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Abstract

Purpose: Hypofractionated radiation therapy (HFRT) remains underused, despite multiple ran-
domized trials showing the equivalence of HFRT to conventional fractionated radiation therapy
(CFRT). We sought to retrospectively review the relationship between breast volume and toxicity
for HFRT versus CFRT.

Methods and materials: Data from 114 patients who received a diagnosis of early stage breast
cancer and were treated with lumpectomy and whole breast radiation alone were reviewed. Breast
cancer laterality, stage, grade, estrogen/progesterone receptor and human epidermal growth factor
receptor 2 status, and systemic therapy use were recorded. Length of follow-up was calculated
using the last day of radiation treatment and the date of the most recent follow-up.

Results: The median follow-up was 42 months. A total of 83 patients were treated with HFRT and 31
with CFRT. Rates of grade >2 skin toxicity were significantly higher in patients undergoing CFRT
compared with HFRT (76% vs 28%; P < .0001). In a subset of patients with breast volume >1000 cm’,
grade >2 skin toxicity trended higher for CFRT patients (73% vs 38%; P = .057). For posterior
separation >25 cm, the percentage of patients with grade 2 skin toxicity was 43% for HFRT versus
57% for CFRT (P = .67). The volume of breast tissue receiving >105% of the total prescription
dose, including boost, was not significantly different for HFRT versus CFRT (P = .70).
Conclusions: Use of HFRT resulted in lower acute skin toxicity rates compared with CFRT. Large
breast size (volume >1000 cm®) was associated with lower acute grade 2 toxicity with the use of
HFRT despite achieving similar dosimetry compared with CFRT.

© 2018 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation
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org/licenses/by-nc-nd/4.0/).
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Introduction

Breast cancer is the second most common cancer in the
world and is the most common cancer in women.' His-
torically, women who developed breast cancer were
treated with mastectomy. However, lumpectomy followed
by whole breast radiation therapy has since been shown to
carry equivalent risk of recurrence compared with mas-
tectomy, thereby allowing women to conserve their
breasts.” The survival benefits of adjuvant radiation
therapy for early stage breast cancer were shown by a
systematic review of 17 randomized studies that
compared mastectomy with lumpectomy and radiation.”

Most of the trials reviewed used the conventional
fractionation radiation therapy (CFRT) regimen of 50 Gy
in 25 fractions of 2 Gy. There is increasing interest in
reducing the duration of radiation treatment with the use
of fraction sizes >2 Gy, which is known as hypofractio-
nation. Several recent large randomized prospective
studies have shown equal efficacy of hypofractionation
radiation therapy (HFRT) regimens and conventional
regimens.”® Whelan et al found that HFRT of 42.5 Gy in
16 fractions is not inferior to CFRT with 50 Gy in 25
fractions in women with early stage breast cancer treated
with breast-conserving surgery with negative margins and
negative lymph nodes.’” Likewise, Haviland et al
found that HFRT of 40.05 Gy in 15 fractions was as
effective as 50 Gy in 25 fractions and was associated with
lower rates of breast shrinkage, telangiectasia, and breast
edema.’

Despite studies that show equivalency in efficacy for
HFRT, there has been no widespread uptake in its use.’
Concerns exist with regard to the use of HFRT in
women with larger posterior breast separation (larger
volume breasts) because of fears of greater skin toxicity
and poor cosmesis.”” Women with breast separation >25
cm were excluded from the Canadian hypofractionation
trial.” However, there were no constraints with regard to
breast size in the UK START study.” A study by Shai-
telman et al included a large proportion of obese women
and found lower rates of skin reactions in patients treated
with HFRT, suggesting HFRT should not be withheld in
this population.” With these results, the newest guidelines
on hypofractionation do not restrict eligibility based on
breast size.'”

At our institution, we have been routinely offering
HFRT over the past 6 years to patients with early stage
breast cancer, regardless of their breast size. Early during
this period, patients were presented at consultation with
the data for hypofractionation and allowed to play a role
in the decision-making process for dose and fractionation.
After anecdotally noticing less toxicity in patients who
were treated with hypofractionation, we transitioned more
recently to only using hypofractionation in patients with
early stage disease.

We sought to retrospectively review the relationship
between breast volume and toxicity in patients treated
with HFRT versus CFRT to further assess the appropri-
ateness of HFRT in patients with larger breast volume.

Methods and Materials

Patient selection

This study was approved by the institutional review
board. After approval, we retrospectively identified pa-
tients at our institution who were diagnosed with Amer-
ican Joint Committee on Cancer stage TO-3NO-1 breast
cancer and treated with breast-conserving surgery, fol-
lowed by postoperative radiation therapy, between
January 2012 and September 2015. Male patients were
excluded, as were patients who were treated with a third
field to the supraclavicular fossa. Patients treated with
inverse planned intensity modulated radiation therapy
(IMRT) were excluded, but forward planned field in-field
optimization was allowed.

Patient and tumor characteristics

Patient, tumor, and treatment characteristics were
collected from the electronic medical records, and the
following variables were recorded: T stage, N stage,
breast cancer laterality, tumor grade, estrogen/progester-
one receptor status, human epidermal growth factor re-
ceptor 2/Neu status, use of hormone therapy, and use of
neoadjuvant or adjuvant chemotherapy. Length of follow-
up was calculated using the last day of radiation treatment
and the date of the most recent follow-up visit.

All patients were seen weekly during treatment and for
follow-up within 3 months of completion of treatment,
with skin toxicity reported at each visit. The median time
between completion of treatment and first follow-up was
27 days, with a range of 3 to 75 days. The highest Ra-
diation Therapy Oncology Group (RTOG) acute skin
toxicity level documented in the electronic medical re-
cords during this period was recorded."’

Dosimetric and planning variables

All patients were simulated and treated in the supine
position on a breast board. Breast tissue was contoured in
accordance with the RTOG breast atlas.'” The lumpec-
tomy bed was contoured using clinical and radiographic
information, including surgical clips, excision cavity
volume, lumpectomy scar, and seroma. The Varian
Eclipse treatment planning system was used to collect
contouring and radiation treatment dosimetric variables,
including radiation dose, fractionation, use of lumpec-
tomy bed boost, posterior separation of breasts (defined as
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the distance along the posterior border of the treatment
tangents from the medial to lateral edge of the treated
tissue), breast volume, maximum hot spot, volume of
breast receiving 105% of the prescription dose with or
without boost, and dosimetric breast coverage determined
using the dose-volume histogram. HFRT was defined as
radiation fractions >2 Gy (most commonly 4005 cGy in
15 fractions), and CFRT was defined as radiation frac-
tions <2 Gy (most commonly 5000 cGy in 25 fractions).

Radiation therapy was delivered using 3-dimensional
conformal radiation therapy. The breast planning target
volume was defined as the breast volume less 5 mm from
the surface of the skin. Breast posterior separation was
defined as the greatest distance along the posterior edge of
the tangent fields through the chest. For patients with
large posterior separation, higher-energy photon beams
were often employed to reduce hot spots. Plans with
mixed energies were allowed. Forward planned field in-
field optimization was used, with a minimum of 4 monitor
units per subfield. Per institutional policy, all hypo-
fractionation plans had a maximum hot spot of 107%.

The primary endpoint of this study was the highest
level of acute skin toxicity during treatment. Secondary
endpoints included breast tissue coverage and dosimetric
hotspots, as well as pain and fatigue.

Statistical analysis

Univariate and multivariable logistic regression
models were fit to test for associations among patient,
tumor, and treatment characteristics. To fit the multivari-
able logistic regression model, variables with a global P
value < .20 in the univariate analysis were included.’ P
values < .05 were considered significant. All statistical
analyses were conducted using SAS, version 9.3 software
(SAS Institute, Cary, NC).

Results

Patients

We identified a total of 114 patients who met the in-
clusion criteria, of whom 83 were treated with HFRT and
31 were treated with CFRT. A boost of 8 to 12 Gy to the
lumpectomy cavity was administered in 55% of patients.
The median follow-up time was 42 months. The patient
characteristics were well balanced between the HFRT and
CFRT treatment regimens, including age, stage, and re-
ceptor status (Table 1), with the exception of follow-up
time because HFRT was more recently adopted. Local
control was excellent. There was only 1 local recurrence
in a patient who was treated with CFRT, which occurred
23 months after completion of the radiation therapy.
There were no distant recurrences.

Table 1  Patient characteristics by fractionation regimen
Variables HFRT CFRT P-value
(n = 83) (n = 31)
Age
Median (y) 63 59
Mean (y) 62 59 .088
Follow-up time
Median (mo) 34 55
Mean (y) 35 54 <.001
T Stage
Tis 21 4 13
T1 (unspecified) 5 0
Tla 9 1
T1b 14 8
Tlc 22 11
T2 9 7
T3 3 0
N stage
NO 74 28 .93
Nlmic 4 1
Nla 5 2
Side
Left 42 15 .79
Right 40 16
ER
ER negative 13 4 78
ER positive 69 27
PR
PR negative 23 10 72
PR positive 57 21
HER2
Her2 negative 59 27 75
Her2 positive 10 3
Volume
Median 827 729
Mean 932 997 .60
Separation
Median 21 22
Mean 22 23 15
Lumpectomy bed
Yes 37 6
Boost
No 46 25 .0002

Abbreviations: CFRT = conventional fractionated radiation therapy;
ER = estrogen receptor; HER2 = human epidermal growth factor
receptor 2; HFRT = hypofractionated radiation therapy; PR =
progesterone receptor.

Plan dosimetry

For patients treated with either HFRT or CFRT,
lumpectomy bed coverage was acceptable. There was no
statistically significant difference in preferred lumpec-
tomy bed coverage (95% prescription dose to >95%
lumpectomy volume) between HFRT and CFRT patients:
95% of HFRT plans had optimal coverage compared with
100% of CFRT plans (P = .57). With regard to whole
breast coverage, there was significantly better coverage of
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the contoured breast volume with CFRT, with 93% of
CFRT patients treated with a 95% dose to >95% of the
volume, compared with 71% of HFRT patients (P =
.016).

The analysis of patients with breast volume >1000
cm® and breast separation >25 cm showed no differences
in whole breast or lumpectomy bed coverage. The
maximum hot spot was 106.0% for HFRT plans and
105.9% for CFRT plans (P = .77). There was also no
significant difference for hypofractionation versus con-
ventional fractionation in maximum hot spot for patients
with breast volume >1000 cm® (106.3% vs 106.6%; P =
.62) or for patients with separation >25 cm (106.3% vs
107%; P = .2).

The volume of breast tissue receiving >105% of the
total prescription dose (including boost) was not signifi-
cantly different for patients receiving HFRT versus CFRT
(25.1 vs 33.7 cm3). The volume of breast tissue receiving
>105% of the whole breast dose (not including boost)
was also not significantly different between HFRT and
CFRT. In addition, there was no significant difference
when including only patients with breast volume >1000
cm’® (46.9 cm? in HERT vs 85.5 cm® in CFRT; P = .55).
Patients with breast separation >25cm also did not show a
significant difference (48.3 cm® for HERT vs 111.9 cm?®
for CFRT; P = .45).

Skin toxicity

There was significantly less skin reaction in patients
treated with HFRT compared with patients treated with
CFRT (Figs. 1A-E). Only 28% of patients treated with
HFRT had grade >2 skin toxicity, versus 76% of patients
treated with CFRT (P < .0001). Grade 3 skin toxicity
occurred in 1 patient (CFRT group). In patients with
breast volume >1000 cm3, there was a trend toward
higher rates of grade >2 toxicity for CFRT (73% vs 38%
with HFRT; P = .057). For patients with posterior breast
separation >25 cm, there was no significant difference in
grade >2 skin toxicity (57% for CFRT; 43% for HFRT; P
= .67). A significant increased rate of acute grade 2 skin
toxicity with CFRT was seen regardless of the use of
boost.

Univariate analysis showed that the use of boost,
CFRT, and a higher-than-average volume of the breast
receiving 105% of the whole breast prescription dose was
associated with increased grade >2 acute skin toxicity
(Table 2). On multivariate analysis, the use of boost and
CFRT remained significant predictors for acute skin
toxicity (P = .017 and .0053, respectively; Table 3).

Discussion

Our study found that patients who were treated with
HFRT have significantly less grade >2 acute skin toxicity

than patients treated with conventional radiation therapy
(72% vs 28%; P < .0001). These results are in line with
the skin toxicity findings reported in the literature. A trial
at MD Anderson Cancer Center randomized 287 women
with breast cancer after breast-conserving surgery to
either CFRT (50 Gy/25 fractions + 10-14 Gy boost) or
HFRT (42.56 Gy/16 fractions + 10-12.5Gy boost)." The
results showed that acute grade >2 dermatitis was present
in 36% of women treated with HFRT versus 69% of
women treated with CFRT (P < .001).

Likewise, a study of 2309 patients in the Michigan
Radiation Oncology Quality Consortium found that grade
>2 skin toxicity developed in 27.4% of patients treated
with HFRT versus 62.6% of patients treated with CFRT
(P < .001)."* Another retrospective study of 266 patients
allowed IMRT for planning to reduce hot spots, and
CFRT remained associated with greater grade 2 radiation
dermatitis on multivariate analysis compared with HFRT
(19.3% vs 1.7%; P < .001)."”

Despite continued findings of lower skin toxicity with
HFRT in multiple studies, concerns persist with regard to
HFRT in women with larger breast volumes because of
fears of greater skin toxicity and poor cosmesis.*’ The
aforementioned randomized MD Anderson Cancer Center
trial similarly found that even for the highest quartile of
central axis separation, HFRT was equivalent to (and
even perhaps slightly better) than CFRT in terms of acute
skin reactions. The rate of grade >2 acute skin reaction
was 63% for patients treated with HFRT and 78% for
patients treated with CFRT (P = .17). The same was true
for grade >3 acute skin toxicity (0% HFRT vs 8% CFRT;
P =247

A previously reported, single-institution, retrospective
review of 143 patients with stage O to III breast cancer
who were treated with HFRT showed that volume of
tissue radiated was associated with higher grade >3 acute
skin toxicity, but high-volume disease was categorized as
addition of a third field for supraclavicular radiation.'®
Our study is distinct because of its focus on patients
with breast-only radiation; we excluded patients with a
third field to the supraclavicular region. In our study,
women with breast volume >1000 cm® had fewer grade 2
acute skin reactions when treated with HFRT. This is the
first study to our knowledge to categorize patients on the
basis of breast volume in addition to central axis separa-
tion. Our findings support the new guidelines that state
that hypofractionation should be used regardless of breast
size.'”

Our study is not the first to assess the relationship
among breast volume, dose homogeneity, and toxicity.
However, we feel confident that our treatment regimen
closely matches current practice because patients were
most often treated with a regimen of 4005 cGy in 15
fractions, with a maximum hot spot of 107%. This differs
from a study of dosimetric parameters predictive for
toxicity by Lazzari et al, which allowed doses of >110%
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Skin toxicity. Highest grade of Radiation Therapy Oncology Group acute toxicity for patients treated with hypofractionated

radiation therapy versus conventional radiation therapy. (A) Skin toxicity for all patients included in the study. (B) Skin toxicity for
patients with large breasts, defined as volume of breast tissue >1000 cm®. (C) Skin toxicity for patients with large breasts, defined as
posterior separation >25 cm, with posterior separation defined as the greatest distance traveled by the posterior edge of the radiation
beam. (D) Skin toxicity for patients who were treated to the whole breast alone, without a boost. (E) Skin toxicity for patients treated to

the whole breast followed by a sequential boost.

hot spots using a regimen with a higher total dose (4256
¢Gy in 16 fractions).'” Another study of predictors of
toxicity during hypofractionation suggested that breast
volume does predict for higher toxicity.'® However, our
study shows that, compared with patients treated with
conventional radiation therapy, there is less toxicity with
hypofractionation for patients with large breasts.

A retrospective study of 339 patients treated with
CFRT (50 Gy/25 fractions) versus HFRT (44 Gy/16
fractions) found that breast volume receiving >107% of
the prescription dose (V107) was associated with
increased skin toxicity (P < .001)."” In our study, we
chose to analyze the volume of breast receiving 105% of
the whole breast dose (V105) because the maximum
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Table 2 Univariate analysis for grade >2 acute skin
toxicity

Variables Odds P-value
ratio

T stage

Tis 1

T1 0.76 49

T2 0.28 .20

T3 0.47 .87
ER status

ER negative 1

ER positive 0.46 .16
PR status

PR negative 1

PR positive 0.49 .09
HER?2 status

HER?2 negative 1

HER?2 positive 1.6 43
Boost

No boost 1

Boost 6.8 <.0001

95% ClI, 2.8-17)
Fractionation regimen
HFRT 1
CFRT 8.1 <.0001
(95% CI, 3.0-21)
Systemic therapy

None 1

Hormone, 2.7 .079
chemotherapy,
or both

Volume of 105% of
whole breast dose
(without boost)
<average (252.4 cm’) 1
>average (252.4 cm®) 4.1 .0009
(95% CI, 1.8-9.3)
Volume of 105% of
total prescription
(breast plus boost)

<average (27.3 cm®) 1

>average (27.3 cm’) 0.47 15
Breast volume

<1000 cm’ 1

>1000 cm® 1.6 22
Posterior separation

<25 cm

>25 cm 1.48 .39

Abbreviations: CFRT = conventional fractionated radiation therapy;
ER = estrogen receptor; HER2 = human epidermal growth factor
receptor 2; HFRT = hypofractionated radiation therapy; PR =
progesterone receptor.

Individual chemotherapy, hormone, was omitted because there was
not enough of each for the analysis.

accepted hot spot at our institution is 107%. We found
that V105 was associated with greater skin toxicity, which
is in line with current HFRT guidelines that recommend
minimization of the volume of the breast receiving 105%

Table 3 Multivariate analysis for acute skin toxicity,
controlling for fractionation regimen

Variables Odds ratio P-value
Boost

No boost 1

Boost 4.6 .017
Fractionation regimen

HFRT 1

CFRT 4.5 .0053

Abbreviations: CFRT = conventional fractionated radiation therapy;
HFRT = hypofractionated radiation therapy.

of the prescription dose, with a suggestion to keep this
volume <200 cm?."”

IMRT was used in a study of 129 patients who
received HFRT of 42.4 Gy in 16 fractions to the breast,
followed by a 9.6 Gy boost in 4 fractions via IMRT.”" In
review of dosimetry, the study found that V105 was
3.66% for patients with large breasts (chest wall separa-
tion >25 cm, or planning target volume >1500 cm®) and
1.91% for patients with small breasts (P = .04). The
researchers reported grade 2 acute skin toxicity of 28% in
patients with large breasts and 12% in patients with small
breasts (P = .008). In our study, patients treated with
HFRT had lower V105 than those with CFRT, which
persisted in the groups with larger breast size, but this was
not statistically significant. On multivariate analysis, there
was a trend toward decreased grade >2 skin toxicity with
HFRT compared with CFRT in patients with large breast
size, which may be related to the decreased V105 in this
group. We therefore recommend keeping the V105 of the
whole breast dose <50 cm® , if possible, which was the
mean in our patients with large breasts undergoing HFRT.

At our institution, for patients treated with HFRT,
keeping the maximum hotspot to <107% of the pre-
scription dose is a priority. To achieve this goal, higher-
energy beams are often used, leading to decreased dose
near the surface of the whole breast. Occasionally, a
compromise in coverage of the whole breast is accepted to
meet this goal as long as the lumpectomy bed has
adequate coverage. As a result, we found in our review
that several patients who were treated with HFRT did not
meet the ideal American Society for Radiation Oncology
guideline criteria of 95% prescription dose to 95% of the
breast volume. Despite this difference in coverage, there
was no difference in local control between the 2 groups. A
single local recurrence event occurred within the CFRT
group. Longer follow-up is needed to determine whether
there is a significant difference in local control between
the groups.

This is a retrospective study with a small sample size
and unbalanced arms because higher number of patients
receiving hypofractionation. The point of highest toxicity
was not uniformly recorded at the same time point, and
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arguably skin reaction peak may have been in the interval
between the last on-treatment visit and the first follow-up.
Data from randomized studies in the era of 3-dimensional
treatment, such as RTOG 1005, will be more definitive in
determining appropriate dosimetric criteria for treatment
planning in this population. Despite these limitations, we
believe that this study lends support to the current rec-
ommendations for hypofractionation regardless of breast
size, as long as physicians pay close attention to dosim-
etry and minimization of hot spots.

Limitations of this study also include lack of long-term
follow-up. Concerns remain that patients with larger
breasts will have increased fibrosis with hypofractionation
compared with conventional treatment. However, some
studies suggest that acute toxicity correlates with long-
term toxicity, and UK data to date suggest that at 10 years
there is less cosmetic change with hypofractionation.®!

Conclusions

Our data illustrated that HFRT is as effective as CFRT
in terms of local control and has decreased grade >2 acute
skin toxicity. This trend persists for patients with larger
breasts measured as a function of breast volume. Our
findings lend further support to the use of HFRT for pa-
tients of all breast sizes. Care should be taken to minimize
the volume of the breast receiving >105% of the pre-
scription dose to further reduce the risk of acute toxicity.
Our findings lend further support to the newly published
American Society for Radiation Oncology consensus
guideline that now recommends HFRT for patients of all
breait) sizes given that dose-homogeneity requirements are
met.
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