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Abstract
Introduction: The first high-quality clinical trial to support ultrahypofractionated whole-breast irradiation (ultra-HF-WBI) for
invasive early-stage breast cancer (ESBC) was published in April 2020, coinciding with the beginning of the COVID-19 pandemic. We
analyzed adoption of ultra-HF-WBI for ductal carcinoma in situ (DCIS) and ESBC at our institution after primary trial publication.
Methods and Materials: We evaluated radiation fractionation prescriptions for all patients with DCIS or ESBC treated with WBI
from March 2020 to May 2021 at our main campus and regional campuses. Demographic and clinical characteristics were extracted
from the electronic medical record. Treating physician characteristics were collected from licensure data. Hierarchical logistic
regression models identified factors correlated with adoption of ultra-HF-WBI (26 Gy in 5 daily factions [UK-FAST-FORWARD] or
28.5 Gy in 5 weekly fractions [UK-FAST]).
Results: Of 665 included patients, the median age was 61.5 years, and 478 patients (71.9%) had invasive, hormone-receptor-positive
breast cancer. Twenty-one physicians treated the included patients. In total, 249 patients (37.4%) received ultra-HF-WBI, increasing
from 4.3% (2 of 46) in March-April 2020 to a high of 45.5% (45 of 99) in July-August 2020 (P < .001). Patient factors associated with
increased use of ultra-HF-WBI included older age (≥50 years old), low-grade WBI without inclusion of the low axilla, no radiation
boost, and farther travel distance (P < .03). Physician variation accounted for 21.7% of variance in the outcome, with rate of use of
ultra-HF-WBI by the treating physicians ranging from 0% to 75.6%. No measured physician characteristics were associated with use of
ultra-HF-WBI.
Conclusions: Adoption of ultra-HF-WBI at our institution increased substantially after the publication of randomized evidence
supporting its use. Ultra-HF-WBI was preferentially used in patients with lower risk disease, suggesting careful selection for this new
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approach while long-term data are maturing. Substantial physician-level variation may reflect a lack of consensus on the evidentiary
standards required to change practice.
© 2021 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
Historically, patients with ductal carcinoma in situ
(DCIS) or invasive early-stage breast cancer (ESBC)
requiring radiation therapy were treated with conven-
tionally fractionated whole-breast irradiation (CF-WBI)
regimens of approximately 50 to 50.4 Gy in 25 to 28
daily treatments with or without a sequential boost. In
the past 20 years, many clinical trials investigated mod-
estly hypofractionated schedules for whole-breast irradi-
ation (HF-WBI) to shorten the total radiation treatment
period. The Canadian1 and United Kingdom START-B2

trials compared CF-WBI with regimens of 42.5 Gy in 16
fractions and 40 Gy in 15 fractions, respectively. These
studies demonstrated equal or superior local control,
toxic effects, and cosmetic outcomes compared with CF-
WBI.1,2 Subsequently, the FAST Trial Management
Group took a substantial step forward in evaluating
ultrahypofractionated (ultra-HF-WBI) regimens of 30 or
28.5 Gy in once-weekly treatments over 5 weeks in the
UK-FAST (UK-F) trial3 and 27 or 26 Gy in 5 daily frac-
tions over 1 week in the UK-FAST-FORWARD (UK-
FF) trial.4 The UK-F and UK-FF studies showed that
regimens of 28.5 Gy in 5 fractions over 5 weeks and
26 Gy in 5 fractions over 1 week were noninferior to CF-
WBI3 and the earlier investigated HF-WBI regimen of
40 Gy in 15 fractions, respectively.4 Altogether, these
studies indicated that both modest hypofractionation
and ultra-HF-WBI are safe and efficacious for treating
patients with WBI for invasive ESBC.

Despite the promising findings of the aforementioned
trials, several studies have shown that there is a delay
from publication of trial results to use of novel radiation
fractionation regimens in clinical practice.5-8 This may be
partially due to skepticism of trial results, desire for lon-
ger-term data follow-up, the delay in information flow
from academic to community centers, and infrastructural
and financial challenges.9 However, unique circumstances
over the past year, including a global pandemic and publi-
cations from leaders in the field,10 may have accelerated
the adoption of ultra-HF-WBI. The purpose of this study
was to analyze the adoption of the recently published
UK-F and UK-FF regimens for DCIS and ESBC patients
at 1 large academic cancer center and its regional cam-
puses. By analyzing the breast cancer fractionation pat-
terns used at our institution, and specifically within our
large practice specializing in breast radiation therapy, we
aimed to uncover trends and gaps that could be informa-
tive for other institutions and future clinical practice.
Methods and Materials
To evaluate the patterns of WBI fractionation used at
our institution, we identified patients with DCIS or inva-
sive ESBC who were treated with WBI at our main cam-
pus or 4 community-based, fully integrated regional
campuses from March 1, 2020, to May 19, 2021. All treat-
ing physicians were salaried, full-time faculty members at
The University of Texas MD Anderson Cancer Center.
The start date was chosen to provide 2 months of frac-
tionation data before the UK-FF trial results were pub-
lished. All patients were treated with external-beam
photon therapy using 3-dimensional conformal or inten-
sity modulated radiation therapy techniques. Patients
receiving radiation therapy to the whole breast with or
without the low axilla were included in the analysis;
patients treated with a third field to cover the nodal basins
were not included. Patients were excluded if they were
treated with partial-breast irradiation (PBI) or proton
therapy or if the bilateral breasts were treated concur-
rently.

Demographic and treatment characteristics for
included patients were extracted from the electronic med-
ical record. We selected factors related to the eligibility
criteria in the UK-FF trial: women or men aged ≥18 years
with invasive ESBC (pT1-T3, pN0-1, M0) after breast-
conserving surgery or mastectomy.4 We extracted the fol-
lowing characteristics: age, race, histology (DCIS vs inva-
sive cancer), receptor subtype (only for invasive cancer),
pathologic T and N stage, tumor grade, breast cancer
treatment site (whole breast only or with low axilla),
receipt of chemotherapy (none, neoadjuvant, or adju-
vant), radiation treatment period (in 2-month incre-
ments), radiation boost (no or yes), patients’ distance to
the hospital in miles (<25, 25-49, 50-149, 150-499, ≥500,
or international), and insurance (managed care, Medicare,
government, Medicaid, self-pay, or other). Subtypes for
invasive breast cancer included hormone receptor positive
(HR+) (estrogen receptor [ER] positive or progesterone
receptor [PR] positive and not HER2 positive), HER2
positive (regardless of ER/PR status), and triple negative
(TN, ER/PR/HER2 negative). Attending physician charac-
teristics included sex, race and ethnicity, year of medical
school graduation (<2000, 2000-2004, 2005-2009,
≥2010), annual breast cancer patient volume (≤40, 41-
100, or >100 patients), academic rank (assistant professor,
associate professor, or professor), whether they worked
with rotating residents at least once annually, number of
treating cancer sites (1 or >1), and practice location

http://creativecommons.org/licenses/by-nc-nd/4.0/


Advances in Radiation Oncology: March−April 2022 Ultrahypofractionated radiation therapy in breast cancer 3
(main hospital campus vs regional campus). Attending
physicians who practice at the main hospital campus do
not staff the regional campuses and vice versa; however,
centralized quality assurance review of each patient was
performed between the main campus and all regional
campuses during the study period.

We tabulated baseline patient, clinical, and physi-
cian characteristics for all patients and stratified by 4
radiation regimens: UK-F (28.5 Gy in 5 weekly frac-
tions), UK-FF (26 Gy in 5 daily fractions), Canadian/
START-B (40-42.5 Gy in 15-16 fractions), and conven-
tional (45-50.4 Gy in 25-28 fractions). Groups were
compared using the x2 test. Hierarchical logistic
regression accounted for clustering of patients nested
within treating physicians. We tested the association of
each patient’s and treating physician’s factors with the
use of ultra-HF-WBI (UK-F or UK-FF). Patient and
physician characteristics with univariate P < .20 were
candidates for the multivariable model. Backward
reduction was used to retain variables that had statisti-
cal significance in the final model. We expressed the
results with risk ratios (RRs) and 95% confidence
intervals (CIs) per the method by Zhang et al.11 In
addition, we estimated the variance partition coeffi-
cient accounted for by attending physicians to deter-
mine the proportion of the variance of the outcome
attributable to attending physicians.12 For multivari-
able analyses, we excluded physicians who treated 4 or
fewer patients with breast cancer annually for stability
of the estimates. We considered P < .05 statistically
significant; all tests were 2-sided. Statistical analyses
were carried out using SAS, version 9.4 (SAS Institute
Inc, Cary, NC). This study was approved by our insti-
tutional review board.
Results
Baseline characteristics

We included 665 patients with DCIS or ESBC who
were treated with WBI at our institution between March
2020 and May 2021 (Table 1). The median patient age
was 61.5 years (range, 22-98 years). A majority of the
patients (422 [63.5%]) identified as White, non-Hispanic;
103 (15.5%) identified as Hispanic (any race), 93 (14%) as
Black, non-Hispanic, and 47 (7.1%) as other race or eth-
nicity. A total of 478 (71.9%) were diagnosed with inva-
sive HR+ breast cancer, and 101 (15.2%) had DCIS. A
total of 427 (64%) received a radiation boost, and 68
(10.2%) received WBI that intentionally included the low
axillary lymph nodes. A majority (410 [61.6%]) lived
within a 50-mile radius of the main hospital campus.

Twenty-one attending physicians treated the patients
included in this analysis (Table 2). A majority of these
physicians identified as female (13 [61.9%]) and as White,
non-Hispanic race (12 [57.1%]). Three physicians (14.3%)
identified as Black, non-Hispanic, 3 (14.3%) as Asian, 2
(9.5%) as Hispanic, and 1 (4.8%) as American Indian or
Alaska Native, non-Hispanic. Eight physicians (38.1%)
held the academic rank of professor, 8 (38.1%) were asso-
ciate professors, and 5 (23.8%) were assistant professors.
Eleven physicians (52.4%) practiced at the main hospital
campus and 10 (47.6%) practiced at regional campuses in
the greater metropolitan area. Eleven physicians (52.4%)
exclusively treated patients with breast cancer.
Adoption of ultra-HF-WBI

A total of 249 patients (37.4%) were treated with
ultra-HF-WBI: 231 (34.7%) with UK-FF and 18 (2.7%)
with UK-F. A total of 416 patients (62.6%) were treated
with other regimens: 401 (60.3%) with Canadian/
START-B and 15 (2.3%) with a conventional regimen.
Use of UK-FF increased over time (Fig 1), from 2 of 46
patients (4.3%) in March-April 2020 to 36 of 95
(37.9%) in May-June 2020 and a high of 45 of 99
(45.5%) in July-August 2020 (P < .05). Use remained
elevated compared with baseline throughout the
remainder of the study period.
Patient-level predictors of ultra-HF-WBI

Multivariable analysis identified several key patient-
level factors associated with receipt of ultra-HF-WBI regi-
mens. For example, there were statistically significant
associations between older age (≥50 years) and receipt of
ultra-HF-WBI and low-grade WBI and (Table 3). Addi-
tionally, patients with radiation treatment plans that did
not include a boost (RR, 1.97; 95% CI, 1.55-2.38; P <
.001) or did not include the low axilla (RR, 2.65; 95% CI,
1.62-3.73; P = .004) were more likely to receive ultra-HF-
WBI. Patients who traveled a farther distance from their
home to the hospital were also more likely to receive
ultra-HF-WBI (travel distance of 50-149 miles: RR, 1.51;
95% CI, 1.05-1.99; P = .03; for ≥150 miles: RR, 1.92; 95%
CI, 1.45-2.35; P < .001).
Physician-level predictors of ultra-HF-WBI

Among the 16 attending physicians who treated at
least 10 patients with breast cancer annually (median,
76 patients; range, 16-107 patients), use of the ultra-
HF-WBI regimens varied widely, from 0% to 75.6%
(Fig 2). In multivariate analysis, 21.7% of the variance
in use of ultra-HF-WBI partitioned to the physician
level. In the multivariable adjusted model, there were
no physician-level characteristics, including sex, race,



Table 1 Patient demographic and clinical characteristics (N = 665)a

Characteristic
Total,
n (%)

UK-FAST
FORWARD,
n (%)

UK-FAST,
n (%)

Canadian/
START-B, n (%)
No. (%)

Conventional,
n (%)

P
value

Age, y

18-49 121 (18.2) 16 (6.9) 1 (5.6) 97 (24.2) 7 (46.7) <.001

50-59 172 (25.9) 46 (19.9) 3 (16.7) 119 (29.7) 4 (26.7)

60-69 242 (36.4) 99 (42.9) 8 (44.4) 131 (32.7) 4 (26.7)

70 or older 130 (19.5) 70 (30.3) 6 (33.3) 54 (13.5) 0

Sex

Female 663 (99.7) 229 (99.1) 18 (100) 401 (100) 15 (100) .29

Male 2 (0.3) 2 (0.9) 0 0 0

Race/ethnicity

White, non-Hispanic 422 (63.5) 155 (67.1) 9 (50) 249 (62.1) 9 (60) .67

Black, non-Hispanic 93 (14) 25 (10.8) 5 (27.8) 61 (15.2) 2 (13.3)

Hispanic 103 (15.5) 37 (16) 3 (16.7) 60 (15) 3 (20)

Othera 47 (7.1) 14 (6.1) 1 (5.6) 31 (7.7) 1 (6.7)

Histology/subtype

DCIS 101 (15.2) 45 (19.5) 2 (11.1) 53 (13.2) 1 (6.7) .12

Invasive HR + 478 (71.9) 166 (71.9) 13 (72.2) 289 (72.1) 10 (66.7)

Invasive HER2 + 19 (2.9) 5 (2.2) 1 (5.6) 13 (3.2) 0

Invasive TN 67 (10.1) 15 (6.5) 2 (11.1) 46 (11.5) 4 (26.7)

Pathologic T stage

T0 39 (5.9) 11 (4.8) 0 24 (6) 4 (26.7) .006

Tis 109 (16.4) 48 (20.8) 2 (11.1) 58 (14.5) 1 (6.7)

T1mic 15 (2.3) 1 (0.4) 0 13 (3.2) 1 (6.7)

T1a 64 (9.6) 20 (8.7) 2 (11.1) 42 (10.5) 0

T1b 127 (19.1) 47 (20.3) 0 76 (19) 4 (26.7)

T1c 196 (29.5) 72 (31.2) 8 (44.4) 115 (28.7) 1 (6.7)

T2 113 (17) 31 (13.4) 6 (33.3) 72 (18) 4 (26.7)

T3 2 (0.3) 1 (0.4) 0 1 (0.2) 0

Pathologic N stage

N0 561 (84.3) 204 (88.3) 16 (88.9) 327 (81.5) 14 (93.3) .13

N0(i +) 25 (3.8) 5 (2.2) 1 (5.6) 19 (4.7) 0

N1a 26 (3.9) 4 (1.7) 0 22 (5.5) 0

N1mic 27 (4.1) 6 (2.6) 0 20 (5) 1 (6.7)

Nx 26 (3.9) 12 (5.2) 1 (5.6) 13 (3.2) 0

Histologic grade

Low 156 (23.5) 48 (20.8) 8 (44.4) 137 (34.2) 11 (73.3) <.001

Moderate 301 (45.3) 65 (28.1) 1 (5.6) 88 (21.9) 2 (13.3)

High 204 (30.7) 117 (50.6) 9 (50) 173 (43.1) 2 (13.3)

Unknown 4 (0.6) 1 (0.4) 0 3 (0.7) 0

(continued on next page)

4 K.L. Corrigan et al Advances in Radiation Oncology: March−April 2022



Table 1 (Continued)

Characteristic
Total,
n (%)

UK-FAST
FORWARD,
n (%)

UK-FAST,
n (%)

Canadian/
START-B, n (%)
No. (%)

Conventional,
n (%)

P
value

Treatment site

Whole breast 597 (89.8) 219 (94.8) 18 (100) 346 (86.3) 14 (93.3) .003

Whole breast + axilla 68 (10.2) 12 (5.2) 0 55 (13.7) 1 (6.7)

Type of chemotherapy

None 493 (74.1) 190 (82.3) 14 (77.8) 283 (70.6) 6 (40) <.001

Neoadjuvant 74 (11.1) 19 (8.2) 3 (16.7) 51 (12.7) 1 (6.7)

Adjuvant 98 (14.7) 22 (9.5) 1 (5.6) 67 (16.7) 8 (53.3)

Radiation start period

2020, Mar-Apr 46 (6.9) 1 (0.4) 1 (5.6) 41 (10.2) 3 (20) .002

2020, May-Jun 95 (14.3) 35 (15.2) 1 (5.6) 57 (14.2) 2 (13.3)

2020, Jul-Aug 99 (14.9) 42 (18.2) 3 (16.7) 51 (12.7) 3 (20)

2020, Sept-Oct 97 (14.6) 35 (15.2) 7 (38.9) 55 (13.7) 0

2020, Nov-Dec 110 (16.5) 45 (19.5) 3 (16.7) 58 (14.5) 4 (26.7)

2021, Jan-Feb 70 (10.5) 23 (10) 3 (16.7) 44 (11) 0

2021, Mar-Apr 109 (16.4) 37 (16) 0 71 (17.7) 1 (6.7)

2021, May 39 (5.9) 13 (5.6) 0 24 (6) 2 (13.3)

Tumor bed boost

No 238 (35.8) 129 (55.8) 7 (38.9) 100 (24.9) 2 (13.3) <.001

Yes 427 (64.2) 102 (44.2) 11 (61.1) 301 (75.1) 13 (86.7)

Distance to hospital, miles

<25 288 (43.3) 80 (34.6) 7 (38.9) 192 (47.9) 9 (60) .005

25-49 122 (18.3) 41 (17.7) 4 (22.2) 76 (19) 1 (6.7)

50-149 113 (17) 46 (19.9) 4 (22.2) 61 (15.2) 2 (13.3)

150-499 104 (15.6) 54 (23.4) 2 (11.1) 48 (12) 0

500-5000 28 (4.2) 8 (3.5) 1 (5.6) 17 (4.2) 2 (13.3)

International 10 (1.5) 2 (0.9) 0 7 (1.7) 1 (6.7)

Insurance

Managed care 419 (63) 114 (49.4) 10 (55.6) 284 (70.8) 11 (73.3) <.001

Medicare 218 (32.8) 110 (47.6) 8 (44.4) 98 (24.4) 2 (13.3)

Government/military 3 (0.5) 2 (0.9) 0 0 1 (6.7)

Medicaid 7 (1.1) 1 (0.4) 0 5 (1.2) 1 (6.7)

Self-pay 11 (1.7) 2 (0.9) 0 9 (2.2) 0

Other 7 (1.1) 2 (0.9) 0 5 (1.2) 0

Abbreviations: DCIS = ductal carcinoma in situ; HR = hormone receptor; TN = triple-negative.
Bold values indicate statistically significant associations at P<0.05.
a Other refers to Asian and Native American race.
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year of medical school graduation, annual volume of
patients with breast cancer, academic rank, and site of
practice, that were significantly associated with use of
ultra-HF-WBI.
Discussion

This study describes the patterns of ultra-HF-WBI
adoption at 1 large academic institution from March 2020



Table 2 Treating physician characteristics (N = 21)

Physician characteristics Total, n (%)

Attending sex

Female 13 (61.9)

Male 8 (38.1)

Attending race

White, non-Hispanic 12 (57.1)

Black, non-Hispanic 3 (14.3)

Asian, non-Hispanic 3 (14.3)

Hispanic, any race 2 (9.5)

American Indian or Alaska Native, non-Hispanic 1 (4.8)

Attending year of medical school graduation

1982-1999 6 (28.6)

2000-2004 6 (28.6)

2005-2009 5 (23.8)

2010-2015 4 (19)

Attending annual volume of patients with breast cancer

≤40 3 (14.3)

41-100 12 (57.1)

>100 6 (28.6)

Attending academic rank

Assistant professor 5 (23.8)

Associate professor 8 (38.1)

Professor 8 (38.1)

Attending involvement with residents

No 11 (52.4)

Yes 10 (47.6)

Number of anatomic disease sites treated

1 11 (52.4)

>1 10 (47.6)

Attending practice location

Main hospital campus 10 (47.6)

Regional campus 11 (52.4)
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to May 2021. There was increased adoption of this
approach, in particular the UK-FF dose fractionation,
throughout the study’s period. The largest increase
occurred from March-April 2020 to May-June 2020, indi-
cating that practice changed as a response to published
data in combination with the COVID-19 pandemic.
Additionally, factors indicative of lower risk cancer diag-
noses, including older age, low histologic grade, receipt of
WBI without inclusion of the low axilla, and omission of
boost radiation, were associated with use of ultra-HF-
WBI, suggesting that physicians considered disease-
related factors and UK-F/UK-FF trial eligibility criteria in
their fractionation decision.3,4 Moreover, patients with
farther travel distance from the treating hospital were
more likely to receive ultra-HF-WBI, suggesting that frac-
tionation decisions were also patient-centered; use of
short fractionation schemes was likely selected to help
reduce patient travel and lodging costs during a course of
radiation therapy. Finally, compared with previous
studies,13,14 physician-level variation was substantial,
accounting for 21.7% of variation in the outcome.

The implementation of published research into clinical
practice can take years, with limited data exploring this
phenomenon related to adoption of ultrahypofractiona-
tion for breast cancer. After the UK-FF primary publica-
tion in April 2020,4 the use of UK-F and UK-FF regimens



Fig. 1 Percentage of patients requiring whole-breast radiation therapy from March 2020 to May 2021 stratified by the
type of fractionation prescribed.
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increased substantially at our institution. This period
coincided with the first wave of the COVID-19 pandemic
in our community, which was likely a significant contrib-
utor to the greater use of ultra-HF-WBI owing to efforts
to minimize patient time spent in the hospital during the
early portion of the pandemic. However, other factors
also may have contributed to the change in practice favor-
ing ultra-HF-WBI. Jacobs et al analyzed the translation of
research findings to clinical practice in 1 breast cancer
radiation treatment center in Europe and found that
“level of evidence” was the primary facilitator to the
implementation of new research findings.15 The phase 3,
randomized design and 5 years of follow-up data in the
UK-FF primary publication served as a robust level of evi-
dence and likely contributed to the increased use of UK-F
and UK-FF at our institution. Another previous study
found an increase in use of the Canadian and START-B
treatment regimens in ESBC after publication of Ameri-
can Society for Radiation Oncology guidelines endorsing
HF-WBI16; these guidelines have not yet been updated to
reflect the results of UK-FF. However, the United King-
dom has updated their breast cancer guidelines to recom-
mend using ultra-HF-WBI,17 suggesting international
acceptance of ultra-HF-WBI. Despite variations in com-
munity-levels of COVID-19 spread as well as greater
availability of personal protective equipment and other
COVID-19-related precautions, our institution continues
to use ultra-HF-WBI at a fairly stable rate. This suggests
that although the pandemic may have expedited the initial
use of ultra-HF-WBI, the confidence in the UK-F and
UK-FF clinical trial findings, specifically the 5-year fol-
low-up data paralleling locoregional recurrence data from
HF-WBI studies, continue to motivate our treating physi-
cians to use these ultra-HF-WBI regimens in selected
patients. It is important for the field of radiation oncology
to be aware of the discrepancy between publication of trial
results and implementation into clinical practice. To
improve implementation of ultra-HF-WBI, future studies
should identify the current gaps to implementation at the
provider and the hospital level to facilitate tailored and
effective interventions such as financial support, physician
endorsement, communication about outcomes, and
patient satisfaction with ultra-HF-WBI.18,19

We identified several patient factors that were associ-
ated with use of ultra-HF-WBI. Patients with low-risk dis-
ease, as signified by low histologic grade, older age, and no
requirement for either low axilla radiation or a tumor bed
boost, were more likely to receive UK-F or UK-FF. This
suggests that physicians considered disease-related factors
in making their treatment decisions. Patients with a lower
risk of relapse, especially those of older age who are less
likely to have consequences of late effects, may provide
reassurance for treating physicians in using newer ultra-
HF-WBI regimens that have less follow-up data than HF-
WBI or CF-WBI compared with treating patients with a
higher relapse risk. Alternatively, lack of ultra-HF-WBI
use in patients requiring radiation to their low axilla may
reflect treating physicians’ hesitancy to implement



Table 3 Multivariable hierarchical logistic regression model for use of the UK-FAST or UK-FAST FORWARD radiation frac-
tionation regimens

Multivariate model

Patient characteristics Risk ratio* 95% CI P value

Age, y

18-49 1

50-59 2.67 1.57-3.99 .001

60-69 4.06 2.76-5.25 <.001

70 and older 5.49 4.23-6.31 <.001

Race

White, non-Hispanic 1

Black, non-Hispanic 1.12 0.74-1.53 .57

Hispanic 1.39 1.01-1.75 .05

Other 1.44 0.89-1.94 .13

Histologic grade

High 1

Low 1.63 1.14-2.16 .01

Moderate 1.49 1.08-1.94 .02

Unknown 0.61 0.04-2.85 .66

Treatment site

Whole breast + axilla 1

Whole breast only 2.65 1.62-3.73 .004

Radiation start

2020, Mar-Apr 1

2020, May-Jun 12.44 3.66-20.09 <.001

2020, Jul-Aug 14.91 5.26-20.99 <.001

2020, Sept-Oct 13.22 4.12-20.39 <.001

2020, Nov-Dec 13.78 4.48-20.6 <.001

2021, Jan-Feb 11.76 3.25-19.85 .001

2021, Mar-Apr 11.84 3.36-19.82 .001

2021, May 9.97 2.28-19.23 .005

Boost

Yes 1

No 1.97 1.55-2.38 <.001

Distance to hospital, miles

<25 1

25-49 1.03 0.66-1.49 .89

50-149 1.51 1.05-1.99 .03

≥150 or international 1.92 1.45-2.35 <.001

Abbreviations: CI = confidence interval; DCIS = ductal carcinoma in situ; HR = hormone receptor; TN = triple-negative.
Bold values indicate statistically significant associations at P<0.05.
* Odds ratios were converted to risk ratios per the method described by Zhang and Yu.11
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radiation approaches that were not explicitly studied in
the clinical trial. Although travel distance was a significant
factor predisposing patients to use of ultra-HF-WBI, it
remains important to note that ultra-HF-WBI may also
be offered to patients who live close to the treating hospi-
tal as well to help decrease treatment time and expense
and free up patient time for work, caregiving roles, and
leisure.



Fig. 2 Proportion of patients receiving the UK-FAST or UK-FAST FORWARD fractionation regimen stratified by each
treating physician. Sixteen attending physicians who treated at least 10 patients with breast cancer were included in this
analysis. The 95% confidence interval bars take into account variability of the calculated rate based on the number of
patients treated by each physician. Abbreviation: ultra-HF-WBI = ultrahypofractionated whole-breast irradiation.
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In addition to increased use of ultra-HF-WBI during
the past year, our institution also uses HF-WBI, such as
the Canadian and START-B regimens, at high rates. Con-
ventionally fractionated WBI was used in only 2% of
patients with DCIS or ESBC, suggesting that our institu-
tion has nearly completely adopted hypofractionation for
DCIS and ESBC. A limited number of studies have evalu-
ated the adoption of HF-WBI in the United States after
publication of primary trial results. The available studies
have shown overall low rates of HF-WBI use20,21 until the
publication of long-term (>10 years) follow-up data,
establishment of multidisciplinary tumor board discus-
sions, or cancer society endorsement of HF-WBI
regimens.16,22 To prevent a similarly slow implementation
of ultra-HF-WBI regimens, it may be helpful for other
institutions to publish their experience with ultra-HF-
WBI to increase confidence and initiate discussions across
the country. Overall, regular discussions among cancer
societies and oncologists, and with patients, about new
radiation regimens with timely recommendations about
such regimens may help with informed and patient-cen-
tered decision-making.23

In this study, no factors related to the treating physi-
cians were associated with increased use of ultra-HF-
WBI. This may be due to our centralized quality assur-
ance review of each patient that is performed weekly and
is inclusive of all practice sites. In contrast, after the publi-
cation of the Canadian/START-B HF-WBI trials, studies
demonstrated that there was initially greater use of the
HF-WBI regimens at main hospital centers and centers
with a greater density of radiation oncologists.7,24 In a
field driven by data and clinical trials, we need to ensure
continued flow of information and dialogue within and
between all treating centers, including large academic hos-
pitals, regional clinics, and nonacademic rural clinics.
Additionally, Boero et al found that the individual radia-
tion oncologist had the greatest effect on use of Canadian/
START-B regimens in Medicare patients after these trials
were published, with this trend continuing through time
despite additional publications of long-term follow-up
data.25 Our study showed a wide gap among our treating
physicians in the proportion of ultra-HF-WBI use (0% to
75%). There are variations in referral of ESBC patients to
these physicians from medical and surgical oncology; how-
ever, standards do not exist for evaluating the quality of new
evidence and guiding practice-changing decision-making in
our field. More effort should be made to establish criteria for
when new trial findings should prompt changes in stan-
dard-of-care clinical practice so that the health care environ-
ment and the treating physician are not primary influencers
for the care that a patient receives.

Physician compensation is 1 important factor not
addressed in this study that may have an effect on
adoption of ultra-HF-WBI. Radiation oncologist com-
pensation varies throughout the country depending on
the site of employment and use of fee-for-service mod-
els. At our institution, physicians are not compensated
based on the radiation regimen prescribed or work-rel-
ative value units; thus, there is no difference in com-
pensation between physicians who prescribe CF-WBI
versus ultra-HF-WBI, despite known differences in
revenue generated. This flexibility may have facilitated
the prompt adoption of ultra-HF-WBI after the pri-
mary UK-FF publication. Physicians who are
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compensated based on per-patient revenue may experi-
ence decreased compensation per patient when pre-
scribing ultra-HF-WBI, because fee-for-service models
incentivize delivery of more fractions.26 However,
ultra-HF-WBI increases capacity and facilitates the
treatment of more patients, which will increase com-
pensation when demand is high. Nevertheless, we sus-
pect that fee-for-service financial models serve as a
barrier to implementation of ultra-HF-WBI in patients
with DCIS or ESBC.

Our study has limitations. We aimed to describe the
patterns of hypofractionation at our institution during
the past year and potential factors associated with
these patterns; however, it is not possible to determine
whether the primary factor in the adoption of UK-FF
was the high-quality evidence published in the primary
trial publication or the COVID-19 pandemic. More-
over, our analysis described hypofractionation trends
from a single institution with a unique compensation
model, which limits the generalizability of our find-
ings. Further studies are needed to investigate hypo-
fractionation trends and identify barriers to the
implementation of hypofractionation at other institu-
tions. Additionally, our analysis lacks information
about central axis separation or qualitative data, which
may have provided additional factors that played a
role in the adoption of ultra-HF-WBI at our institu-
tion. Finally, we excluded patients who were treated
with PBI, because a majority of these patients are
treated on active investigator-initiated clinical trials
with specified PBI dose-fractionation. Despite these
limitations, our study demonstrated a clear adoption
of ultra-HF-WBI among a robust sample size and
diverse group of treating physicians and should be
considered in future discussions about use of ultra-
HF-WBI regimens.
Conclusion
Our institution adopted the UK-F and UK-FF ultra-
HF-WBI radiation treatment regimens for DCIS and
ESBC immediately after publication of randomized evi-
dence supporting its use in more than one-third of eligible
patients. The COVID-19 pandemic likely played a role in
the rapid adoption of ultra-HF-WBI; however, several
other factors were also associated with use of ultra-HF-
WBI. Ultra-HF-WBI was preferentially used in patients
with lower-risk disease and in patients who traveled a far-
ther distance for treatments, suggesting careful, patient-
centered selection for this new approach. One year after
the UK-FF trial publication, our institution continues to
use ultra-HF-WBI at high rates despite fluctuations in the
pandemic. These findings support thoughtful implemen-
tation of new, evidence-based radiation regimens to
facilitate more standard practice patterns across sites and
physicians.
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