1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Breast Cancer Res Treat. Author manuscript; available in PMC 2018 April 01.

-, HHS Public Access
«

Published in final edited form as:
Breast Cancer Res Treat. 2017 April ; 162(2): 317-328. doi:10.1007/s10549-017-4120-0.

Utilization Trend and Regimens of Hypofractionated Whole
Breast Radiation Therapy in the United States

Yasmin Hasan, MD?, Joseph Wallerl, Katharine Yao, MD?, Steven J. Chmura, MD, PhD1, and
Dezheng Huo, MD, PhD3"
!Department of Radiation & Cellular Oncology, University of Chicago, Chicago, IL

2Department of Surgery, NorthShore University HealthSystem, Evanston, IL

SDepartment of Public Health Sciences, University of Chicago, Chicago, IL

Abstract

Purpose—We aimed to evaluate the adoption of hypofractionated whole breast irradiation (HF-
WABI) over time and factors related to its adoption for patients undergoing lumpectomy. We also
examined whether HF-WBI can increase the overall use of radiotherapy.

Methods—Using data from the National Cancer Database between 2004 and 2013, we identified
528,051 invasive and 190,431 ductal carcinoma in situ (DCIS) patients who underwent
lumpectomy. HF-WBI was defined as 2.5-3.33 Gy/fraction to the breast, whereas conventional
therapy (CF-WBI) was defined as 1.8-2.0 Gy/fraction.

Results—The usage of HF-WBI among invasive cancer patients increased from 0.7% in 2004 to
15.6% in 2013 and among DCIS patients, HF-WBI increased from 0.4% in 2004 to 13.4% in
2013. However, these changes only leaded to a slight increase in the overall use of radiotherapy.
Interestingly, for DCIS patients who lived =50 miles from hospitals, the uptake of HF-WBI
translated to a moderate increase in the overall use of radiotherapy (58% in 2004 to 63% in 2013).
Multivariable logistic regression showed that older age, node negative or smaller tumor, living in
mountain states, rural area or =50 miles from hospitals, and treated in large or academic cancer
centers were associated with elevated HF-WBI use. The median duration of finishing radiotherapy
for HF-WBI was 26 days, compared to 47 days for CF-WBI.

Conclusions—Although HF-WBI can save 3 weeks of patient time, its adoption remained low
in the US. There was only a slight increase in the overall use of radiotherapy among patients
undergoing lumpectomy.
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INTRODUCTION

Conventional fractionated whole-breast irradiation (CF-WBI) therapy, delivered over 5-7
weeks, has been the standard early stage breast cancer treatment after breast-conserving
surgery (BCS), as established by multiple randomized trials comparing adjuvant WBI to
non-adjuvant treatment [1]. A modified version of the treatment, hypofractionated whole
breast irradiation (HF-WBI), is usually delivered in 16 fractions over about three weeks, and
has been shown to be as effective as the conventional treatment. Four randomized trials have
concluded that HF-WBI has local recurrence rates and disease-free survival rates that are
comparable to CF-WBI [2-6]. Additionally, similar rates of toxicity have been reported
between the two fractionation schemes [2, 5, 6]. These trials evaluated several variation of
HF-WBI dose schedule, including 42.5 Gy in 16 fractions over 3 weeks [5], 39 Gy, 42.9 Gy
or 41.6 Gy in 13 fractions over 5 weeks [2, 4], and 40 Gy in 15 fractions over 3 weeks [3].
The initial results of the four randomized trials were published between 2002 and 2008.
ASTRO published guidelines in 2011, supporting the use of HF-WBI for patients who are
older than 50 years, have pT1-2NO tumor, and are not treated with chemotherapy [7].

Several studies have showed that the use of HF-WBI therapy has increased in the United
States [8-10], but detailed information are lacking as to which HF-WBI doses were adopted
in practice, how long HF-WBI can be finished in practice, and whether boost radiation was
taken after HF-WBI. In addition, previous studies have examined trend of HF-WBI uptake
2011 or earlier in general population or Medicare population [8, 10], but it is unclear if the
uptake of HF-WBI has changed after the publication of the ASTRO guidelines. NCCN
guidelines support post-BCS irradiation except for women =70 years of age with lymph
node-negative, estrogen receptor-positive, and T1 breast cancer (https://www.nccn.org), and
the percentage of post-BCS irradiation is one of quality care measures endorsed by National
Quality Forum (http://www.qualityforum.org). Therefore, it is important to know if the
update of HF-WBI can lead to higher overall use of radiotherapy among patients undergoing
BCS or just a redistribution of CF-WBI.

We analyzed trends in HF-WBI use and implementation in the US using the National Cancer
Database (NCDB), a joint project between the American College of Surgeons and the
American Cancer Society that collects hospital registry data covering approximately 70% of
new breast cancer cases in the US. The NCDB has extensive information on radiation
dosages, treatment schedules, fractions, radiation fields, boost fields, and therefore is an
ideal dataset to examine HF-WBI radiation. With this database we are able to evaluate trends
in HF-WBI use and factors related to its use compared to CF-WBI. We are also able to
document the variation in the dose, fraction, boost regimen, and duration of HF-WBI among
different facility types and locations across the country. The findings from this study will
help clinicians understand which patients are more likely to receive HF-WBI, the
fractionation schemes most commonly used (with and without boost), and the factors related
to lower frequencies of HF-WBI implementation.

The aims of this study were three-fold. First, we analyzed the trend in HF-WBI
implementation in the US between 2004 and 2013, and examined whether an increase in
usage of the HF-WBI modality resulted in an increase in overall radiotherapy usage among
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breast cancer patients that had received breast-conserving surgery. Second, we investigated
factors related to the adoption of HF-WBI by comparing patients receiving HF-WBI and
those receiving CF-WBI. Finally, we documented the variation in the dose, fraction, boost
regimen, and duration of HF-WBI in the practices in the US.

MATERIALS/METHODS
Study Samples

For this study, data from the NCDB from 2004 to 2013 were used. The study included
women who had first cancer diagnosis of breast cancer, had all or part of their first course
treatment performed at the reporting facility, and received breast conserving surgery. Patients
with ductal carcinoma in situ (DCIS) and patients with invasive breast cancer who had
AJCC pT1-2NO-1 disease were included. Patients who underwent neoadjuvant therapy, had
pT3-4N2-3 disease and underwent mastectomy were excluded.

Outcome Measures

In the NCDB, total fractions of radiation, dose to the breast, boost dose, and total days
undergoing radiotherapy were recorded. For each patient, we separated the total fractions of
radiation therapy into fractions to the breast and fractions in boost radiotherapy, by
evaluating the doses to breast and boost, and total days of radiotherapy. Then, we calculated
dose per fraction to the breast and dose per fraction in the boost radiotherapy. HF-WBI was
defined as 2.5-3.33 Gy per fraction to the breast, whereas CF-WBI was defined as 1.8-2.0
Gy per fraction.

Statistical Analysis

We conducted the analysis in three steps. First, we examined the trend of all radiation
modalities (including HF-WBI) use from 2004 to 2013 among all patients receiving
lumpectomy. In this analysis, women =70 years of age with clinically lymph node-negative,
estrogen receptor-positive, and T1 breast cancer were excluded because studies have showed
that this group of patients is not always necessary to receive whole breast irradiation [11, 12]
(https://lwww.ncen.org). In order to examine whether an increase in implementation of the
HF-WBI modality resulted in an increase in overall radiotherapy usage, we analyzed the
overall trend of all radiotherapy implementation. The analysis was separated for patients
with invasive cancer, DCIS, and patients who were age =50 years, pT1-2NO0 disease, and did
not receive chemotherapy. The last subgroup represents patients who had been
recommended for HF-WBI by ASTRO in 2011 [7]. We also conducted a trend analysis for
patients who lived 50 miles or more away from reporting facilities to gauge if adoption of
HF-WBI resulted in an increase in overall radiotherapy usage because inconvenience may be
an important reason for low radiotherapy usage in these patients.

Next, we compared patients undergoing HF-WBI with patients undergoing CF-WBI using
logistic regression, in order to identify factors related to HF-WBI use. Patient demographic,
clinical, and pathologic characteristics were examined, as well as facility-related factors. The
analysis for invasive cancer and DCIS was stratified separately. From these multivariable
logistic regressions, adjusted odds ratios (OR) and 95% confidence intervals (CI) were
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calculated. Finally, to find the most common HF-WBI radiotherapy regimens in practice, we
tabulated all the combination of radiation dose/fraction to the breast, and dose/fraction
during boost. All statistical analyses were conducted using Stata 14 (Stata Corporation,
College Station, TX).

Trend of HF-WBI and Other Radiotherapy Modalities

A total of 718,482 post-lumpectomy breast cancer patients (528,051 invasive breast cancer
and 190,431 DCIS patients) from 2004 to 2013 were included in this analysis. Figure 1
shows the trend of different types of radiotherapy over time among breast cancer patients
who received lumpectomy. The usage of HF-WBI post-BCS among invasive cancer patients
increased from 0.7% in 2004 to 15.6% in 2013 (p<0.001, Figure 1A). Because of a
corresponding decrease in CF-WBI, the increased usage of HF-WBI only slightly increased
the overall use of radiotherapy (83.1% in 2004 to 90.0% in 2011 and 86.1% in 2013,
p<0.001). Among DCIS patients (Figure 1B), HF-WBI therapy increased from 0.4% in 2004
to 13.4% in 2013 (p<0.001). The increase in usage of HF-WBI was largely offset by a
corresponding reduction in CF-WBI, so that the increase in overall RT usage in DCIS
patients was modest (68.7% in 2004 to 73.5% in 2011 and 71.2% in 2013, p<0.001). Figure
1C presents the trend in radiotherapy among invasive breast cancer patients who are 50 or
older with a pathologic T1-2NO disease without chemotherapy. In these patients, 0.9%
received HF-WBI in 2004, 12.9% in 2011, and 21.4% in 2013. In addition, the percentage of
accelerated partial breast irradiation (mainly brachytherapy) increased before 2008 but
decreased thereafter.

For patients who lived 50 miles or more away from the hospitals (a patient population with
low radiotherapy use), the percentage of HF-WBI usage in DCIS patients increased from
0.5% in 2004 to 14.8% in 2013, which corresponded to a moderate increase of the overall
RT usage in DCIS patients (from 58.0% in 2003 to 67.7% in 2011 and 63.1% in 2013;
Supplementary Figure 1).

Characteristics Related to the Use of HF-WBI

Patient demographic, tumor, and facility factors were compared between 37,619 invasive
breast cancer patients who underwent HF-WBI and 430,379 patients who underwent CF-
WBI (Table 1). Age at diagnosis was positively and strongly associated with the HF-WBI
use, with 19.5% in women 80 years or older, yielding an adjusted odds ratio (aOR) of 8.40
compared to women under 40 years old. Compared with White Americans, African
Americans were less likely to receive HF-WBI and Asian Americans were more likely to
receive HF-WBI. There was no significant difference in HF-WBI use across insurance
statuses in multivariable analysis adjusting for age and other factors. Patients with node
negative, small, or low grade cancers, were more likely to receive HF-WBI. There were
weak associations between laterality, histology and HF-WBI use, with lobular histology or
left-side cancers being less likely to be treated with HF-WBI. Patients who had estrogen
receptor positive cancers but did not receive hormone therapy were more likely to undergo
HF-WBI than patients who had estrogen receptor negative cancers. HF-WBI was less likely
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to be used after chemotherapy. There was a big variation in HF-WBI use across treating
facilities as reflected in the region, type, and volume of facilities. Facilities in mountain
census region were the more likely to give patients HF-WBI, followed by facilities in pacific
region. As illustrated in Figure 2, the use of HF-WBI depends on both facility type and
volume: large academic/research cancer programs gave more HF-WBI than large
community cancer programs. Among large (=200 patients per year) academic/research
cancer programs, the use of HF-WBI increased from 1.6% in 2004 to 21.5% in 2013. Both
urban/rural continuum and distance from a patient's home to a cancer facility were
associated with HF-WBI use in multivariable analysis and, interestingly, the association was
bimodal. Patients living in large metropolitan areas or rural areas were more likely to receive
HF-WBI. Patients who lived <5 miles or =250 miles away were more likely to use HF-WBI.

In DCIS patients, 9,415 received HF-WBI and 107,866 received CF-WBI. Table 2 displays
characteristics for DCIS patients receiving HF-WBI as compared to CF-WBI. Once again,
the category with the largest percent of patients receiving the hypofractionated treatment was
the 80+ age category (18.5%). The characteristics related to HF-WBI use in DCIS patients
were similar to those in invasive breast cancer patients, except for laterality, histology, and
grade, which appeared to have no effect.

Regimens and Delivery of HF-WBI

As radiotherapy regimens for invasive breast cancer and DCIS were similar, we combined
them together for the analysis of radiation regimens. Among patients who received HF-WBI,
50.7% also received boost radiation to the tumor bed. By contrast, the majority of patients
undergoing CF-WBI received boost radiation (90.5%).

Table 3 lists the common HF-WBI regimens. Although the top 10 most common regimens
accounted for 78.2% of all HF-WBI, there were 39 distinct regimens each with at least 100
patients being treated. The most common HF-WBI regimen was 42.56 Gy in 16 fractions
without a boost (41.4%), followed by 42.56 Gy in 16 fractions with a 10 Gy boost in 5
fractions (13.0%) and 42.56 Gy in 16 fractions with a 10 Gy boost in 4 fractions (12.7%).

The most common delivery technique for HF-WBI was standard external beam irradiation
(72.1%), but the proportions of 3D conformal (17.2%) and intensity-modulated radiation
therapy (10.7%) for HF-WBI were higher than those for CF-WBI (3D conformal, 12.2%;
intensity-modulated radiation therapy, 9.9%). There was an increasing trend that more 3D
conformal radiation therapy was used to deliver HF-WBI in recent years: in 2004, 1.9% of
HF-WBI was delivered using 3D conformal and 19.2% delivered using intensity-modulated
radiation therapy, while the proportions of using 3D conformal and intensity-modulated
radiation therapy were 21.0% and 9.0% in 2013, respectively.

Figure 3 presents the distribution of days from the first to the last radiotherapy. The median
days of finishing radiotherapy for patients receiving HF-WBI was 26 days (mean=26.4, 95%
range: 21-36 days), as compared to 47 days (mean=47.6, 95% range: 35-63 days) for
patients receiving CF-WBI. For HF-WBI patients with a boost, the median days on
radiotherapy was 29 days and the median days was 23 days for HF-WBI patients without a
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boost. For CF-WBI patients with and without a boost, the median days on radiotherapy were
47 and 41 days, respectively.

DISCUSSION

The use of HF-WBI has been gradually increasing in the US in recent years in the centers
contributing to the NCDB. The increases have occurred both in DCIS patients (from 0.4% in
2004 to 13.4% in 2013) and in invasive breast cancer patients (from 0.7% in 2003 to 15.6%
in 2013). Various factors affect the likelihood of a patient receiving HF-WBI; perhaps the
most notable factors are the patient's age and the type of treatment facility, i.e., academic/
research cancer facilities with a large volume of patients tend to use HF-WBI more. Our
study also showed that the adoption of HF-WBI did not increase the overall use of
radiotherapy, although there was a moderate increase among patients who lived far away
from hospitals. Apparently, the increase in HF-WBI has been offset by the reduction in CF-
WBI and APBI use in recent years.

For invasive breast cancer patients, randomized clinical trials have demonstrated that HF-
WBI is as effective as CF-WBI for treating breast cancer after lumpectomy [2-6]. For DCIS
patients, several observational studies did not find differential risk of local recurrence
between HF-WBI and conventional radiotherapy [13, 14]. Despite all the research on the
effectiveness of HF-WBI, conventional radiotherapy remained the most common form of
radiotherapy for post-lumpectomy breast cancer patients in the US. In this study, we found
there was an increased uptake of HF-WBI from 2004 to 2011 (when ASTRO guideline was
published) and a continued increase to 2013, but only 21.4% of patients who are
recommended by the guideline received HF-WBI and only 13.4% of DCIS patients received
HF-WBI in 2013. A study conducted in the Medicare population found 14.2% of invasive
and 11.6% of DCIS patients received HF-WBI in 2011 [10], while a study conducted in
commercially insured population found 34.5% of hypofractionation-endorsed patients
received HF-WBI in 2013 [9]. Another study analyzed NCDB dataset and documented the
rate of invasive patients undergoing WF-WBI was 13.05% in 2011 [8]. By contrast, HF-WBI
has already become the standard form of treatment in the United Kingdom and over 70% of
eligible women in Ontario, Canada received HF-WBI in 2008 [15, 16].

American physicians have been reluctant to adopt HF-WBI for a variety of reasons. One
reason is a fear of increased toxicity, especially late effects of radiotherapy. It has been
common belief in oncology that small radiation doses allow normal tissues to repair between
fractions, and therefore physicians may be hesitant to go against their traditional beliefs and
practices [17]. Many oncologists were waiting for a significant long-term follow-up study,
which was not published until 2010 [5]. The two UK trials also showed that HF-WBI has
similar or less late toxicities to normal breast tissues, compared to conventional radiotherapy
[6]. Recently, two studies conducted in the US demonstrated that HF-WBI had significantly
lower rates of early toxicities than conventional radiotherapy [18, 19], and a 2-year follow-
up of the clinical trial in the US showed that patient-reported quality of life and physician-
assessed cosmetic outcomes were similar between HF-WBI and CF-WBI arms [20].
Therefore, there should be no fear for toxicities to adopt HF-WBI.
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There may be a financial incentive to continue CF-WBI if reimbursement to physicians are
based on number of treatment. In the UK and Canada, where the reimbursement system does
not provide incentives, the adoption of HF-WBI was high [15, 16, 21], though this could be
in part due to the fact that the major trials of HF-WBI were performed in these countries.
However, an early survey found that in European countries other than the UK, the adoption
of HF-WBI has been slow [21]. More contemporary studies of HF-WBI use in European
countries are needed. Two interesting findings of our study are the regional variation of HF-
WABI adoption and a higher update of HF-WBI in academic or large hospitals. It is possible
that doctors in academic centers are more open to the research findings and less prone to
financial incentives. This regional variation in HF-WBI and variation in insurance policies in
the US could facilitate investigations on the impact of financial incentives on HF-WBI
adoption. To achieve standardized HF-WBI in the US, patients should be thoroughly
informed of HF-WBI as an encouraged option, and strategies to limit the financial incentives
of delivering high fractions could be implemented, such as a method of reimbursing based
on a factor other than the number of fractions. In 2013, as part of national Choosing Wisely
campaign [22], ASTRO stated, “Don't initiate whole breast radiotherapy as a part of breast
conservation therapy in women age =50 with early stage invasive breast cancer without
considering shorter treatment schedules.” It is important to continue monitoring whether
HF-WBI will be widespread adopted in the US in future.

There was a wide variation in terms of regimens of HF-WBI in the US. The most prevalent
regimens were 42.4-42.72 Gy in 16 fractions without or with a boost, which model the dose
schedule from the Canadian clinical trial [5]. Few patients received 40.05 Gy or 40.5 Gy in
15 fractions with or without a boost, which are similar to the regimen in the UK START B
trial [3]. HF-WBI schedules given in 13 fractions over 5 weeks were seldom used in the US
practices, possibly because of their long duration of treatment [2, 4]. There was no
consensus on whether to give a boost to treat the tumor bed after HF-WBI, and about half of
the patients received a boost radiation in practice. On average, hypofractionation schedules
significantly shortened the duration of radiotherapy by 3 weeks.

This study has several strengths, including a large national sample representing both old and
young patients, both invasive and DCIS patients. Another strength of this study is its precise
definition of hypofractionated radiotherapy. Previous studies defined HF-WBI either
according to total number of radiation fractions only (< 24 fractions) [9, 10], or based on the
ratio of total dose to total number of fractions (2.2—-4.0 Gy per fraction) [8]. Whether or not
having a boost radiation and early stop of a conventional fractionated RT could misclassify
WEF-WBI as HF-WBI or vice versa. We took a tedious approach of listing all the
combination of dose to the breast, boost dose, number of fraction, and total days on radiation
therapy in order to avoid misclassification in radiotherapy type. Using this precise definition,
we are able to provide accurate estimate of HF-WBI use patterns in the US, and identify
factors associated to HF-WBI use with confidence.

The study also has several limitations. First, there is potential underreporting of radiotherapy
in cancer registries as previous studies compared registry with medical chart or insurance
claim data and found that radiotherapy was underreported by 12—-26% [23-26]. Although a
recent study showed that underreporting was less serious for hospitals accredited by the
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American College of Surgeons, on which the NCDB is based [26], our estimates of HF-WBI
and overall radiotherapy use could be lower than the actual use because of potential
underreporting. The underreporting of radiotherapy was higher in rural counties [25], so the
use of HF-WBI for patients living in rural countries might be higher than reported in the
NCDB. Second, about 5% of patients were reported to receive radiotherapy but the type of
radiotherapy cannot be determined as dose and fraction were missing. This could have a
slightly downward bias on the estimate of HF-WBI use. Third, hospitals that contributed
data to the NCDB are more likely to be large or academic centers and less likely to be
located in rural area compared to hospitals that did not contribute data to NCDB [27]. We
found patients in large/academic centers and in rural area were more likely receive HF-WBI,
so our estimate of HF-WBI use might be an underestimate (due to less rural hospital in
NCDB) or overestimate (due to more academic centers in NCDB) of the true HF-WBI use
for the entire US. Since the NCDB captures approximately 70% of all newly diagnosed
malignant cancers in the US, the bias will not affect our conclusions.

In summary, use of HF-WBI after lumpectomy was rising between 2004 and 2013 in the US,
and magnitude of increase was largest in patients who are 50 or older with node negative
invasive breast cancer, the subgroup recommended for HF-WBI by ASTRO in 2011 [7].
However, the adoption of HF-WBI was far from complete in the US. We observed that HF-
WBI reduced the time for radiotherapy by 21 days. Further studies are needed to continue
monitor the trend of HF-WBI and investigate the impact of financial incentives on HF-WBI
adoption in the US. Promotion of HF-WBI at community cancer facilities and rural areas
could increase the overall appropriate use of radiotherapy for breast cancer.
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Trend of post-lumpectomy radiation therapy over time in patients with invasive breast cancer
who received lumpectomy (A), patients with ductal carcinoma in situ (B), and patients aged

50 years or older with pT1-2NO breast cancer, without prior chemotherapy (C). APBI,
accelerated partial breast irradiation; CF-WBI, conventional fractionated whole breast
irradiation; HF-WBI, hypofractionated whole breast irradiation.
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Estimated probability of receiving hypofractionated whole breast irradiation (HF-WBI) in

patients with invasive breast cancer or ductal carcinoma in situ, by type and volume of

cancer programs.
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Histogram of days on radiotherapy for patients undergoing conventional fractionated whole

breast irradiation (CF-WBI) and hypofractionated whole breast irradiation (HF-WBI).
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Table 1

Characteristics in invasive breast cancer patients treated with HF-WBI vs. CF-WBI

CF-WBI  HF-WBI % HF-WBI AOR (95%CI)* Chi-squareT
Age at diagnosis
<40 13,351 361 2.6 1.0 (ref.) 4536.03
40-44 25,951 925 34  1.19(0.71-2.00)
45-49 44,993 2,155 46 1.48(0.88-2.48)
50-54 53,388 3,423 6.0 1.87(1.12-3.14)
55-59 58,453 4,453 7.1 216 (1.29-3.62)
60-64 60,338 5,834 8.8  2.54 (1.52-4.26)
65-69 53,630 6,214 104 2.95(1.76-4.94)
70-74 37,364 5,304 12.4  3.94 (2.35-6.60)
75-79 26,585 4,425 143  5.17(3.09-8.67)
80+ 18,707 4,525 19.5 8.40 (5.01-14.09)
Race/ethnicity
White 319,902 30,865 8.8 1.0 (ref.) 160.86
Black 39,426 2,738 6.5 0.91(0.86-0.96)
Hispanic 16,337 1,640 9.1 1.07 (1.00-1.15)
Asian 11,106 1,718 134 1.49(1.40-1.60)
Other/unknown 5,989 658 9.9  1.07 (0.96-1.20)
Insurance Status
Not Insured 6,495 461 6.6
Private Insurance 234,479 17,577 7.0
Medicaid 19,493 1,395 6.7
Medicare 123,735 17,513 12.4
Other Government 3,436 284 7.6
Insurance Status Unknown 5,122 389 7.1
Charlson/Deyo comorbidity index
0 344,043 32,351 8.6
1 41,581 4,401 9.6
2 7,136 867 10.8
N stage in invasive cancer
pNO 310,959 33,846 9.8 1.0 (ref.) 1485.91
pN1 75,522 2,602 3.3 0.38(0.36-0.40)
T stage in invasive cancer
<=2.0cm 307,427 32,227 9.5 1.0 (ref.) 163.30
2.1-5.0cm 83,424 5,271 59 0.78 (0.75-0.81)
Laterality
Right 193,956 19,285 9.0 1.0 (ref.) 23.15
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CF-WBI HF-WBI % HF-WBI  AOR (95%Cl)"  Chi-square!
Left 198,465 18,325 85 0.94 (0.91-0.96)
Histology in invasive cancer
Ductal 317,730 29,665 8.5 1.0 (ref.) 26.45
Lobular 29,400 3,396 104  0.92(0.87-0.97)
Ductal & lobular 20,102 2,080 9.4  1.10(1.04-1.17)
Others 25,528 2,478 8.8  0.95(0.90-1.01)
Grade
1 101,086 12,381 10.9 1.0 (ref.) 127.63
2 161,934 16,123 9.1  0.87(0.85-0.90)
3 107,080 6,632 58 0.79(0.76-0.83)
Surgical margin
Negative 374,676 36,335 8.8 1.0 (ref.) 18.52
Positive 15,237 1,109 6.8 0.84(0.78-0.91)
Estrogen receptor & hormone therapy
Negative 65,749 3,792 55 1.0 (ref.) 65.22
Positive, no hormone therapy 40,986 4,809 105 1.24(1.16-1.32)
Positive, with hormone therapy 270,010 27,934 9.4  1.05(1.00-1.11)
Chemotherapy
No 228,768 30,339 11.7 1.0 (ref.) 456.96
Yes 154,322 6,405 4.0 0.65(0.62-0.68)
Facility location
New England 30,403 2,105 6.5 1.0 (ref.) 2266.99
Middle Atlantic 59,297 6,956 105  1.56 (1.47-1.66)
South Atlantic 78,068 6,946 8.2 151 (1.41-1.61)
East North Central 75,877 7,377 89 1.77 (1.66-1.88)
East South Central 19,700 1,207 58 1.22(1.12-1.34)
West North Central 29,442 2,648 8.3  1.45(1.35-1.56)
West South Central 20,585 931 43 0.83(0.75-0.92)
Mountain 15,703 3,152 16.7 4.18 (3.88-4.51)
Pacific 50,334 5,936 105  2.09 (1.96-2.24)
Facility Type & Volume 4051.35
In community cancer program
<120 82,172 4,623 5.3 1.0 (ref.)
120-207 70,939 5,825 7.6 153 (1.46-1.60)
208-342 60,871 4,932 75 1.49(1.41-1.56)
343+ 35,525 3,699 9.4  1.64 (1.55-1.73)
In academic/research program
<120 5,808 324 53 1.0 (ref.)
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CF-WBI HF-WBI % HF-WBI  AOR (95%Cl)"  Chi-square!

120-207 15,381 1,361 81 1.73(1.49-2.02)
208-342 34,656 4,007 104  2.11(1.83-2.43)
343+ 45,586 9,287 16.9 3.71(3.23-4.27)

Median income
<$30000 53,606 3,934 6.8 1.0 (ref.) 22452
$30000-34999 83,090 6,584 73 1.07 (1.02-1.13)
$35,000-45999 105,882 9,537 83 1.17(1.11-1.23)
$46,000+ 146,574 17,390 10.6  1.37 (1.31-1.45)

Urban/Rural
Large metropolis (pop. =21 million) 201,912 22,897 10.2 1.0 (ref.) 511.32
Metropolis (pop. <1 million) 126,909 9,411 6.9 0.75(0.73-0.78)
Urban (pop. =20000) 22,577 1,399 58 0.67 (0.63-0.72)
Urban (pop. 2500-19999) 24,853 2,408 8.8 1.14(1.06-1.21)
Rural 5,313 572 9.7  1.34(1.20-1.50)

Distance to facility
< 5.0 miles 130,101 12,396 8.7 1.0 (ref.) 155.68
5.0-9.9 miles 101,001 9,262 8.4  0.89(0.86-0.92)
10.0-19.9 miles 86,287 8,096 8.6  0.92(0.89-0.96)
20.0-49.9 miles 55,160 5,350 8.8 1.02(0.97-1.06)
>=50.0 miles 16,938 2,366 123 1.32(1.24-1.41)

Abbreviations: HF-WBI, hypofractionated whole breast irradiation; CF-WBI, conventional fractionated whole breast irradiation; pop., population;
AOR, adjusted odds ratio; ClI, confidence interval

*
Calculated from multivariable logistic regression, adjusting for year of diagnosis and all other variables with adjusted odds ratios in the table.
Variables without adjusted odds ratios were not included in the final logistic regression model.

7‘AII p-values <0.001
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Table 2

Characteristics in DCIS patients treated with HF-WBI vs. CF-WBI

CF-WBI  HF-WBI % HF-WBI  AOR (95% c|)* Chi-squareT
Age at diagnosis
<40 2,275 91 38 1.0 (ref.) 1140.16
40-44 9,117 388 41  0.45(0.16-1.25)
45-49 14,819 754 48 0.55(0.20-1.53)
50-54 16,566 1,091 6.2  0.68 (0.25-1.88)
55-59 17,435 1,352 7.2 0.90 (0.33-2.48)
60-64 15,733 1,495 8.7  1.00 (0.36-2.75)
65-69 13,774 1,516 9.9 1.25(0.45-3.44)
70-74 9,351 1,183 11.2  1.67 (0.61-4.61)
75-79 5,870 879 13.0  2.34(0.85-6.46)
80+ 2,926 666 18,5 3.80(1.37-10.52)
Race/ethnicity
White 84,040 7,177 7.9 1.0 (ref.) 37.75
Black 12,961 999 72 0.85(0.76-0.94)
Hispanic 5,066 502 9.0 1.02(0.89-1.17)
Asian 4,084 567 122 1.39(1.22-1.58)
Other/unknown 1,715 170 9.0 1.06 (0.84-1.35)
Insurance status
Not Insured 1,689 166 8.9
Private Insurance 69,658 4,965 6.7
Medicaid 4,717 396 7.7
Medicare 29,333 3,704 11.2
Other Government 1,004 79 6.7
Insurance Status Unknown 1,375 105 7.1
Charlson/Deyo comorbidity index
0 95,873 8,191 7.9
1 10,371 1,058 9.3
2 1,622 166 9.3
Tumor size in DCIS
<=1.0cm 42,610 4,185 8.9 1.0 (ref.) 73.77
1.1-2.0cm 19,994 1,825 8.4  0.80(0.74-0.85)
2.1-3.0cm 6,159 606 9.0 0.76 (0.68-0.85)
>3.0cm 5,464 506 85 0.71(0.63-0.80)
Laterality
Right 52,530 4,699 8.2
Left 55,276 4,713 7.9
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CF-WBI HF-WBI % HF-WBI  AOR (95% Cl)*  Chi-square!
Histology in DCIS
Ductal 81,169 7,183 8.1
Ductal & lobular 3,202 277 8.0
Comedocarcinoma 10,393 670 6.1
Cribriform 9,511 989 9.4
Papillary 2,610 228 8.0
Paget's disease 273 21 7.1
Others 708 47 6.2
Grade
1 13,453 1,098 75
2 34,804 3,375 8.8
3 37,059 3,261 8.1
Estrogen receptor & hormone therapy
Negative 13,956 1,206 8.0 1.0 (ref.) 27.01
Positive, no hormone therapy 27,264 3,176 10.4  1.19(1.09-1.31)
Positive, with hormone therapy 47,521 4,087 7.9 1.02(0.93-1.11)
Surgical margin
Negative 103,126 9,108 8.1
Positive 3,840 250 6.1
Facility location
New England 9,282 400 41 1.0 (ref.) 807.42
Middle Atlantic 17,025 1,732 9.2 1.61(1.38-1.88)
South Atlantic 21,889 1,910 8.0 1.97(1.69-2.29)
East North Central 21,932 1,996 8.3  2.09(1.80-2.43)
East South Central 5,181 300 55 1.22(0.98-1.51)
West North Central 8,232 633 71 1.72 (1.45-2.04)
West South Central 5,530 285 49 1.45(1.18-1.77)
Mountain 3,803 798 17.3  5.72 (4.82-6.80)
Pacific 12,717 1,270 9.1 239 (2.04-2.79)
Facility type & volume 578.50
In community cancer program
<120 22,125 985 43 1.0 (ref.)
120-207 19,954 1,425 6.7 1.74 (1.56-1.93)
208-342 17,222 1,198 6.5 1.55(1.38-1.73)
343+ 9,387 877 85  1.85(1.63-2.09)
In academic/research program
<120 1,637 72 42 1.0 (ref.)
120-207 4,650 395 7.8  1.55(1.11-2.17)
208-342 10,400 1,020 89 1.87(1.36-2.58)
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CF-WBI HF-WBI % HF-WBI  AOR (95% Cl)*  Chi-square!

343+ 12,300 2,448 16.6  3.02 (2.21-4.14)

Median income
<$30000 14,509 1,048 6.7 1.0 (ref.) 58.9
$30000-34999 21,970 1,657 7.0 1.16(1.04-1.30)
$35,000-45999 28,691 2,347 7.6  1.28(1.15-1.43)
$46,000+ 41,768 4,319 9.4 149 (1.34-1.67)

Urban/Rural
Large metropolis (pop. =1 million) 57,221 5,952 9.4 1.0 (ref.) 180.40
Metropolis (pop. <1 million) 34,551 2,167 59 0.72 (0.67-0.77)
Urban (pop. 220000) 5,682 335 5.6 0.72(0.61-0.85)
Urban (pop. 2500-19999) 6,052 575 8.7 1.39(1.20-1.61)
Rural 1,317 161 109  1.91(1.51-2.41)

Distance to facility
< 5.0 miles 37,038 3,073 7.7 1.0 (ref.) 19.08
5.0-9.9 miles 28,754 2,394 7.7 0.93(0.86-1.00)
10.0-19.9 miles 23,820 2,066 8.0 0.94(0.86-1.02)
20.0-49.9 miles 13,718 1,306 8.7 1.01(0.91-1.12)
> 50.0 miles 3,708 538 127 1.28(1.09-1.49)

Abbreviations: HF-WBI, hypofractionated whole breast irradiation; CF-WBI, conventional fractionated whole breast irradiation; DCIS, ductal
carcinoma in situ; pop., population; AOR, adjusted odds ratio; Cl, confidence interval

*
Calculated from multivariable logistic regression, adjusting for year of diagnosis and all other variables with adjusted odds ratios in the table.
Variables without adjusted odds ratios were not included in the final logistic regression model.

fAII p-values <0.001
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Frequency of hypofracationated whole breast irradiation regimens ™

Table 3

Dose and delivery Boost No. of patients  Percent
42.56 Gy in 16 fractions No 19462 41.4
42.56 Gy in 16 fractions 10 Gy in 5 fractions 6106 13.0
42.56 Gy in 16 fractions 10 Gy in 4 fractions 5959 12.7
42.56 Gy in 16 fractions 10.64 Gy in 4 fractions 1358 29
40 Gy in 16 fractions 10 Gy in 4 fractions 769 1.6
40.05 Gy in 15 fractions No 714 15
43.2 Gy in 16 fractions No 682 15
40.05 Gy in 15 fractions 10 Gy in 5 fractions 632 1.3
42.56 Gy in 16 fractions 8 Gy in 4 fractions 564 1.2
42.56 Gy in 16 fractions 7.98 Gy in 3 fractions 544 1.2
42.56 Gy in 16 fractions 12 Gy in 6 fractions 475 1.0
42.56 Gy in 16 fractions 14 Gy in 7 fractions 420 0.9
42.5 Gy in 17 fractions No 418 0.9
42.56 Gy in 16 fractions 9.6 Gy in 4 fractions 309 0.7
40.05 Gy in 15 fractions 7.95 Gy in 2 fractions 281 0.6
42.56 Gy in 16 fractions 7.5 Gy in 3 fractions 276 0.6
40 Gy in 16 fractions 12.5 Gy in 5 fractions 274 0.6
42.56 Gy in 16 fractions 5 Gy in 2 fractions 253 0.5
42.56 Gy in 16 fractions 16 Gy in 8 fractions 227 0.5
42.56 Gy in 16 fractions 9 Gy in 4 fractions 219 0.5
40 Gy in 16 fractions No 194 0.4
42.5 Gy in 17 fractions 4.5 Gy in 2 fractions 192 0.4
42.56 Gy in 16 fractions 10.6 Gy in 4 fractions 190 0.4
40.5 Gy in 15 fractions 10.8 Gy in 4 fractions 177 0.4
42.56 Gy in 16 fractions 5.32 Gy in 2 fractions 165 0.4
42.56 Gy in 16 fractions 12.5 Gy in 5 fractions 164 0.3
40.5 Gy in 15 fractions No 161 0.3
40 Gy in 16 fractions 13.75 Gy in 5 fractions 155 0.3
40.5 Gy in 15 fractions No 152 0.3
45 Gy in 17 fractions 11 Gy in 3 fractions 145 0.3
40.05 Gy in 15 fractions 8.01 Gy in 3 fractions 143 0.3
35 Gy in 14 fractions 15 Gy in 6 fractions 141 0.3
42.56 Gy in 16 fractions 5.3 Gy in 2 fractions 124 0.3
42.56 Gy in 16 fractions 7.95 Gy in 3 fractions 117 0.2
42.56 Gy in 16 fractions 9 Gy in 3 fractions 117 0.2
40.5 Gy in 15 fractions 7.5 Gy in 3 fractions 116 0.2
40.05 Gy in 15 fractions 10 Gy in 4 fractions 112 0.2
40.5 Gy in 15 fractions 6 Gy in 3 fractions 107 0.2
39.9 Gy in 15 fractions No 100 0.2
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Dose and delivery Boost No. of patients  Percent
Other less common regimens  No 4320 9.2

*
42.4 - 42.72 Gy in 16 fractions (2.65-2.67 Gy per fraction) were lumped into 42.56 Gy in 16 fractions as they are clinically the same
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