2015 (26) Disparities in treatment of patients with 
inoperable stage I non-small cell lung 
cancer: A population-based analysis

39,822 2003–2011 NCDB Stage I Race, location

Corso et al. 2015 (27) Racial disparities in the use of SBRT for 
treating early-stage lung cancer

113,312 2003–2011 NCDB Stage I Race, income, 
education

Rengan et al. 2014 (28) Impact of sociodemographic factors 
on the radiotherapeutic management 
of lung cancer: Results of a quality 
research in radiation oncology survey

340 2006–2007 45 participating 
institutions

Stage I-III Location, 
income, 

education

Haque et al. 2018 (29) Stereotactic body radiation therapy 
versus conventionally fractionated 
radiation therapy for early stage non-
small cell lung cancer

23,088 2004–2015 NCDB Stage I Race, income, 
location 

Dalwadi et al. 2019 (30) Disparities in the treatment and outcome 
of stage I non-small-cell lung cancer in 
the 21st century

62,312 2004–2012 Surveillance, 
Epidemiology, 

and End Results 
Database (SEER)

Stage I Race
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One putative reason for the discrepancy in survival is that 
Black patients might be receiving less aggressive treatment (27). 
Lin et al. showed that Black patients were less likely to receive 
stage-appropriate treatment than White patients (31). Stage-
appropriate treatment was defined by the study as receiving 
the recommended lung cancer treatment within 1 year of 
diagnosis. The authors concluded that cultural factors (such 
as negative treatment beliefs, fatalism, and medical mistrust) 
could explain up to 30% of the difference in lung cancer care. 
This study only included patients from four medical centers 
in New York City, and may therefore not be generalizable to 
the patient population across the United States. Nevertheless, 
black and Hispanic patients were found to be more likely 
to hold fatalistic views about lung cancer and more likely to 
have misperceptions about the safety of treatment than white 
patients in at least one other study (10). Moreover, another 
study has found that between 2004 and 2016, 1,359 (0.98%) 
out of 138,143 patients with NSCLC chose SBRT over 
recommended surgery. The percentage has been increasing 
from 0.1% in 2004 to 1.7% in 2016. The same study also 
showed that Black patients are more likely to prefer SBRT 
over surgery than White patients (OR 1.50, 95% CI, 1.23–
1.83; P<0.01) (32). These factors may lead to delays in follow-
up and non-compliance with staging work-up and treatment. 
Indeed, black patients have been shown to have a statistically 
significant longer median time to treatment for all lung cancer 
treatment modalities. In a retrospective study with 119,184 
Stage I NSCLC patients diagnosed from 2008–2013, Holmes 
et al. found that overall 34% of Black patients had treatment 
initiation eight or more weeks after diagnosis, vs. 24% of 
White patients (P<0.001) (25). Specifically, the median time 
between diagnosis to first SBRT treatment for Black patients 
was 66 vs. 55 days for White patients (P<0.001). Similar to 
Corso et al. and Koshy et al., Holmes et al. also confirmed that 
Black patients were less likely to receive SBRT and more likely 
to receive CFRT. 

To conclude, multiple studies have demonstrated that 
minority patients are less likely to receive standard of 
care treatment, including surgery and SBRT, compared 
to White patients. This disparity in receiving appropriate 
treatment was associated with worse survival outcomes in 
Blacks receiving radiation (adjusting for SBRT vs. CFRT) 
on multivariate analysis (29), but it has not been shown if 
decreased rates of surgery account for worsened survival 
in minority patients. Further investigation needs to be 
conducted to determine the extent to which disparities in 
treatment lead to survival disparities by race and ethnicity. 
Moreover, there is some concern that racial disparities 

in SBRT receipt are increasing with time. Future studies 
on more recent data should be performed to determine 
whether this divide is worsening further, with the ultimate 
goal of understanding and mitigating reasons for this 
emerging disparity. 

Income, education, and geographic location associated with 
SBRT accessibility

In Corso et al., lower household income and education 
level were correlated with lower rates of receiving SBRT 
and higher rates of receiving CFRT or no treatment (27). 
In addition to income and education, there appears to be a 
regional disparity to SBRT as well. In a retrospective study 
of 340 NSCLC patients who received radiation therapy 
in 2006–2007, Rengan et al. found that SBRT was less 
frequently used at facilities located in lower socioeconomic 
regions (defined by zip code) (28). For the treatment of 
Stage I NSCLC, SBRT was utilized for 46.8% of patients 
who lived in regions where the unemployment rate was 
below the national median, but only for 14.8% of patients 
in regions where the unemployment rate was above the 
median. It is important to note that even though this study 
examined 45 diverse facilities across the United States, 
only 340 patients with NSCLC were studied. Nonetheless, 
another study further supports the notion that there is a 
regional barrier to accessing SBRT treatment. Koshy et al. 
found that SBRT was more likely to be used in academic 
research centers and high-volume facilities compared to 
community cancers centers and low-volume facilities (26). 
Use of SBRT, CFRT, and no treatment was 25%, 28%, and 
46%, respectively, for patients treated in community cancer 
centers compared to 68%, 11%, and 21% for patients 
treated in academic centers (P<0.001). In addition, Haque 
et al. intended to evaluate the difference in efficacy between 
SBRT and CFRT for early-stage NSCLC, but also reported 
similar findings (29). They found that SBRT was utilized 
less often in patients with lower incomes, in urban locations 
(compared to metropolitan), and at non-academic centers. 

In other studies on early-stage NSCLC but not focused 
on SBRT, it has been demonstrated that lower education 
attainment and income levels were associated with increased 
lung cancer incidence (4,33). For example, lung cancer 
incidence was much higher in individuals with less than 
a high school education compared to college graduates 
(71.6 vs. 35.9 respectively per 100,000 women; 166.6 vs. 
57.6 per 100,000 men) (1). The same article suggested 
that smoking could explain some of the discrepancy in 
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lung cancer incidence. Individuals with lower education 
levels were more likely to smoke and less likely to quit. 
In 2012, smoking prevalence for individuals with a 9–11th 
grade education was 32.1%, whereas it was 9.1% in college 
graduates (1). In addition, 68.0% of smokers with less than a 
high school education were interested in quitting compared 
to 73.3% among those with a undergraduate degree (34). 

Individuals with lower SES also appear to have worse clinical 
outcomes in early-stage NSCLC. SES is typically evaluated in 
two ways: on an individual level (based on patient information) 
or on an area-based level (calculated using zip code). In 
a meta-analysis of 94 studies, Finke et al. found that both 
metrics were associated with worse lung cancer survival (35).  
Low individual income but not education level was associated 
with worse prognosis in this study. In comparison, area-
based studies indicated that both lower income and education 
level were correlated with a worse outcome. The same 
study further revealed that survival rates were positively 
correlated with SES for both individual and area-based 
measures. Similar studies performed by Erhunmwunsee et 
al. and Johnson et al. found that patients who lived in areas 
with lower median income and education level had worse 
mortality in both early- and late-stage NSCLC (9,36). 

It is highly concerning that individuals with lower SES 
have both higher rates of lung cancer and worse clinical 
outcomes. This review has identified further inequity with 
these patients also being less likely to receive SBRT, one of 
the standard-of-care treatments for early-stage lung cancer. 
One potential reason could be that patients with lower SES 
do not have access to healthcare facilities with more recent 
technology, and are therefore unable to receive appropriate 
lung cancer treatments such as SBRT. While SBRT is now 
a relatively common technique offered by many academic 
centers and major metropolitan areas, its use is not yet 
universal across the country, and access may be limited 
by regional availability and community resources (13).  
Therefore, these patients might receive no treatment or 
CFRT. Forgoing treatment for Stage I NSCLC is usually 
not recommended due to poor median survival with 
untreated disease, ranging from 9 to 14 months (37). In 
addition, treatment outcomes after CFRT are generally 
inferior to SBRT and surgery. Five-year survival after 
CFRT is between 15% to 39%, compared to 41% for 
SBRT and 66% for lobectomy (38,39). 

Summary

Studies on the association between SBRT, race, and 

socioeconomic factors have been limited in number and 
scope, and mainly use the NCDB dataset. The paucity of 
studies is likely due to the fairly new advent of SBRT; this 
is evident in that all of the identified studies were published 
after 2014. Nonetheless, the six studies showed how 
race factors into disparities in SBRT treatment, and how 
variation in income, education, and geographic location 
(defined by zip code) affect receipt of SBRT. Overall, this 
review found that minority patients, especially Blacks, 
were less likely to receive SBRT for early-stage NSCLC in 
the United States compared to White patients, even after 
adjusting for comorbidities, insurance status, and cancer 
stage. This might contribute to the previously identified 
decrement in prognosis for minority patients with early-
stage NSCLC. Some of the differences in treatment could 
be explained by cultural factors. In addition, patients 
with low income and education levels, and from non-
metropolitan areas, were less likely to receive SBRT. These 
factors are also correlated with worse clinical outcomes in 
other studies not specifically focused on SBRT. 

Limitations to the reviewed studies include their 
retrospective design; this leads to inherent reporting/
selection bias or coding errors. The most recent year 
included in any of the studies was 2015, and as such, 
updated analyses with newer data would be helpful in 
determining the scope and extent of ongoing disparities. 
Most of the studies were conducted on similar NCDB 
datasets spanning the years 2003–2015, and thus did not 
include non-accredited hospitals. This could have resulted 
in underrepresentation of certain demographics of patients. 
Some variables, such as quality of life or treatment toxicities, 
were also not captured in the database and thus could not 
be studied. Furthermore, most of the studies focused on 
Stage I NSCLC only. Yan et al. found that there has been 
an increase in the use of SBRT in Stage II NSCLC, namely 
in larger node-negative tumors (17). However, the authors 
did not find a clear association between SBRT, race, and 
socioeconomic factors such as income or education, likely 
due to smaller numbers of patients receiving SBRT for 
Stage II disease. More studies should be conducted to 
investigate the impact of socioeconomic factors on SBRT 
use in Stage II NSCLC as well.  

SES disparities in lung cancer treatment and survival 
outcome have been well-documented for decades (9,40). 
Perhaps not surprisingly, it appears that similar disparities 
exist with the newer treatment option of SBRT, from 
access and treatment to clinical outcomes. Providers and 
healthcare delivery systems should aim to achieve equal 
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access to SBRT in addition to other appropriate cancer 
therapies. Specifically, for lung SBRT, all patients with 
early-stage NSCLC should be evaluated by both surgical 
and radiation oncologists to consider all treatment options, 
and increasing public education about these treatments 
should be prioritized. It is crucial to improve the number of 
facilities that offer lung SBRT. The latest study on SBRT 
prevalence conducted in 2013, showed that only 54% of 
radiation oncologists in the United States reported using 
SBRT for lung cancer treatment (41). Oncology societies 
and training programs should increase awareness of SES 
disparities in cancer treatment delivery and outcomes. 
Lastly, future studies are needed to better understand the 
challenges and needs of underserved patients, and access to 
care initiatives must be prioritized to mitigate and eliminate 
disparities to the maximal extent possible. 
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