
Abstract. Background: The Cancer and Leukemia Group B
(CALGB) 9343 trial demonstrated that adjuvant radiation
therapy (RT) can be omitted in women 70 years or older, with
small (≤2 cm), negative lymph nodes, estrogen receptor (ER)-
positive breast cancer. We examined whether RT usage following
the CALGB publication had decreased over time and evaluated
sociodemographic and clinical factors associated with RT
omission. Materials and Methods: From the National Cancer
Data Base, we analyzed a cohort of 120,308 women aged 70
years or older with stage I, ER-positive breast cancer who
underwent lumpectomy. Patients were classified into two groups
based on the time of CALGB 9343 publication: (i) pre-CALGB
(up to 2004), and (ii) post-CALGB (2005-2012).
Clinicopathological and sociodemographic variables were
compared between pre- and post-CALGB groups. Chi-square
and multivariable logistic regression were employed, with the
omission of adjuvant RT as the primary outcome in the
regression analysis. Results: Radiation therapy usage decreased
by 4.1% after CALGB publication (on average 71.6% pre-
CALGB vs. 67.5% post-CALGB; p<0.0001). Almost one-third of

women aged ≥85 years received RT in the post-CALGB group.
In a multivariable model, the variables significantly associated
with increased odds for omission of RT in the post-CALGB
group were: advanced age, African-American, increased great
circle distance, therapy under academic research program,
residents of East South-Central region, living in a rural
population <2,500 not adjacent to a metropolitan area, low
income level, Medicaid recipients, high comorbidity index, small
tumor, well-differentiated histology, residual tumor, and lack of
receipt of chemotherapy and anti-hormonal therapy. Conclusion:
During the study period, the CALGB trial publication had a
minimal impact on the rate of adjuvant RT use among elderly
women with small, ER-positive breast cancers. Significant
variation in RT usage existed across sociodemographic strata. 

In 2004, Cancer and Leukemia Group B (CALGB) 9343
published a compelling phase III trial that demonstrated no
survival difference among elderly women (aged ≥70 years)
with small (≤2 cm) estrogen receptor-positive (ER+) tumors
treated by breast-conserving therapy (BCT) and anti-
hormonal therapy who were randomized to receive or not
receive adjuvant radiation therapy (RT) (1). The authors
posited that adjuvant RT can safely be omitted in this highly
selected group of patients with breast cancer. Subsequent to
CALGB publication, the National Comprehensive Cancer
Network (NCCN) released its national practice guidelines
supporting CALGB’s position in 2004. However, after these
reports, a number of investigators found that the results of
CALGB were not rapidly incorporated into the general
practice of the community. There was minimal impact on
practice patterns following the CALGB publication: absolute
reduction of RT usage following publication was only 4% to
9% over a period of 3-9 years after publication (2-4).
Unfortunately, these reports were either based on large
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administrative databases linked to Surveillance,
Epidemiology, and End Results (SEER) (2,3), highly
selective institutions (4) that may not represent the general
population, or lacked detailed clinical, pathological and
sociodemographic information. Although SEER data are
population-based, they only cover certain US areas. Our study
conducted an analysis to identify factors associated with RT
omission using the National Cancer Data Base (NCDB), and
to our knowledge, this is the largest cohort of patients (over
113,000) who fit CALGB criteria for which such an analysis
has been performed. The purpose of this study was to
examine changes in use of RT pre- and post-CALGB
publication and identify clinical and sociodemographic
factors associated with the omission of adjuvant RT. 

Materials and Methods

Data source. The NCDB is a joint project of the Commission on
Cancer (CoC) of the American College of Surgeons and the American
Cancer Society. More than 1,500 CoC-accredited facilities contribute
clinical information to the database. Approximately 70% of newly
diagnosed cancer cases in the US and 30 million historical records
are captured in the database. Access to NCDB was awarded to the
investigators after having successfully applied for the NCDB
Participant User File (PUF). The data sets in the PUF were de-
identified and were in compliance with the privacy requirements of
the Health Insurance Portability and Accountability Act. The study
was exempted from Institutional Review Board approval by the
Louisiana State University Health Sciences Center-Shreveport.

Study population. A total of 120,308 ER+ breast cancer cases from
2004 to 2012 among women aged 70 years or more, with tumor size
≤2 cm and lymph node-negative disease,who underwent BCT were
analyzed to identify factors significantly associated with omission
of adjuvant RT. The CALGB trial, which included ER+ patients,
lacks data on progesterone receptor (PR) status. We have included
all ER+ patients, regardless of PR status. Patients were classified
into two groups based on the time of CALGB 9343 publication: (i)
pre-CALGB (up to 2004), and (ii) post-CALGB (2005-2012).

According to the NCDB’s PUF dictionary, facility type was
classified as (i) community cancer program, (ii) comprehensive
community cancer program, (iii) academic research program, and
(4) others (5). Community cancer programs are those that treat
between 100 and 500 newly diagnosed patients with cancer each
year, and patients may be referred to another facility for part of their
diagnosis or treatment (5). Comprehensive community cancer
programs are those that treat more than 500 newly-diagnosed
patients each year (5). Academic and research institutions are those
that treat more than 500 newly diagnosed patients each year while
offering postgraduate medical education programs (5).

Facility location was categorized into regions within the United
States based on the US. Census Regions and Divisions: (i) New
England, (ii) Mid-Atlantic, (iii) South Atlantic, (iv) East North
Central, (v) East South Central, (vi) West North Central, (vii) West
South Central, (viii) Mountain, and (ix) Pacific. 

Race/ethnicity was categorized as White, African-American,
American Indian/Aleutian or Eskimo, Asian or Pacific Islanders, and
Others. Insurance status was classified as (i) uninsured, ii) private

insurance/managed care, (iii) Medicaid, (iv) Medicare, and (v) other
governmental insurance. Patients with both private insurance and
Medicare were grouped in the private insurance category. Median
household income level was classified as (i) <$38,000, (ii) $38,000-
$47,999, (iii) $48,000-$62,999, (4) ≥$63,000. Education level was
classified into percentage of adults (age ≥25 years) who did not
graduate from high school in the area based on the 2012 American
Community Survey data: (i) ≥21%, (ii) 13-20.9%, (iii) 7-12.9%, (iv)
<7%. Comorbidity/Deyo score was reported as 0, 1 or 2 (6, 7). 

Population density was classified as (i) metropolitan with ≥1
million residents, (ii) metropolitan with 250,000 to 1 million, (iii)
urban with <250,000, (iv) urban with ≥20,000 and adjacent to a
metropolitan area, (v) urban with ≥20,000 but not adjacent to a
metropolitan area, (vi) urban with <20,000 and adjacent to a
metropolitan area, (vii) urban with <20,000 but not adjacent to a
metropolitan area, (viii) rural with <2,500 and adjacent to a
metropolitan area, and (ix) rural with <2,500 but not adjacent to a
metropolitan area. Great circle distance is measured in miles and
defined as being that between the patient’s residence at diagnosis
and the hospital that reported the case.

Statistical analysis. The nonparsimonious approach using age,
ethnicity, etc. was used to construct models. The percentage of
patients who did not receive RT was calculated across strata of
covariates for the pre- and post-CALGB groups, and Chi-square
tests were used to compare the pre- and the post-CALGB group
results. The absolute percentage change between the samples of
each stratum of covariates was also calculated. 

Multivariable logistic regression analysis was applied to adjust for
the covariates when determining the independent significant factors
associated with omission of RT usage, and the results are reported
using odds ratio (OR) and 95% confidence interval (CI). Differences
with a p-value of 0.05 or less was considered statistically significant.
All statistical analyses were performed using SAS Version 9.4
statistical software, (SAS Institute Inc., Cary, NC, USA).

Results

Postoperative RT was omitted in 32.1% of the 120,308
women with breast cancer (Table I). Table I shows results
from the Chi-Square test comparing the distribution of
variables associated with omission of RT for the two-time
periods. Approximately 28.4% of patients in the pre-CALGB
group omitted RT versus 32.5% in the post-CALGB group
(p<0.01). This translates to an absolute decrease of 4.04%
in RT use following the initial CALGB 9343 report (Table I
and Figure 1). Note that the trend line after year 2004
showed very little variation in the use of RT (Figure 1).
Among the different age groups, the greatest decline in RT
utilization was observed among the octogenarians (ages 80-
84 years). Despite such a decline, 58.4% of patients aged 80-
84 years and 33% of patients aged ≥85 years continued to
receive RT in the post-CALGB group. 

Whites, African-Americans, and Asian/Pacific Islander
experienced significant reduction of RT usage. The absolute RT
reduction for Whites, African-Americans, and Asian/Pacific
Islander was 3.86% (p<0.0001), 6.80% (p=0.001), and 10.42%,
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respectively (p<0.01). Although the majority of cancer programs
witnessed a significant decrease in RT usage, the greatest decline
was seen in those in a community cancer program (5.25%;
p<0.01) followed by academic research program (4.59%;
p<0.01) and comprehensive community cancer program (3.58%;
p<0.01). When examining RT usage among the different regions
of the US, there was wide variation; Pacific followed by New
England regions had the highest decrease in RT usage while
Mid-Atlantic, West North Central, and West South Central had
no significant changes in RT usage (Figure 2). 

Using multivariable logistic regression analyses, the
following variables were found to be independent predictors
of RT omission following CALGB publication: age, ethnicity,
facility type, facility location, population density, great circle
distance, primary payor, income, comorbidity index, tumor
size, grade, status of surgical margins, and lack of receipt of
chemotherapy and anti-hormonal therapy (Table II). When
analyzed in greater detail, the following were associated with
a higher likelihood of RT omission: advanced age (≥85
years), African-American race, academic research programs,
East South Central, South Atlantic, and New England regions,
Medicaid recipients, low income level, high comorbidity
index, small tumors, positive margins, and lack of
chemotherapy and anti-hormonal therapy. 

Octogenarians ≥85 years were more likely not to receive
RT than those aged 70-74 years (OR=7.90, 95% CI=7.51-
8.30). Compared to White patients, African-American patients
were more likely not to receive RT (OR=1.11, 95% CI=1.04-
1.19). Academic research programs were more likely to omit
RT compared to community cancer programs (OR=1.14, 95%
CI=1.08-1.21). Compared to Pacific region, East South-
Central region (OR=1.32, 95% CI=1.21-1.43), South Atlantic
region (OR=1.l8, 95% CI=1.11-1.24), and New England
region (OR=1.12, 95% CI=1.04-1.20) were more likely to
omit RT. Patients residing ≥50 miles from the hospital that
reported the case were more likely not to receive RT than
those residing <50 miles (OR=1.36, 95% CI=1.26-1.47). 

Compared to those with private insurance, those with
Medicaid were more likely to omit RT (OR=1.25, 95%
CI=1.06-1.49). Those in the lowest income bracket ($38,000)
were more likely not to receive RT compared to those in the
highest income bracket ($63,000) (OR=1.10, 95% CI=1.03-
1.17). Patients with comorbidity/Deyo score of ≥2 were more
likely to omit RT (OR=1.89, 95% CI=1.75-2.05). Compared
to patients whose tumors measured >1.0-2.0 cm, those
measuring >0.1-0.5 cm were more likely to omit RT
(OR=1.22, CI=1.16-1.28). Those with residual tumor were
more likely not to receive RT compared to those without
residual tumor (OR=1.25, 95% CI=1.16-1.34). Patients who
did not receive chemotherapy (OR=1.34, 95% CI=1.21-1.48)
and those who did not receive anti-hormonal therapy were
also more likely not to receive RT compared to those who
did (OR=2.28, 95% CI=2.21-2.36). 

Note that socioeconomic status such as education level
had no significant impact on RT utilization. Table III
summarizes the patterns of RT utilization. Note that in the
pre-CALGB era, 82.9% had external beam radiation; in the
post-CALGB era, 65.1% had external beam radiation, while
13.8% had brachytherapy. Table IV summarizes the findings
of studies that evaluated the impact of CALGB 9343 on
practice patterns across the US. 

Discussion

The National Surgical Adjuvant Breast and Bowel Project
(NSABP) B-06 (8) and the latest publication from the Early
Breast Cancer Trialists’ Collaborative Group (EBCTCG) (9)
established that adjuvant RT after BCT improves outcome
for patients with operable breast cancer. In NSABP B-06, the
cumulative incidence of ipsilateral breast cancer recurrence
20 years after surgery was 14.3% for women who had
adjuvant RT after a lumpectomy versus 39.2% for those with
lumpectomy alone (p<0.01) (10). However, NSABP B-06
inclusion criteria were broad and included women with
tumor measuring up to 4 cm and those with positive lymph
nodes. The EBCTCG reported that adjuvant RT reduces
recurrence and death compared to the non-RT group.
However, the absolute 10-year recurrence reduction was not
uniformly observed across the age strata; younger age groups
(24.6% for those aged <40 years) had a more substantial
reduction in recurrence than the older age groups (17.7% for
those aged ≥70 years) (9). Given the small benefit of RT for
older women, many began to question its utility among
elderly women who were considered to harbor low-risk
breast cancer. 

The CALGB 9343 trial was seminal in that evaluated the
efficacy of radiotherapy after breast-conserving surgery in
older women with low risk breast cancer. It recruited over
600 women ages ≥70 years with estrogen-receptor positive
stage I breast cancer (T1N0M0), who were treated with
breast-conserving therapy and adjuvant tamoxifen (1). The
patients were then randomized to either the adjuvant RT
group or the non-RT group. The initial results published in
2004 found that at a median follow-up of five years, the
incidence of ipsilateral breast recurrence (IBR) or regional
nodal recurrence was 4% in the non-RT group versus 1% for
the RT group (p<0.01). However, there were no significant
differences in breast-cancer specific survival, overall survival
(OS), time to mastectomy, time to distant metastases, and
cancer-specific survival between the two groups, although
the RT arm had significant adverse events such as breast
edema, pain and fibrosis, and retraction (1). These results led
the National Comprehensive Cancer Network (NCCN) to
incorporate into their guidelines that omission of RT in
elderly women who met CALGB criteria should be given
serious consideration (11).
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Table I. Factors associated with omission of adjuvant radiation therapy (Chi-square test).

                                                                                                                                             Not receiving RT, %

Variable                                                                      Total group        Overall         Pre-CALGB        Post CALGB       Absolute change        p-Value
                                                                                  (N=120,308)                              (N=11,172)          (N=109,136)            (pre–post)*

Total patients                                                                                                                      9.3                        90.7                                                          
Overall                                                                              100                  32.1                  28.4                       32.5                         -4.04                  <0.0001
Age (years)                                                                                                                                                                                                                       
   70-74                                                                            36.0                 19.4                  17.6                       19.6                        −1.92                    0.004
   75-79                                                                            30.4                 26.9                  23.6                       27.2                        −3.60                  <0.0001
   80-84                                                                            21.2                 40.9                  34.8                       41.6                        −6.84                  <0.0001
   85+                                                                               12.4                 66.6                  62.4                       67.0                        −4.57                    0.001
Race/ethnicity                                                                                                                                                                                                                  
   White                                                                            91.4                 32.0                  28.5                       32.4                        −3.86                  <0.0001
   African American                                                         5.8                  34.1                  27.9                       34.7                        −6.80                   0.0009
   American Indian, Aleutian, or Eskimo                        0.1                  28.8                  14.3                       29.7                       −15.37                    0.67
   Asian/Pacific Islander                                                  1.5                  26.4                  16.8                       27.2                       −10.42                  0.0067
   Missing, not available, or unknown                            1.2                  35.5                  36.3                       35.4                         0.94                      0.83
Facility type                                                                                                                                                                                                                     
   Community cancer program                                       12.4                 33.0                  28.2                       33.5                        −5.25                  <0.0001
   Comprehensive community cancer center                 62.0                 30.8                  27.5                       31.1                        −3.58                  <0.0001
   Academic research program                                       25.5                 34.9                  30.7                       35.3                        −4.59                  <0.0001
   Other specified type of program                                  0.2                  35.0                  33.3                       35.2                        −1.86                     0.89
Facility location                                                                                                                                                                                                               
   New England                                                                8.2                  35.0                  29.4                       35.6                        −6.20                  <0.0001
   Mid Atlantic                                                                 16.6                 31.3                  29.5                       31.5                        −1.99                     0.07
   South Atlantic                                                              21.5                 34.9                  31.6                       35.2                        −3.63                   0.0004
   East North Central                                                       19.3                 28.9                  25.2                       29.2                        −4.02                  <0.0001
   East South Central                                                        4.5                  35.8                  31.1                       36.2                        −5.11                   0.0351
   West North Central                                                       7.3                  28.6                  25.9                       28.8                        −2.95                     0.09
   West South Central                                                       5.4                  32.7                  30.6                       32.9                        −2.27                     0.28
   Mountain                                                                       4.4                  32.5                  26.8                       33.0                        −6.18                   0.0092
   Pacific                                                                           12.8                 31.8                  26.1                       32.4                        −6.30                  <0.0001
Urban/rural location                                                                                                                                                                                                        
   MA ≥1 million                                                             52.2                 32.7                  30.2                       32.9                        −2.73                  <0.0001
   MA 250,000 to 1 million                                            21.9                 33.0                  26.6                       33.7                        −7.01                  <0.0001
   Urban <250,000                                                            9.9                  28.4                  25.2                       28.7                        −3.56                   0.0128
   Urban ≥20,000 adjacent to MA                                   3.9                  29.0                  22.3                       29.7                        −7.31                   0.0025
   Urban ≥20,000 not adjacent to MA                             1.3                  27.3                  21.8                       27.8                        −5.98                     0.14
   Urban <20,000 adjacent to MA                                   4.1                  29.9                  27.4                       30.1                        −2.65                     0.24
   Urban <20,000 not adjacent to MA                             1.9                  29.4                  24.5                       29.9                        −5.38                     0.11
   Rural <2500 adjacent to MA                                       0.6                  32.7                  31.7                       32.8                        −1.15                     0.84
   Rural <2500 not adjacent to MA                                 0.7                  33.1                  30.7                       33.3                        −2.68                     0.67
   Missing information                                                     3.5                  37.1                  31.6                       37.8                        −6.27                   0.0081
Great circle distance                                                                                                                                                                                                        
   <50 miles                                                                     93.9                 31.8                  28.1                       32.2                        −4.11                  <0.0001
   ≥50 miles                                                                       4.8                  35.7                  33.4                       35.9                        −2.47                     0.28
   Missing information                                                     1.4                  37.3                  32.4                       38.2                        −5.77                     0.08
Primary Payor                                                                                                                                                                                                                  
   Uninsured                                                                      0.3                  37.4                  34.5                       37.7                        −3.19                     0.74
   Private insurance                                                         11.6                 29.2                  26.8                       29.4                        −2.61                   0.0477
   Medicaid                                                                        0.8                  35.1                  28.0                       35.5                        −7.46                     0.28
   Medicare                                                                      85.8                 32.4                  28.6                       32.8                        −4.24                  <0.0001
   Other government                                                         0.3                  33.5                  33.3                       33.5                        −0.20                     0.99
   Missing, not available, or unknown                            1.2                  33.1                  30.2                       33.6                        −3.36                     0.34
Income                                                                                                                                                                                                                              
   <$38,000                                                                      13.1                 33.9                  29.5                       34.4                        −4.91                   0.0001
   $38,000-47,999                                                            22.1                 32.2                  27.2                       32.7                        −5.42                  <0.0001
   $48,00-62,999                                                              27.4                 31.8                  28.0                       32.1                        −4.10                  <0.0001
   $63,000 +                                                                     35.9                 31.4                  28.8                       31.7                        −2.87                   0.0002

Table I. Continued



A long-term update of CALGB 9343 confirmed the
durability of these results (12). With a median follow-up of
12.6 years, the locoregional recurrence rate was 2% in the
RT group versus 10% in the non-RT group (p<0.001); the
10-year OS was not significantly different between the RT
group (67%) and the non-RT group (66%). Although the
locoregional recurrence rate was significantly different, the
authors indicated that the difference was not clinically
significant and concluded that RT can be safely omitted in
this select group of patients (12).

A recent publication from the United Kingdom (PRIME II
trial) also confirmed the permissibility of omitting adjuvant
RT in older women with small breast cancer who underwent
BCT (13). More than 1,300 women ages ≥65 years with ≤3
cm tumor, grade 3 histology or lymphovascular invasion, but
not both, and clear margins were randomized into the RT
versus the non-RT groups. All women received adjuvant
endocrine therapy. After a median follow-up of 5 years, IBR
was 1.3% in the RT group versus 4.1% in the non-RT group
(p=0.0002). Although local relapses were statistically
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Table I. Continued

                                                                                                                                             Not receiving RT, %

Variable                                                                      Total group        Overall         Pre-CALGB        Post CALGB       Absolute change        p-Value
                                                                                  (N=120,308)                              (N=11,172)          (N=109,136)            (pre–post)*

Missing information                                                         1.5                  37.2                  31.9                       38.2                        −6.22                   0.0543
Education**                                                                                                                                                                                                                     
   ≥21%                                                                            11.4                 34.3                  30.8                       34.7                        −3.90                   0.0054
   13-20.9%                                                                      22.4                 32.4                  28.2                       32.8                        −4.56                  <0.0001
   7-12.9%                                                                        35.4                 31.4                  27.8                       31.8                        −3.98                  <0.0001
   <7%                                                                              29.4                 31.6                  28.1                       31.9                        −3.79                  <0.0001
Missing information                                                         1.4                  37.3                  31.8                       38.3                        −6.46                   0.0470
Comorbidities/Deyo score                                                                                                                                                                                               
   0                                                                                    81.9                 30.9                  27.5                       31.2                        −3.76                  <0.0001
   1                                                                                    14.8                 36.1                  33.9                       36.3                        −2.42                     0.08
   2                                                                                     3.3                  44.4                  35.2                       45.0                        −9.84                   0.0023
Tumor size                                                                                                                                                                                                                       
   ≤0.1 cm                                                                         1.8                  33.6                  31.5                       33.9                        −2.39                     0.48
   >0.1-0.5 cm                                                                  12.4                 35.3                  29.2                       35.9                        −6.69                  <0.0001
   >0.5-1.0 cm                                                                  36.5                 32.7                  28.4                       33.1                        −4.70                  <0.0001
   >1.0-2.0 cm                                                                  47.1                 30.6                  27.9                       30.9                        −3.06                  <0.0001
   Missing information                                                     2.2                  34.3                  32.2                       34.7                        −2.49                     0.35
Grade                                                                                                                                                                                                                                
   Well differentiated                                                       38.5                 34.2                  29.8                       34.6                        −4.89                  <0.0001
   Moderately differentiated                                            45.6                 31.1                  27.9                       31.4                        −3.51                  <0.0001
   Poorly differentiated                                                    10.2                 28.3                  26.2                       28.5                        −2.33                     0.09
   Undifferentiated, anaplastic                                         0.1                  26.3                  28.6                       25.8                         2.79                      0.76
   Cell type not determined, unavailable                         5.5                  33.0                  28.2                       33.7                        −5.46                   0.0015
Surgical margins                                                                                                                                                                                                              
   No residual tumor                                                        94.8                 31.6                  27.6                       32.0                        −4.43                  <0.0001
   With residual tumor                                                      4.4                  41.4                  42.0                       41.3                         0.77                      0.72
   Missing information                                                     0.8                  40.2                  37.4                       40.6                        −3.23                     0.51
Chemotherapy                                                                                                                                                                                                                  
   None                                                                             94.5                 32.6                  28.6                       33.0                        −4.36                  <0.0001
   Yes                                                                                 3.3                  18.2                  16.5                       18.3                        −1.86                     0.46
   Missing information                                                     2.2                  32.4                  31.0                       32.6                        −1.58                     0.57
Anti-hormonal therapy                                                                                                                                                                                                    
   None                                                                             32.1                 47.7                  42.4                       48.4                        −5.99                  <0.0001
   Yes                                                                                64.1                 23.9                  18.8                       24.4                        −5.60                  <0.0001
   Missing information                                                     3.8                  38.3                  30.0                       39.4                        −9.33                  <0.0001

CALGB: Cancer and Leukemia Group B; pre-CALGB: up to 2004; post-CALGB: 2005-2012; MA: metropolitan area; RT: radiation.*Percentages
were rounded to nearest 10th. **Percentage of adults (age ≥25 years) who did not graduate from high school in the area based on the 2012 American
Community Survey data.
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Figure 1. Radiation (RT) trends over the decades for elderly patients (≥70 years) with small, estrogen receptor-positive breast cancer treated with
breast-conserving therapy: note that RT utilization remained relatively constant over the decades, despite 2004 publication of Cancer and Leukemia
Group B 9343 trial results.

Figure 2. Absolute reduction (Δ) in administration of radiation therapy (%) over the two calendar periods (up to 2004 and 2005-2012). There was
a wide variation of radiation utilization over the nine different regions of the US following publication of Cancer and Leukemia Group B 9343 trial
results. Note that patients in most regions experienced significant reduction of radiation utilization, except for West North Central region, West
South Central, East South Central and Mid-Atlantic, which did not.



significant, there were no significant differences in axillary
recurrence, breast cancer specific survival or distant
metastasis. The 5-year OS was 93.9% in both groups
(p=0.34) and most of the deaths were attributed to non-breast
cancer related deaths. These authors arrived at the same
conclusion as those investigators of the CALGB 9343 trial. 

Although phase III clinical trials are considered “gold-
standard” for which clinicians depend on to practice evidence-
based medicine, the degree to which they are adopted by the
medical community might not be as dramatic as one might
anticipate. The impact of CALGB 9343 on practice patterns
was evaluated by three recent publications (2-4). Soulos et al.
(2) evaluated 12,925 patients from the Surveillance,
Epidemiology, and End Results (SEER)-Medicare data set and
found that the overall absolute reduction of RT usage
following CALGB publication was approximately 4.3%,
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Variable                                                            Odds       95%        p-Value
                                                                         ratio  Confidence
                                                                                      interval 
                                                                                            
Age (years)                                                                                           
  70-74 (Reference)                                          1.00                              
  75-79                                                              1.54    1.48-1.61   <0.0001
  80-84                                                              2.85    2.74-2.98   <0.0001
  85+                                                                7.90    7.51-8.30   <0.0001
Race/ethnicity                                                                                      
  White (Reference)                                         1.00                              
  African American                                          1.11    1.04-1.19    0.0018
  American Indian, Aleutian, or Eskimo        0.85    0.52-1.40      0.53
  Asian/Pacific Islander                                   0.87    0.76-0.99    0.0344
Facility type                                                                                          
  Community cancer program (Reference)     1.00                              
  Comprehensive community cancer center   0.85    0.81-0.89   <0.0001
  Academic research program                         1.14    1.08-1.21   <0.0001
Facility location                                                                                   
  Pacific (Reference)                                        1.00                              
  New England                                                 1.12    1.04-1.20    0.0022
  Mid Atlantic                                                   0.94    0.89-1.00    0.0501
  South Atlantic                                                1.18    1.11-1.24   <0.0001
  East North Central                                         0.85    0.81-0.91   <0.0001
  East South Central                                         1.32    1.21-1.43   <0.0001
  West North Central                                        0.84    0.78-0.90   <0.0001
  West South Central                                        1.03    0.95-1.11      0.51
  Mountain                                                        1.06    0.98-1.16      0.15
Urban/rural location                                                                            
  MA ≥1 million (Reference)                          1.00                              
  MA 250,000 to 1 million                              1.01    0.97-1.05      0.54
  Urban <250,000                                             0.85    0.80-0.90   <0.0001
  Urban ≥20,000 adjacent to MA                    0.87    0.80-0.95     0.001
  Urban ≥20,000 not adjacent to MA             0.76    0.65-0.87    0.0001
  Urban <20,000 adjacent to MA                    0.96    0.88-1.04      0.27
  Urban <20,000 not adjacent to MA             0.87    0.77-0.99    0.0302
  Rural <2,500 adjacent to MA                       1.02    0.85-1.23      0.81
  Rural <2,500 not adjacent to MA                1.10    0.91-1.32      0.33
Great circle distance                                                                            
  <50 miles (Reference)                                   1.00                              
  ≥50 miles                                                       1.36    1.26-1.47   <0.0001
Primary payor                                                                                       
  Private insurance (Reference)                       1.00                              
  Uninsured                                                      1.34    0.99-1.82      0.06
  Medicaid                                                        1.25    1.06-1.49    0.0088
  Medicare                                                        1.03    0.98-1.08      0.23
  Other government                                          1.03    0.79-1.36      0.81

Variable                                                            Odds       95%        p-Value
                                                                         ratio  Confidence
                                                                                      interval 
  
Income                                                                                                  
  $63,000 + (Reference)                                  1.00                              
  $48,000- 62,999                                            1.08    1.03-1.13     0.001
  $38,000- 47,999                                            1.09    1.04-1.15    0.0012
  <$38,000                                                        1.10    1.03-1.17    0.0061
Education*                                                                                            
  <7% (Reference)                                           1.00                              
  7-12.9%                                                          0.97    0.93-1.01      0.20
  13-20.9%                                                        0.99    0.94-1.05      0.75
  ≥21%                                                              1.04    0.97-1.11      0.28
Comorbidities/Deyo score                                                                   
  0 (Reference)                                                 1.00                              
  1                                                                      1.31    1.25-1.36   <0.0001
  ≥2                                                                  1.89    1.75-2.05   <0.0001
Tumor size                                                                                            
  >1.0-2.0 cm (Reference)                               1.00                              
  >0.5-1.0 cm                                                   1.08    1.05-1.12   <0.0001
  ≤0.1 cm                                                          1.18    1.04-1.34    0.0125
  >0.1-0.5 cm                                                   1.22    1.16-1.28   <0.0001
Grade                                                                                                     
  Well differentiated (Reference)                    1.00                              
  Moderately differentiated                              0.87    0.84-0.90   <0.0001
  Poorly differentiated                                     0.77    0.72-0.81   <0.0001
  Undifferentiated, anaplastic                          0.65    0.41-1.02      0.06
Surgical margins                                                                                   
  No residual tumor (Reference)                     1.00                              
  With residual tumor                                      1.25    1.16-1.34   <0.0001
Chemotherapy                                                                                       
  Yes (Reference)                                             1.00                              
  None                                                              1.34    1.21-1.48   <0.0001
Hormone therapy                                                                                  
  Yes (Reference)                                             1.00                              
  None                                                               2.28    2.21-2.36   <0.0001

MA: Metropolitan area. *Percentage of adults (age ≥25 years) who did
not graduate from high school in the area based on the 2012 American
Community Survey data. Odds ratios and 95% confidence interval
values were rounded to the nearest 10th.

Table II. Results from multivariable logistic regression model used to Identify factors associated with radiotherapy omission post-Cancer and
Leukemia Group B Publication (2005-2012) (N=90,278). The selected variables were based on results from the literature and our chi-square test;
complete case analysis was used to handle the missing data.



which is slightly greater than our finding of 3.37%. Palta et
al. (3) decided to evaluate the entire SEER database and found
an absolute reduction of 6.9% in RT usage following CALGB
publication. Finally, McCormick et al. (4) examined 1,292
patient data from 13 National Comprehensive Cancer Network
(NCCN) centers and found that the absolute reduction in RT
usage was 9% following CALGB publication. 

One of the limitations of using the SEER-Medicare or
SEER data sets is the short interval between publication of
CALGB and last follow-up date [data were based on those
3 years after CALGB publication for Soulos et al. (2) and 5
years for Palta et al. (3)] The limitations with McCormick et
al.’s analysis (4) include a limited number of centers being
evaluated. Of the 23 National Cancer Institute-designated
Cancer Centers, only 13 institutions were represented. Our
analysis using NCDB, on the other hand, is clinical rather
than administrative in nature. NCDB represents 70% of
newly diagnosed cancer cases in the US whereas the SEER
database represents only 28% of the US population.
Regardless of this, the absolute reduction of RT following
CALGB publication was exactly the same between our study
and the SEER-Medicare study (4%). This likely reflects that
CoC hospitals in CoC regions use the same registrar and
registry that submit data to both SEER and CoC. 

One of the advantages with the NCDB is that it has
information on other factors such as comorbidity index,
population density, facility type, and facility location. These
last few variables allow us to understand the variation of
practice patterns among the different regions as well as the
different facilities throughout the US. Our time interval
between publication of CALGB and last follow-up was also
longer (8 years) compared to the other studies. Finally, our
study comprises of over 120,000 patients, making our
analysis not only a robust one, but also the largest one that
also reflects the general practice of the US population. 

A major limitation of our study is the lack of having
complete data on adjuvant treatment, especially for adjuvant
anti-hormone therapy. NCDB fail to capture the use of anti-
hormone therapy in upwards 30% of cases and radiation
therapy in upwards 20% of cases. Such limitation may partly
explain the apparent omission of radiation and endocrine
therapy in the same patients. 

Similar to findings of others, we found that RT usage was
significantly low among those at the extreme of ages and
those with high comorbidity index (2-4). However, even
among those at the extreme of ages, RT usage remains
substantial; almost 33% of octogenarians ages ≥85 years
received RT following CALGB publication. Palta et al. (3)
and McCormick et al. (4) also reported similar observation
in their studies, mainly that between 30%-44% of patients
ages ≥80 years received RT. 

Those patients with smaller tumors were more likely to not
receive RT compared to larger size tumors. This might be

expected since the argument could be made that smaller
tumors may carry a less aggressive course than larger tumors.
What is unexpected is that patients with residual tumor were
less likely to receive RT compared to those with no residual
tumor. The reason behind this is not clear to us. Perhaps
residual tumor is a surrogate marker of older age patients
and/or those with higher comorbidity index. In other words,
older patients or those with high comorbidity index were
more likely to have residual tumor following a lumpectomy,
and because of their presumed fragile status, they were less
likely to be offered RT. Our analysis (not shown) did find a
correlation between advanced age and evidence of residual
tumor. Similarly, there was a direct correlation between
residual tumor and high comorbidity index. What this implies
is that surgeons should make an attempt to achieve negative
margins for those in the extreme of ages and/or high
comorbidity index because they are less likely to receive RT. 

The literature reported that substantial racial disparities exist
in the use of RT after breast-conserving surgery for invasive
breast cancer. Compared to White women, African-American
women were reportedly less likely to receive adjuvant RT
following breast-conserving surgery. In our data, we also noted
that elderly African-American women were less likely to
receive adjuvant RT following breast-conserving surgery. It is
difficult to discern whether this observation was related to the
higher adherence rate to non-use of RT for African-American
women or a reflection of racial/ethnic disparity. 

Academic research programs were more likely to omit RT
following CALGB publication compared to community cancer
programs and comprehensive community cancer centers. Such
institutional differences were also observed by McCormick et
al. (4); even among NCCN institutions, RT omission ranged
from 7-51%. Our data are informative in that they allow
centers across the different regions of the US to evaluate their
practice patterns and determine whether it is necessary to
make changes in order to adhere to evidence-based medicine. 

It has been proposed that resistance to omitting RT may
be due to financial incentives associated with provision of
adjuvant RT (2). Our data appear to support this position.

ANTICANCER RESEARCH 37: 5585-5594 (2017)

5592

Table III. Type of radiation therapy administered 

Regional treatment                          Pre-CALBG,         Post-CALBG, 
modality, N=81,703                                  %                             %

External beam                                         82.9                          65.1
IMRT                                                        4.7                            9.3
Conformal or 3-D                                    5.2                           10.8
Brachytherapy                                          6.3                           13.8
Other type                                                 0.9                            0.9

CALGB: Cancer and Leukemia Group B; pre-CALGB: up to 2004;
post-CALGB: 2005-2012; IMRT: intensity-modulated radiation therapy;
3-D: 3-dimensional.



Medicaid patients were more likely not to receive RT
compared to those with private insurance.

Another plausible explanation for the low adoption is
provider biases and differences in interpretation of clinical
trials (4). It is thought that the medical community is more
likely to respond to trials that add new treatment rather than
withholding old ones (2, 4, 14). Finally, at the time of the
initial CALGB results, clinicians might have felt that it was
too early to embrace the new guideline given that the 5-year
median follow-up time of the study was considered
insufficient (2). Perhaps given longer follow-up results for
CALGB 9343 (12) and the recent PRIME II validation study
(13), we might see a more dramatic adoption of omitting RT
use over time. However, whether or not this will actually
happen will not be known for years to come. 

One of the arguments in favor of use of RT is that not all
70-year-olds are the same. It has been estimated that the life
expectancy of a 70-year-old woman is more than 16 years
(15). Although survival may not be affected by RT, recurrence
can impose a psychological burden for which its importance
should not be minimized. An alternate RT modality (i.e.
brachytherapy) that imposes fewer burdens on patient time
and schedule may partly explain the low adoption rate. In our

study, we found that while 83% of patients had external beam
radiation in the pre-CALGB era, this decreased to 65% in the
post-CALGB era (Table III). Brachytherapy usage increased
from 6.3% in the pre-CALGB era to 13.8% in the post-
CALGB era. The shorter time that it takes for a patient to
complete RT with brachytherapy (i.e. 5-day course with
brachytherapy versus 5 days per week for up to 6 weeks with
external beam radiotherapy) may be a compelling argument
in favor of continued utilization of RT, especially for those
who are medically fit. 

Finally, with our large data analysis showing poor rates of
acceptance of RT omission in low-risk elderly patients, along
with growing level I evidence supporting the safety of
omitting RT in this patient population, it may be time to
acknowledge and integrate omission of RT as part of the
CoC benchmark for low-risk elderly patients undergoing
breast-conserving therapy.

Conclusion

In summary, we report an analysis of the largest series of
patients (120,308) who fit CALGB 9343 criteria and
evaluated the practice patterns of omitting adjuvant RT since
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Table IV. Summary of literature evaluating impact of Cancer and Leukemia Group B (CALGB) 9343 trial.

Author, year (Ref)                               Database                          N                  Absolute reduction of RT                            Factors associated
                                                                                                                           post CALGB publication                              with RT omission

Soulos et al., 2012 (2)                   SEER-Medicare                12,295                                 4%                                                  Increasing age
                                                                                                                                                                                             High comorbidity index
                                                                                                                                                                                  Unmarried or unknown marital status
McCormick et al., 2014 (4)                  NCCN                        1,292                                  9%                                              No axillary surgery
                                                                                                                                                                                                       Small tumor
                                                                                                                                                                                             High comorbidity index
                                                                                                                                                                                      Varied among NCCN institution
Palta et al., 2015 (3)                              SEER                        40,583                                 7%                                                  Increasing age
                                                                                                                                                                                                       Small tumor
                                                                                                                                                                                                  High tumor grade
                                                                                                                                                                                                       Right breast
Current study                                         NCDB                      120,308                             4.04.%                                               Increasing age
                                                                                                                                                                                                  African-American
                                                                                                                                                                                             High comorbidity index
                                                                                                                                                                                                       Small tumor
                                                                                                                                                                                                   Low tumor grade
                                                                                                                                                                                                    Residual tumor
                                                                                                                                                                                                  No chemotherapy
                                                                                                                                                                                           No anti-hormonal therapy
                                                                                                                                                                                                         Medicaid
                                                                                                                                                                                                      Low Income
                                                                                                                                                                                                       Far distance
                                                                                                                                                                                                     Facility type*
                                                                                                                                                                                                  Facility location*
                                                                                                                                                                                                Population density*

SEER: Surveillance, Epidemiology, and End Results; NCCN: National Comprehensive Cancer Network; NCDB: National Cancer Data Base. *Varied
(see text). 



the publication of CALGB 9343. We found that although
there were statistically significant differences in the decrease
in RT use between the groups, the absolute differences were
incredibly small, and likely not clinically significant. Thus,
there was a minimal impact (~4% reduction in RT usage) on
practice patterns following CALGB publication. Specific
socioeconomic factors such as education level had no
bearing on the rate of RT utilization. Omission of RT was
more likely among elderly patients with small, ER+ breast
cancer with the following criteria: extreme age group, high
comorbidity index, therapy under an academic research
program, higher great circle distance to treatment center,
small tumor size, well-differentiated histology, residual
tumor, and lack of receipt of chemotherapy and anti-
hormonal therapy. Omission of RT also varies widely based
on geographic location.
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