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Abstract
Purpose: Recent clinical trials suggest hypofractionated treatment regimens are appropriate for treatment of many cancers. It is important to
understand and document hypofractionation adoption because of its implications for treatment center patient volumes. There is no recent U.
S. study of trends in hypofractionation adoption that includes comparisons of multiple disease sites and data since the onset of COVID-19.
In this context, this study describes trends in treatment fractionation at a single academic center from 2010 to 2020.
Methods and Materials: From an institutional database, records were extracted for treatment of 4 disease site categories: all cancers,
breast cancer, prostate cancer, and bone metastases. For each disease site, the mean number of fractions per treatment course was
reported for each year of the study period. To explore whether the COVID-19 pandemic was associated with increased
hypofractionation adoption, piecewise linear regression models were used to estimate a changepoint in the time trend of mean
monthly number of fractions per treatment course and to evaluate whether this changepoint coincided with pandemic onset.
Results: The data set included 22,865 courses of radiation treatment and 375,446 treatment fractions. The mean number of fractions per
treatment course for all cancers declined from 17.5 in 2010 to 13.6 in 2020. There was increased adoption of hypofractionation at this
institution for all cancers and speciﬁcally for both breast and prostate cancer. For bone metastases, hypofractionation had largely been
adopted before the study period. For most disease sites, adoption of hypofractionated treatment courses occurred before pandemic onset.
Bone metastases was the only disease site where a pandemic-driven increase in hypofractionation adoption could not be ruled out.
Conclusions: This study reveals increasing use of hypofractionated regimens for a variety of cancers throughout the study period,
which largely occurred before the onset of the COVID-19 pandemic at this institution.
© 2022 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/).
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Introduction
Recent landmark clinical trials in radiation oncology suggest hypofractionated treatment regimens are appropriate for
treatment of many cancers. For example, moderate hypofractionation (15-16 fractions, possibly followed by boost) is now
the preferred standard regimen for many women with breast
cancer,1 and evidence is emerging to support even more
extremely hypofractionated approaches.2,3 Similarly, for prostate cancer, professional society consensus guidelines now
recommend that moderately hypofractionated regimens of
20 to 28 fractions be offered to men who desire external
beam radiation therapy for treatment of their localized prostate cancer, regardless of their clinical risk grouping,4 and
even more extremely hypofractionated regimens using stereotactic body radiation therapy are being developed.5 In the
palliative setting, single-fraction treatment for bone metastases6 has long been known to be appropriate to replace what
once required several weeks of daily treatment for many
patients.
Several studies published before the COVID-19 pandemic described the patterns of adoption of hypofractionated treatment regimens for speciﬁc disease sites including
breast,7,8 prostate,9 and bone metastases.10-12 A smaller
number of studies, including a single-center report13 and a
larger-scale analysis of the National Cancer Database,14
described trends in hypofractionation adoption across multiple disease sites. These studies found a slow but steady
increase in the adoption of hypofractionation over time.
The COVID-19 pandemic may have increased pressure to
adopt hypofractionation because of concerns about disease
spread at treatment centers.15 During the ﬁrst several months
of the pandemic, several groups published recommendations
for implementing hypofractionated treatment regimens,16-18
and a few studies described how hypofractionation was
adopted for speciﬁc disease sites.19-21 However, to our knowledge, there is no recent U.S. study of trends in hypofractionation adoption that includes comparisons of multiple disease
sites and data since the onset of the COVID-19 pandemic.
Therefore, we sought to describe trends in treatment fractionation at a single academic center from 2010 to 2020.

Methods and Materials
From our institutional database, for the years 2010 to
2020, we extracted records for 4 groups of patients:
patients who received radiation therapy for all cancers
and speciﬁcally for breast cancer, prostate cancer, and
bone metastases using our in-house Michigan Radiation
Oncology Analytics Resource system.22 We chose these
disease sites because they are the most commonly treated
sites for which trials have investigated hypofractionated
regimens.
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For each radiation course, we extracted the total number of fractions delivered (n = 22,865). A coding algorithm was created to compensate for inconsistencies
arising from manual data entry in our treatment planning
system and medical record system regarding diagnosis in
categorizing disease site cohorts. For breast and prostate,
we included only radiation courses delivered to the primary site. For breast cancer, we eliminated treatment
courses recorded as less than or equal to 3 fractions
(n = 14). For bone metastases, we eliminated treatment
courses recorded as greater than 15 fractions (n = 362).
We made these deletions after review suggested that these
cases were miscoded by the algorithm.
For each disease site, we summarized the mean number of fractions per treatment course (mean § standard
deviation) for each year of the study period. Additionally,
we calculated the total number of treatment courses and
percentages of treatments delivered by categories of number of fractions per treatment course.
To explore whether the COVID-19 pandemic was associated with a precipitous drop in the number of fractions per
treatment course, we plotted the mean number of fractions
per treatment course over time. To characterize change in
the mean number of fractions we used piecewise linear
regression models with separate models ﬁt to each disease
site.23 Time was measured by month and treated continuously. The threshold (“change point”) at which the slope
(average change in mean number of fractions per treatment
per 1 year increase) changed was estimated via maximum
likelihood with corresponding 95% conﬁdence intervals
(CIs). The average slopes both pre- and postthreshold date
were also estimated via maximum likelihood. We deﬁned
the onset of the COVID-19 pandemic as March 2020 for
simplicity. If the CI around the changepoint estimate
included this date, the change in time trend may have been
associated with the onset of the COVID-19 pandemic. If the
changepoint estimate and CI excluded March 30, 2020, the
change in time trend was more likely associated with factors
other than the onset of the pandemic. We also estimated the
mean number of fractions per treatment over time using a
nonparametric generalized additive model24 to explore any
nonlinear patterns in the data for each disease site.
Statistical analysis was conducted using R version 4.1.2.
Two-sided P values <.05 were considered statistically signiﬁcant. This study of deidentiﬁed data was determined
to be exempt by the institutional review board.

Results
The data set included 22,865 courses of radiation treatment and 375,446 treatment fractions, gathered with our inhouse Michigan Radiation Oncology Analytics Resource system. The mean number of fractions per treatment course
declined steadily throughout the study period for all cancers
as well as each speciﬁc disease site (Table 1). For example,

4.9 § 3.6
5.3 § 3.3
5.7 § 3.6
5.2 § 3.5
6.0 § 3.6
6.8 § 3.7
6.8 § 3.9
6.8 § 4
Abbreviation: SD = standard deviation.

6.7 § 4.2
7.1 § 4.5
Bone metastases (n = 2748)

6.8 § 4.3

18.9 § 5.9

13.8 § 11.6
17.9 § 14.7

22.8 § 5.7
23.8 § 5.9

24.4 § 16.7
29.3 § 16.5

25.1 § 5.5
26.6 § 5.1

35 § 13.3
32.4 § 13.3

26.9 § 5.3
27.4 § 4.9

32.6 § 13.5
31.5 § 15.3

28.3 § 4.9
28.6 § 4.3
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28.8 § 15.2

28.4 § 4.3

34.2 § 12.0

Breast (n = 2023)

Prostate (n = 1807)

25.8 § 15.8

13.6 § 11.2
15.0 § 12.0
16.0 § 12.5
17.0 § 12.8
17.1 § 13.0
17.1 § 12.5
17.6 § 12.5
17.7 § 12.3
17.9 § 12.3
17.5 § 12.3
All cancers (n = 22,865)

17.3 § 12.7

2018
2017
2016
2015

Number of fractions per treatment course (mean § SD)

2014
2013
2012
2011
2010
Disease site

Table 1

Number of fractions per treatment course for all cancers, breast cancer, prostate cancer, and bone metastases, 2010 to 2020

2019

2020
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the number of fractions per treatment course (mean § standard deviation) for all cancers declined from 17.5 § 12.3 in
2010 to 13.6 § 11.2 in 2020.
The total number of radiation treatments for all cancers increased steadily throughout the study period except
for a brief drop at the onset of the pandemic (Fig. 1A).
The estimated changepoint in the time trend of monthly
number of fractions per treatment course was August
2018 (95% CI, June 2017, February 2019; Fig. 1B). From
2010 to the estimated changepoint in 2018, the mean
number of fractions per treatment course decreased at an
average rate of 0.21 per month (95% CI, 0.15, 0.28). After
the changepoint in September 2018, the mean number of
fractions per treatment course decreased at an average
rate of 1.43 per month (95% CI, 1.13, 1.74).
Treatment volume for breast cancer was relatively
steady throughout the study period (Fig. 2A). The
mean number of fractions per treatment declined from
28.4 § 4.3 in 2010 to 18.9 § 5.9 in 2020. The estimated
changepoint in the time trend of monthly number of
fractions per treatment course was October 2019 (95%
CI, March 2019, December 2019; Fig. 2B). From 2010
to the estimated changepoint in October 2019, the
mean number of fractions per treatment course
decreased at an average rate of 0.68 per month (95%
CI, 0.61, 0.76). After the changepoint in October 2019,
the mean number of fractions per treatment course
decreased at an average rate of 6.7 per month (95% CI,
5.51, 7.92).
Treatment volume for prostate cancer increased
throughout the study period but fell brieﬂy after pandemic onset (Fig. 3A). The mean number of fractions per
treatment declined from 34.2 § 12.0 in 2010 to 13.8 §
11.6 in 2020. The estimated changepoint in the time trend
of monthly number of fractions per treatment course was
October 2016 (95% CI, April 2016, March 2017; Fig. 3B).
From 2010 to the estimated changepoint in October 2016,
the mean number of fractions per treatment course
increased at an average rate of 0.69 per month (95% CI,
0.26, 1.12). After the changepoint in October 2016, the
mean number of fractions per treatment course decreased
at an average rate of 5.49 per month (95% CI, 4.90, 6.08).
For bone metastases, treatment volume increased
throughout the study period (Fig. 4A). The mean number
of fractions per treatment declined from 7.1 § 4.5 in 2010
to 4.9 § 3.6 in 2020. The estimated changepoint in the
time trend of monthly number of fractions per treatment
course was January 2015 (95% CI, March 2013, April
2020; Fig. 4B). From the start date to the estimated
changepoint in January 2015, the mean number of fractions per treatment course decreased at an average rate of
0.04 per month (95% CI, -0.09, 0.18). After the changepoint in January 2015, the mean number of fractions per
treatment course decreased at an average rate of 0.35 per
month (95% CI, 0.26, 0.44).
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Figure 1 Monthly total of radiation treatment courses A, and mean number of fractions per treatment course B, for all
cancers, 2010 to 2020.

Figure 2 Monthly total of radiation treatment courses A, and mean number of fractions per treatment course B, for
breast cancer, 2010 to 2020.

For all 4 disease sites, upon visual inspection, the nonparametric model estimated a similar changepoint to the
broken line linear regression and led to qualitatively similar conclusions.

Discussion
In this study, which we believe is a model for how
other institutions might evaluate their own practice

Figure 3 Monthly total of radiation treatment courses A, and mean number of fractions per treatment course B, for prostate cancer, 2010 to 2020.
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Figure 4 Monthly total of radiation treatment courses A, and mean number of fractions per treatment course B, for bone
metastases, 2010 to 2020.

patterns, we observed increased adoption of hypofractionation at our institution during the study period for all
cancers and speciﬁcally for both breast and prostate cancer. For bone metastases, hypofractionation had largely
been adopted before the study period. For most disease
sites, adoption of hypofractionated treatment courses
occurred largely before the onset of the COVID-19 pandemic. Bone metastases was the only disease site where
we could not rule out an increase in hypofractionation
adoption related to the COVID-19 pandemic.
Understanding patterns of adoption of hypofractionation is important because hypofractionation is a more efﬁcient approach that can, when applied appropriately,
increase value. Indeed, when the American Board of
Interal Medicine Foundation’s Choosing Wisely campaign engaged professional organizations in identifying
practices that may represent inappropriate use of ﬁnite
societal resources, the American Society for Radiation
Oncology's ﬁrst “top 5” list of opportunities to improve
the quality and value of cancer care included 2 separate
items focused on hypofractionation.25 Complex factors,
including ﬁnancial incentives and the desire for mature
data of equivalence, led to an initially slow adoption of
hypofractionated regimens after the initial publication of
landmark trials,26 but the accumulation of evidence and
heightened attention from the media, public, and insurers
led to increased uptake of hypofractionation even before
the COVID-19 pandemic.27 Ongoing attention to patterns
of practice is especially informative now, as the COVID19 pandemic may have encouraged physicians unfamiliar with these approaches to begin using them.
Although our study demonstrated that hypofractionation adoption at our institution had largely occurred
before the COVID-19 pandemic, as Thomson et al
note, “There may be novel opportunities to learn from
patients treated with nonstandard dose fractionations
during the COVID-19 pandemic, either to set aside
certain fractionation practices or to inform future
rational clinical trial designs.”28

Information about uptake of hypofractionation is also
important because this information is directly relevant for
the purposes of planning for technology needs. Both oversupply and undersupply of radiation therapy services are
suboptimal for society. Undersupply creates access issues;
oversupply wastes resources and creates redundancy that
reduces patient volume per center to the detriment of quality, to the extent that there are relationships between quality,
volume, and specialization. When modeling the level of
external beam radiation services anticipated to be needed in
a given geographic area to inform policy decisions (eg, issuance of certiﬁcates of need), hospital strategists and state policy makers typically consider data on cancer incidence
patterns, the proportion of patients with each cancer type
who have indications for radiation therapy, and the number
of treatments necessary per course of treatment. Information
on the last point has been quite limited,13 and this study provides a framework for how similar evidence might be captured from a diversity of institutions to yield data required
to plan appropriately for population health needs.
This study has certain limitations. Chief among these is
the derivation of information from a single academic institution. Although this center includes several physicians treating
each disease site, their practices may not be representative of
those elsewhere. Nevertheless, this study illuminates trends
in radiation fractionation that may generalize to similar academic centers, suggests that it is possible to deliver radiation
oncology care in the modern era with fewer total fractions
per treatment course than was typical in the past, and provides a model for studies of hypofractionation adoption at
other radiation oncology treatment centers. This study and
others similar will merit consideration by policy makers seeking to make appropriate plans for future needs.
In conclusion, this study reveals increasing use of
hypofractionated regimens for a variety of cancers
throughout the study period, which largely occurred
before the onset of the COVID-19 pandemic at our institution. Future research is necessary to evaluate patterns in
other settings to provide the evidence base upon which
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hospital and state policy makers can ground decisions
about capital investments in technology to best promote
the health of the public.
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