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Abstract
Introduction Many eligible women with invasive breast cancer do not receive recommended adjuvant radiation (RT), despite 
its role in local control and overall survival. We examined trends in RT use over 10 years, and the impact of sociodemographic 
factors on the receipt of standard-of-care RT, using the National Cancer Database (NCDB).
Materials/methods Women under age 70 with invasive breast cancer who underwent BCS from 2004 to 2014 were ana-
lyzed. Receipt of RT was evaluated in the whole cohort and by time period to identify temporal trends. Multiple logistic 
regression models were used to assess associations between factors such as race, insurance status, ethnicity, and receipt 
of RT.
Results A total of 501,733 patients met eligibility criteria. The percentage of patients undergoing adjuvant RT increased from 
86.7% in 2004 to 92.4% in 2012, and then decreased in 2013 and 2014 to 88.9%. On univariate analysis, patients of white 
race were significantly more likely to receive RT compared with patients of black race (90.4% vs 86.9%, p < 0.0001), as were 
non-Hispanic women compared to Hispanic patients (90.2% vs. 85.3%, p < 0.0001). On multivariate analysis, race, ethnicity, 
insurance status, education level, and age remained significantly associated with receipt of RT. On temporal analysis, gaps 
remained stable, with no significant improvements over time.
Conclusions This analysis suggests a recent decline in guideline-concordant receipt of RT in women under 70, and persistent 
disparities in the use of RT after BCS by race, ethnicity, and socioeconomic factors. These findings raise concern for a recent 
detrimental change in patterns of care delivery.
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Introduction

Adjuvant radiation therapy (RT) after breast-conserving 
surgery (BCS) is a standard element of breast-conserving 
therapy for women with invasive breast cancer who are 

younger than 70 years of age, contributing to improve-
ments both in locoregional control and overall survival 
[1, 2]. Historically, the standard for adjuvant radiation 
as a component of breast conservation applied to all 
women with invasive breast cancer, based on the land-
mark NSABP B06 study, which established the equiv-
alence of breast conservation to the historical “gold 
standard” of mastectomy [3]. Over time, as the literature 
has culled out groups of patients at higher and lower 
risk of recurrence, there has been an increasing interest 
in research designed to identify low-risk subgroups in 
whom the benefit of radiation is small and a survival 
advantage is unlikely [4–6]. To this end, the Cancer and 
Leukemia Group (CALGB) 9343 study (first published 
in 2004 and subsequently updated with 10-year follow-
up in 2013) demonstrated a relatively small reduction 
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in local recurrence from 10 to 2% with the addition of 
radiation in women over 70 with stage T1N0, hormone-
receptor-positive breast cancer who received endocrine 
therapy, with no improvement in metastasis-free survival 
or mastectomy-free survival. This study led to the adop-
tion of RT omission as a guideline-concordant treatment 
option for women over 70 who meet the CALGB eligibil-
ity criteria [7]. While a great deal of ongoing work seeks 
to further expand this low-risk cohort, at this time no 
other population of women with invasive breast cancer 
who undergo breast-conserving surgery has been identi-
fied who can safely avoid RT outside the context of a 
research study [4, 8, 9].

Despite strong data and clear national guidelines sup-
porting the use of adjuvant RT after BCS in women with 
invasive breast cancer < 70 years of age, it has been known 
for some time that many eligible women do not receive 
the recommended RT.4 Previous studies have demon-
strated disparities in the appropriate receipt of adjuvant 
RT in certain demographic groups with overall rates of 
RT use varying from 65 to 95% [10, 11]. Factors iden-
tified as associated with inadequate receipt of RT have 
included race, ethnicity, age, and geographic location. In 
a recent analysis of the Surveillance, Epidemiology and 
End Results registry database (SEER) from 2004 to 2009, 
it was shown that African American women ages 40–85 
were nearly 20% less likely to receive post-lumpectomy 
radiation [12]. In a similar analysis of the SEER data-
base looking specifically at patients with locally advanced 
breast cancer requiring RT, both African Americans and 
Hispanics were significantly less likely than white females 
to receive appropriate RT [13]. These disparities in receipt 
of appropriate RT have been found to extend to patients of 
lower socioeconomic status as well [14]. Most concerning 
is the finding that these inadequacies in care translate to 
inferior outcomes and even survival in these groups [15, 
16].

The National Cancer Database (NCDB) is an oncol-
ogy database that is jointly sponsored by the American 
College of Surgeons and the American Cancer Society. 
It includes over 1500 accredited facilities and represents 
over 70% of newly diagnosed cancer cases in the U.S. 
nationwide. Data are available going back to 2004, and 
the NCDB is well suited to examine trends in the use of 
RT in this population, as it includes comprehensive details 
on radiation treatment course as well as socioeconomic 
characteristics such as race, income, and education. While 
disparities in the utilization of radiation are well estab-
lished, temporal trends in both RT utilization after BCS 
and specifically in disparities have not been examined 
since the establishment of the NCDB. We sought to evalu-
ate trends in patterns of RT use over a 10-year period, as 
well as the impact of race, ethnicity, and socioeconomic 

factors on the receipt of standard-of-care RT in women 
under 70 with invasive breast cancer who undergo breast-
conserving surgery.

Materials/methods

Using the NCDB, we identified women under age 70 who 
were diagnosed with invasive breast cancer and under-
went BCS from 2004 to 2014. Any patient with stage IV 
disease or incomplete demographic data was excluded 
from the analysis, as were patients in whom radiation 
data were incomplete. We examined the rate of utiliza-
tion of RT in this population over each year of the study 
period.

The association between patient characteristics and the 
receipt of radiation therapy over the entire time period 
was evaluated using univariate analysis, (χ2 tests for cat-
egorical variables). All the variables with a significance 
level of p < 0.05 in the univariate analysis were included 
in the logistic regression model to assess the multivariate 
relationship between patient characteristics and the prob-
ability of a woman receiving radiation therapy. Least abso-
lute shrinkage and selection operator (LASSO) regression 
with cross-validation was performed. Lambda that gives 
minimum mean cross-validated errors was used to select 
variables in the final model.

Annual rates of radiation therapy use by facility type, 
facility location, age, insurance status, travel distance from 
the treatment facility, annual median income, race, ethnic-
ity, proportion of population without high school diploma, 
and comorbidity were calculated, with adjustment of all 
other factors in the multivariate logistic model.

To evaluate change in effects of factors over time, mul-
tivariate logistic regression models on subset data were 
performed. Specifically, the multivariate logistic regres-
sion model was used on data from patients included in the 
study diagnosed only during the first and last years of the 
analysis, 2004 and 2014. We included interaction terms 
between each factor with year of diagnosis (e.g., 2004 vs 
2014) to assess statistically significant differences in the 
effect of each factor between the 2 years. To verify down-
ward trends observed, results were checked using various 
inclusion criteria. This included limiting the study cohort 
to only those with invasive ductal carcinoma, including 
patients with missing demographic data, as well as further 
stratifying patients by age for analysis. Additionally, the 
distribution of covariates was assessed between years to 
ensure comparability.

All analyses were performed in R 3.4.3 (glmnet package 
was used for cross-validation and emmeans package for 
comparing estimated marginal means).
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Results

A total of 501,733 patients met inclusion criteria for this 
study. Table 1 shows the percent of patients who did or did 
not receive radiation by socioeconomic and demographic 
characteristics, and by year. The percentage of patients 
undergoing adjuvant RT increased from 86.7% in 2004 to 
a peak of 92.4% in 2012, and then decreased in 2013 and 
2014 to 88.9%.

On univariate analysis taking into account the full time 
period, patients of white race were significantly more likely 
to receive RT compared with patients of black race (90.4% 
vs 86.9%, p < 0.0001). This difference was also seen between 
those of non-Hispanic and Hispanic ethnicity (90.2% vs. 
85.3%, p < 0.0001). Both insurance status and median 
income were significantly associated with receipt of RT: 
patients with private insurance were most likely to undergo 
RT (90.9%) compared to patients with Medicare (88.3%), 
Medicaid (86.8%), and those without insurance (84.7%) 
(p < 0.0001). Those in the highest income group of $63,000 
or more had the highest rates of RT at 90.6%, compared with 
the lowest rates (87.9%) in those making less than $38,000 
per year (87.9%) (p < 0.0001) (Table 1).

Differences were also observed based on treating facility 
characteristics. The rate of RT utilization decreased with 
increasing distance from treatment facility, with those liv-
ing more than 27.8 miles from treating facility being least 
likely to receive RT (p < 0.0001). The highest rates of RT 
were seen at integrated network cancer programs (INCP) 
(90.6%) and the lowest rates in community cancer programs 
(CCP) (88%). Patients living in the South had the lowest RT 
rates (85.9%), while the highest rates were seen among those 
patients living in the North (93%) (p < 0.0001). Patients were 
also analyzed by Charlson Comorbidity Score (CDCC), with 
0 indicating no comorbid conditions, and 2 indicating two or 
more comorbidities (such as myocardial infarction, diabetes, 
and renal disease). Those patients with CDCC of 0 were 
most likely to receive radiation (90.2%) compared to those 
with CDCC of 2 or more, of whom only 85.9% received 
necessary RT (p < 0.0001).

On multivariate analysis, race, ethnicity, insurance sta-
tus, education level, CDCC, and age remained significantly 
associated with receipt of RT (Table 1, far right column). 
For facility characteristics, distance from treating facility, 
geographic location, and facility type remained significant 
as well.

We also evaluated trends over time in receipt of radia-
tion, specifically comparing the first and last year from avail-
able data (Table 2; Fig. 1). Overall rates of radiation receipt 
increased steadily between 2004 and 2012 when it peaked at 
92.4%. A decline in overall rates was then seen from 2013 to 
2014 when rate was 88.9%. As seen in Fig. 1, this trend was 

observed across all subgroups analyzed, and was not isolated 
to any specific patient characteristic.

Also notable was that gaps remained stable over time 
despite the overall trends seen before and after 2012. This is 
highlighted with both race and insurance status. In Fig. 1e, 
it is seen that the largest disparity in receipt of radiation by 
race is between black and white patients, and this was seen 
across all time points. Although OR for radiation receipt 
increased from 0.67 (2004) to 0.74 (2014), interaction term 
remained non-significant (Table 2) suggesting no meaning-
ful improvements over time.

Similarly, as seen in Fig. 1b, those patients with private 
insurance consistently received RT at the highest rates, with 
the greatest gap between those with private insurance vs 
those uninsured. These trends were also seen when analyzed 
by facility location, with those patients diagnosed in the 
South consistently exhibiting the lowest rates of radiation 
receipt over time (Fig. 1a). When considering distance to 
treatment facility, however, there was a significant narrow-
ing of differences seen for those patients living > 27.8 miles, 
as seen by the narrowing of curves in Fig. 1c between 2004 
and 2014. Specifically, compared to those living > 27.8 miles 
from treatment facility, there was a narrowing in the differ-
ence in receipt of treatment compared to those living within 
6.3 miles (odds ratio [OR] 1.65; 95% CI 1.5–1.81 in 2004 
vs 1.29; 1.19–1.4 in 2014). Figure 1f demonstrates that the 
decrease in rates of RT use in recent years was seen in both 
younger and older women.

Discussion

Our analysis demonstrates persistent disparities in appropri-
ate receipt of adjuvant RT after lumpectomy that spans soci-
oeconomic, ethnic, and racial groups and appears persistent 
over the last decade. In addition, the rate of utilization of RT 
in this population has a consistent pattern of increase from 
2004 to 2012 (86.7–92.4%) followed by a decrease from 
2012 to 2014 (92.4–88.9%), which is not readily explained.

The literature and guidelines supporting the use of RT in 
the population we have analyzed are clear [3, 4, 17]. A great 
deal of work is ongoing to identify patients at a particularly 
low risk of recurrence, including those under 70 years of 
age with low-risk features, from the perspective that tumor 
biology, rather than age, is the most important determinant 
of risk. Current studies are evaluating the omission of RT in 
younger post-menopausal women, using markers of tumor 
biology such as the 21-gene recurrence score (Individual-
ized Decisions for Endocrine Therapy Alone, IDEA) and the 
Prediction Analysis of Microarray-50, or PAM-50 (Profiling 
Early Breast Cancer for Radiotherapy Omission, PRECI-
SION) [8, 9]. The PRIME II study, which closely mirrors the 
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Table 1  Association between receipt of radiation and patient characteristics: univariate and multivariate analysis

Univariate analysis Multivariate analysis

Radiation no. (%) No radiation no. (%) p value Odds ratio (95% 
confidence interval)

Total 451,422 50,311
Year of diagnosis
 2004 31,739 (86.7%) 4859 (13.3%) < 0.0001 1 [reference]
 2005 33,880 (86.8%) 5164 (13.2%) 1.02 (0.97, 1.06)
 2006 36,503 (88%) 4975 (12%) 1.14 (1.09, 1.19
 2007 37,597 (88.4%) 4911 (11.6%) 1.2 (1.15, 1.25)
 2008 38,658 (89.6%) 4511 (10.4%) 1.36 (1.3, 1.42)
 2009 41,146 (90.9%) 4136 (9.1%) 1.6 (1.53, 1.67)
 2010 41,957 (92.1%) 3613 (7.9%) 1.88 (1.8, 1.97)
 2011 45,864 (92.4%) 3752 (7.6%) 2 (1.91, 2.09)
 2012 47,009 (92.4%) 3885 (7.6%) 1.99 (1.9, 2.08)
 2013 48,390 (91.6%) 4455 (8.4%) 1.79 (1.72, 1.87)
 2014 48,679 (88.9%) 6050 (11.1%) 1.32 (1.27, 1.38)

Age
 18–50 110,796 (89.8%) 12,605 (10.2%) < 0.0001 1 [reference]
 51–60 269,411 (90.4%) 28,527 (9.6%) 1.04 (1.02, 1.06)
 66–70 71,215 (88.6%) 9179 (11.4%) 0.94 (0.91, 0.98)

Race
 White 384,466 (90.4%) 40,821 (9.6%) < 0.0001 1 [reference]
 Black 48,810 (86.9%) 7366 (13.1%) 0.7 (0.68, 0.72)
 Others 18,146 (89.5%) 2124 (10.5%) 0.95 (0.91, 1)

Hispanic origin
 Non-Hispanic 429,868 (90.2%) 46,602 (9.8%) < 0.0001 1 [reference]
 Hispanic 21,554 (85.3%) 3709 (14.7%) 0.7 (0.67, 0.73)

Facility type
 Academic/research 134,264 (89.8%) 15,252 (10.2%) 1 [reference]
 Community 47,613 (88%) 6481 (12%) < 0.0001 0.81 (0.79, 0.84)
 Comprehensive community 219,808 (90.4%) 23,391 (9.6%) 1.08 (1.06, 1.11)
 Integrated network 49,737 (90.6%) 5187 (9.4%) 1.1 (1.06, 1.14)

Facility location
 East 205,379 (90%) 22,856 (10%) < 0.0001 1 [reference]
 North 112,080 (93%) 8411 (7%) 1.46 (1.43, 1.5)
 South 49,743 (85.9%) 8180 (14.1%) 0.72 (0.7, 0.74)
 West 84,220 (88.6%) 10,864 (11.4%) 0.84 (0.82, 0.87)

Insurance status
 Private insurance/managed care 318,634 (90.9%) 31,776 (91%) 1 [reference]
 Not insured 8682 (84.7%) 1574 (15.3%) < 0.0001 0.63 (0.59, 0.66)
 Medicaid 27,578 (86.8%) 4199 (13.2%) 0.74 (0.71, 0.76)
 Medicare 91,560 (88.3%) 12,156 (11.7%) 0.78 (0.75, 0.8)
 Other government 4968 (89.1%) 6069 (10.9%) 0.87 (0.8, 0.95)

Income
 > $63,000 179,923 (90.6%) 18,689 (9.4%) < 0.0001 1 [reference]
 $48,000–$62,999 121,091 (90.4%) 12,889 (9.6%) 1.07 (1.04, 1.1)
 $38,000–$47,000 90,862 (89.6%) 10,551 (10.4%) 1.07 (1.03, 1.1)
 < $38,000 59,546 (87.9%) 8182 (12.1%) 1.07 (1.03, 1.12)

Education (% without a high school diploma)
 ≥ 21% 59,844 (87%) 8952 (13%) < 0.0001 1 [reference]
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CALGB study but includes women 65 and over, published 
5-year follow-up in 2015, and similarly to CALGB shows 
a very small reduction in the risk of local recurrence with 
the addition of RT [5, 6]. Based on PRIME II, some prac-
tices may have adopted age 65 as a reasonable cut-off for 
RT omission, though based on the short follow-up, NCCN 
guidelines still reflect an age of 70 or older as appropriate for 
RT omission. Importantly, in 2014, the last year of our anal-
ysis, PRIME II had not been published, and the IDEA and 
PRECISION studies were not yet open. Thus, while there 
is a growing interest in RT omission in younger patients, 
during the time period we studied, there were no published 
data and no national studies to explain the decrease in RT 
use from 2012 to 2014. In addition, the decrease in RT uti-
lization was seen in all age groups under 70, as shown in 
Fig. 1f and Table 2.

In addition to age, another possible cause for the observed 
reduction in RT utilization could be in the increased atten-
tion given to secondary risks of radiation, including the risk 
of ischemic heart disease that garnered increased attention 
after the publication of the paper by Darby et al. [18]. This 
study linked increased rates of major coronary events to radi-
ation dose to the heart, with events starting within 5 years 
of treatment. Again, the timing of this publication does not 
fully explain the observed findings.

Since the observed decline is not explained by changes 
in literature or guidelines during this period, we ran addi-
tional analyses to ensure that this was not reflective of an 
error in our study method. Our analysis was repeated on a 
broader cohort of patients inclusive of those with missing 
demographic data, to ascertain whether omission of these 
patients translated to a systematic underrepresentation of 
certain patients. The same trend, with decline in rates of RT 
after 2012, was observed. This same downward trend in RT 

rates was also seen in each individual cohort when analyzed 
by racial and socioeconomic group as well as all age groups, 
suggesting a more systemic cause for omission.

Albeit unexplained, this downward trend across all groups 
is a concerning finding in our study that warrants close atten-
tion in coming years to establish if there is persistent decline. 
During the period of analysis, the use of adjuvant RT in 
breast-conserving therapy represents a standard in women 
included in the study, and omission of RT in this popula-
tion thus represents a deviation from optimal breast cancer 
management.

Our analysis also identifies significant disparities in RT 
receipt based on multiple socioeconomic and demographic 
factors including treating facility type, distance to facility, 
race, ethnicity, and education level. Most concerning, per-
haps, is that little improvement in these gaps was observed 
over a 10-year period. These findings have been reported in 
previous studies as well, noted at both the state and national 
level. In another large database analysis, Yeboa et al. per-
formed a SEER analysis of disparities in the receipt of RT 
in Stage I breast cancer from 2004 to 2009. Similar to our 
results, not only were African American women signifi-
cantly less likely than white women to receive adjuvant RT, 
but disparities persisted across the 6-year study period [12]. 
Although the authors comment that perhaps the economic 
recession at the time could contribute to persistent dispari-
ties through 2009, our results continue to reflect their find-
ings over 5 years later. Data also exist to suggest that these 
gaps in breast cancer care stretch beyond receipt of radiation 
alone. In a study by Dosch et al. of minority populations in 
Florida, both black and Hispanic patients were more likely to 
present with regional and distant disease than localized dis-
ease at the time of diagnosis compared to white women, as 
were women of lower socioeconomic status [19]. In another 

Table 1  (continued)

Univariate analysis Multivariate analysis

Radiation no. (%) No radiation no. (%) p value Odds ratio (95% 
confidence interval)

 13–20.9% 102,502 (89.3%) 12,278 (10.7%) 1.07 (1.03, 1.1)
 7–12.9% 151,745 (90.6%) 15,788 (9.4%) 1.11 (1.07, 1.15)
 ≤ 7% 137,331 (91.2%) 13,293 (8.8%) 1.15 (1.11, 1.2)

Distance from treatment facility (miles)
 ≥ 27.8 60,473 (87.7%) 8504 (12.3%) 1 [reference]
 ≤ 6.3 174,844 (90.7%) 17,924 (9.3%) < 0.0001 1.43 (1.39, 1.48)
 6.4–13.2 125,889 (90.1%) 13,833 (9.9%) 1.3 (1.26, 1.34)
 13.3–27.7 90,216 (90%) 10,050 (10%) 1.25 (1.21, 1.29)

CDCC total
 0 396,731 (90.2%) 43,329 (9.8%) < 0.0001 1 [reference]
 1 46,642 (89.2%) 5657 (10.8%) 0.93 (0.9, 0.96)
 ≥ 2 8049 (85.9%) 1325 (14.1%) 0.7 (0.66, 0.74)
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analysis of the NCDB, black (vs. white) women were less 
likely to receive definitive locoregional therapy, hormonal 
therapy, as well as chemotherapy [20].

The reasons for the above-mentioned gaps in breast can-
cer care between groups is likely multifactorial. As seen 

in our multivariate analysis, distance from treating facility 
was an independent predictor of receipt of radiation and 
highlights the basic lack of access to care as an impediment 
to optimal cancer treatment. Other studies have also dem-
onstrated that minority groups such as African Americans 

Table 2  Comparison of receipt of radiation by factors between 2004 and 2014

2004 2014

OR (95% CI) p value vs reference 
group

OR (95% CI) p value vs reference 
group

p value for 
interaction

Age
 18–50 1 (reference) 1 (reference)
 51–65 1.04 (0.97, 1.11) 0.4445 1.07 (1, 1.15) 0.1211 0.575
 66–70 0.99 (0.87, 1.12) 0.952 0.94 (0.85, 1.04) 0.4059 0.5861

Race
 White 1 (reference) 1 (reference)
 Black 0.67 (0.61, 0.74) < 0.0001 0.74 (0.68, 0.8) < 0.0001 0.1225
 Others 0.91 (0.77, 1.06) 0.3847 0.9 (0.79, 1.02) 0.1689 0.9297

Hispanic origin
 Non-Hispanic 1 (reference) 1 (reference)
 Hispanic 0.75 (0.65, 0.86) < 0.0001 0.69 (0.62, 0.77) < 0.0001 0.3947

Facility type
 Academic/research 1 (reference) 1 (reference)
 Community 0.91 (0.82, 1.02) 0.2454 0.83 (0.76, 0.91) 0.0003 0.2018
 Comprehensive community 1.21 (1.13, 1.3) < 0.0001 1.03 (0.97, 1.1) 0.6086 0.0012
 Integrated network 1.02 (0.92, 1.14) 0.9205 1.19 (1.08, 1.31) 0.002 0.0441

Facility location
 East 1 (reference) 1 (reference)
 North 1.55 (1.42, 1.69) < 0.0001 1.46 (1.35, 1.57) < 0.0001 0.2863
 South 0.86 (0.78, 0.95) 0.0108 0.73 (0.67, 0.79) < 0.0001 0.0079
 West 0.85 (0.79, 0.93) 0.0004 0.88 (0.82, 0.95) 0.0033 0.5419

Insurance status
 Private insurance 1 (reference) 1 (reference)
 Not insured 0.55 (0.46, 0.65) < 0.0001 0.66 (0.55, 0.8) < 0.0001 0.14
 Medicaid 0.77 (0.68, 0.88) 0.0005 0.72 (0.65, 0.8) < 0.0001 0.4292
 Medicare 0.84 (0.76, 0.94) 0.0058 0.75 (0.69, 0.81) < 0.0001 0.0836
 Other government 0.8 (0.59, 1.09) 0.42 0.87 (0.68, 1.1) 0.589 0.6782

Income
 > $63,000 1 (reference) 1 (reference)
 $48,000–$62,999 1.06 (0.97, 1.16) 0.3701 1.05 (0.97, 1.13) 0.5175 0.7849
 $38,000–$47,000 1.14 (1.02, 1.26) 0.0429 0.97 (0.89, 1.06) 0.8399 0.0261
 < $38,000 1.18 (1.03, 1.34) 0.038 0.98 (0.88, 1.1) 0.9705 0.0419

Distance from treatment facility (miles)
 ≥ 27.8 1 (reference) 1 (reference)
 ≤ 6.3 1.65 (1.5, 1.81) < 0.0001 1.29 (1.19, 1.4) < 0.0001 0.0001
 6.4–13.2 1.39 (1.26, 1.53) < 0.0001 1.21 (1.11, 1.32) < 0.0001 0.041
 13.3–27.7 1.43 (1.28, 1.59) < 0.0001 1.19 (1.09, 1.3) 0.0005 0.0109

CDCC total
 0 1 (reference) 1 (reference)
 1 0.92 (0.82, 1.04) 0.3173 1 (0.92, 1.08) 0.9912 0.2962
 2 0.83 (0.62, 1.1) 0.3289 0.73 (0.63, 0.85) < 0.0001 0.4522
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Fig. 1  Receipt of radiation over time
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are more likely to rely on public transportation to reach RT 
facilities, taking 7 times longer than private transportation 
thus representing a significant barrier [21]. Our results also 
demonstrated that those patients with higher CDCC and thus 
more medical comorbidities were less likely to receive RT. 
This may represent both a reluctance on the part of some 
providers to offer RT to those with many competing medical 
issues, or also reflect the difficulty experienced by patients 
in making daily RT appointments if quality of life is already 
effected by other active comorbidities.

It should be noted that our analysis has several limita-
tions. We analyzed receipt of RT after BCS as reported in 
the NCDB; to be captured in the database, patients must be 
treated at a Commission on Cancer (CoC) accredited hospi-
tal. While this includes approximately 70% of newly diag-
nosed cancer cases each year, this represents only 30% of US 
hospitals. Thus, it is possible that there is systematic under-
representation of certain populations in this study cohort, 
true of any analysis done using the NCDB. In addition, this 
analysis should be repeated in other cancer databases as this 
is the first analysis we are aware of to show a decline in RT 
utilization in recent years.

This analysis identifies a concerning downtrend in appro-
priate use of RT after breast conservation surgery in women 
under age 70 across all groups, and highlights persistent dis-
parities in receipt of RT among certain racial, ethnic, and 
socioeconomic groups. These findings are concerning for 
shifting patterns of care that stray from current accepted 
guidelines. Further research into causes of this observation, 
as well as additional analyses of other large cancer data-
bases, are warranted.
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