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Simple Summary: Moderate hypofractionated radiotherapy (HF) has become the standard fraction-
ation scheme for most breast cancer patients. Despite comprehensive data from large, randomized
trials, standardized assessment of patient reported outcome (PRO) and physiological changes after
HF are largely missing. In this prospective trial focusing on radiodermatitis, HF and conventional
normofractionated radiotherapy (CF) were compared using standardized Skindex-16 questionnaire
in addition to CTCAE assessment and ultrasound measurement of the skin. The results of the
current study complement and confirm existing evidence that HF leads to a lower degree of acute
radiodermatitis and better patient reported outcome compared to CF.

Abstract: The current study aims to determine whether hypofractionated radiotherapy (HF) leads
to lower rates of acute radiodermatitis compared to conventional normofractionated radiotherapy
(CF). A total of 166 patients with invasive breast cancer or DCIS were included in a prospective
cohort study. Evaluation of acute radiodermatitis was obtained before radiotherapy, at the end of
the treatment (T1), and 6 weeks after the treatment (T2) using CTCAE (v5.0) scores, the Skindex-16
questionnaire, and ultrasound measurement of the skin. CTCAE and Skindex-16 scores in the CF-
group were significantly higher compared to the HF group indicating more pronounced side effects
at the end of the treatment (CTCAE: CF-RT 1.0 (IQR: 0.0) vs. HF-RT 0.0 (0.25); p = 0.03; Skindex-16:
CF: 20.8 (IQR: 25.8); HF: 8.3 (27.1); p = 0.04). At 6 weeks after the treatment, no significant differences
between the two fractionation schemes were observed. Ultrasound based assessment showed that
the skin thickness in the treated breast was higher compared to the healthy breast at all time-points.
However, no significant difference between HF and CF was seen either at T1 or T2. The current
study complements and confirms pre-existing evidence that HF leads to a lower degree of acute
radiodermatitis and better patient reported outcome compared to CF at the end of treatment. This
should be considered whenever fractionation of adjuvant breast cancer treatment is being discussed.
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1. Introduction

Adjuvant radiotherapy in breast cancer patients effectively reduces the risk of locore-
gional recurrences and prolongs breast cancer specific survival [1]. In recent years, modern
organ-sparing techniques such as deep-inspiration breath hold have been implemented
in clinical practice to minimize the risk of late toxicities including cardiovascular diseases
and secondary malignancies [2]. Despite these advances in prevention of late toxicity,
the understanding and management of acute toxicity has remained unsatisfactory. Acute
radiodermatitis is by far the most common acute side effect of adjuvant breast cancer
radiotherapy, affecting 74-100% of all patients. Even though radiodermatitis represents
a reversible and non-dose-limiting side effect, related complaints such as pain, itching,
and burning have been shown to significantly reduce the quality of life during and after
the treatment [3]. Furthermore, the extent of radiodermatitis determines how stressful a
patient experiences the therapy [4].

Based on the START (Standardization of Breast Radiotherapy) B and Ontario Trial,
moderate hypofractionated (HF) radiotherapy with 40—-42.5 Gy in 15-16 Fx has become
the standard radiotherapy regimen for adjuvant breast cancer. Both studies demonstrated
oncological equivalence of conventional radiotherapy (CF) and HF as well as a reduction
in acute (and late) skin toxicity for HF [5,6]. These results were confirmed by recently
published 9-year follow-up data of a randomized Danish study (DBCG-HYPO trial [7]).
Smaller prospective and retrospective studies focusing specifically on acute skin toxicity
during hypofractionated radiotherapy consistently found that HF yields lower rates of
acute skin toxicity compared to CF [8,9].

However, the assessment of skin toxicity in previous studies was predominantly based
on clinical assessment by radiation oncologists. Most utilized scales were very brief and
focused exclusively on physical reactions such as erythema, edema, and desquamation [10].
Standardized classification systems (CTCAE, RTOG) based on such physical parameters do
not reliably reflect the patient’s burden and are characterized by considerable interobserver
variability [11,12]. Therefore, more detailed assessment of patient-reported complaints and
objective measurements indicating inflammatory changes are necessary to reliably obtain
differences between CF-whole breast irradiation (WBI) and HF-WBI.

For subjective assessment of skin toxicity, an accurate and sensitive questionnaire
(Skindex-16) has been developed by Chen et al. [11], which has been tested successfully
in earlier studies on radiodermatitis [13]. Liu et al. [11] established, in addition to this, a
quantitative and objective method to assess radiation-induced skin changes using ultrasonic
imaging. According to their results, measuring the thickening of dermis post-radiation
using B-mode images indicates inflammation and correlates with pathophysiological
changes. Thus, ultrasound may be a suitable technique for quantification of acute and late
toxicity in breast cancer patients undergoing radiotherapy.

Using these additional patient-related and objective measures, we aim to provide
a comprehensive comparison of differences regarding radiation-induced skin changes
between HF and CE. Additional analyses on this topic is warranted, as pattern of care
analyses reveal persisting concerns regarding the acute toxicity of radiation hypofractiona-
tion even though it is considered the standard fractionation scheme for most breast cancer
patients [14].

2. Materials and Methods

A total of 166 patients with invasive breast cancer or DCIS treated in our institute
between December 2016 and May 2019 were enrolled in this prospective cohort study.
Inclusion criteria comprised (1) adjuvant radiotherapy after breast conserving therapy (BET)
or mastectomy and (2) age > 18 years. All patients gave informed consent for radiotherapy
and participation in this trial. Treatment was carried out according to national guidelines
and institutional standard operating procedures. Planning computer tomography (CT)
scan of the thorax was obtained on a Somatom Emotion 16 scanner (Siemens Healthineers,
Erlangen, Germany). Treatment planning was performed using Eclipse 15.6 (Varian Medical
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Systems, Palo Alto, CA, USA) and all treatment plans were approved in our center by
a board of attending radiation oncologist prior to treatment. Prescribed dose was either
50.4 Gy in 28 Fx, 5 Fx per week, (n = 105) or 40.05 Gy in 15 Fx, 5 Fx per week, (n = 61)
depending on date of treatment, with conventional normofractionated radiotherapy (CF)
being the preferred schedule after lumpectomy for all patients treated before 2018. Patients
undergoing postmastectomy radiotherapy and/or irradiation of the lymph node areas
were predominantly treated with CF, irrespective of the date of treatment. All patients were
treated with photons (6/10/15 MeV) except for one patient that received an electron boost.
No bolus was used during the treatment. The EQD2 (assuming an &/ of 3.9 Gy [15]) was
48.7 Gy for CF and 44.6 Gy for HF. Patients receiving irradiation after lumpectomy without
inclusion of regional lymph node areas were predominantly treated with 3D conformal
radiotherapy, whereas patients receiving chest wall irradiation and/or irradiation of the
lymph node areas were predominantly treated with IMRT/VMAT. Hierarchical clustering
was used to define two subgroups receiving either CF (n = 38) or HF (n = 42) radiotherapy
with similar risk factors for radiodermatitis. The risk factors considered for clustering
were derived from previous studies [10,16,17] and comprised diabetes mellitus, cup size,
chemo, smoking status, and application of topic cremes. Before the start of radiotherapy,
all patients were offered the option of using Bepanthol lotion throughout the treatment.
In case of symptomatic skin irritation > CTCAE grade I, Bepanthen lotion was explicitly
recommended. The use of Anthyllis gel was recommended to patients that were also
treated in the Department of Integrative Medicine (Ingredients: Anthyllis vulneraria D3
tincture 10 g, hydroxyethyl cellulose 30 g). Patient characteristics of both groups are
summarized in Table 1.

For the final patient collective of this study, evaluation of the treatment plans includ-
ing PTV_Dmax, PTV_V80%, and PTV_V107% was performed [16]. Evaluation of acute
radiodermatitis was obtained before radiotherapy, at the end of the treatment, and 6 weeks
after the treatment. The CTCAE (v5.0) score was obtained by an experienced radiation
oncologist at all time points. In addition, patients were asked to answer the Skindex-16
questionnaire [11], which addresses patients” health-related quality of life and the psychoso-
cial and physical effects due to skin toxicity by measuring patient’s emotions (e.g., fear,
shame, and anger), symptoms (e.g., itching and pain), and functions (e.g., daily activities
and social life). For objective assessment of the skin changes during the radiotherapy, a spe-
cialist for breast ultrasound (German Society of Ultrasound in Medicine (DEGUM) level 2)
performed scans of the treated breast before, at the end, and 6 weeks after the treatment.
The skin thickness was measured with 18-4bMHz ultrasonic probe using a Philips EPIQ
7w with a linear transducer. The patient was laid in a supine position on the examination
bed with both arms up, behind the head. The thickness of the skin was measured at four
different locations at each breast: 12:00, 3:00, 6:00, and 9:00 o’clock around the mamilla.
The position of the transducer was kept vertical to the surface and was carefully placed on
the skin with minor pressure to avoid affecting the measurements of the skin. All images
were printed and attached to the ultrasound protocol where skin thickness was quantified
in millimeters.

Clustering and statistical analyses were performed using the programming language
R (version 4.0.2) running in RStudio (version 1.2.5033). Hierarchical clustering method to
obtain clusters of similar sub-populations as described above was performed using the
package factoextra. The baseline values (demographic data) from our study, are reported
descriptively, i.e., absolute and relative frequency for categorical or binary variables, me-
dian (interquartile range (IQR)) for continuous variables. All parameters in the paper were
not normally distributed. Therefore, differences between the two subgroups were tested
for statistical significance using the Wilcoxon signed-rank test.
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Table 1. Patients’ characteristics after hierarchical clustering. Missing values account for deviations
from 100% in same categories.

Variable CF HF Total
1 (%) 38 (47.5%) 42 (52.5%) 80 (100.0%)
Age
Mean (SD) 55.6 (11.9) 61.3 (13.0) 58.6 (12.8)
Body Mass Index
Mean (SD) 25.1(3.8) 24.7 (4.5) 249 (4.2)
Diabetes Mellitus
No 37 (97.4%) 42 (100.0%) 79 (98.8%)
Smoker
No 36 (94.8%) 42 (100.0%) 78 (97.5%)
Cup-Size
A 1(2.6%) 8 (19.1%) 9 (11.3%)
B 19 (50.0%) 13 (31.0.%) 32 (40.0%)
C 10 (26.3%) 10 (23.8%) 20 (25.0%)
D 4 (10.5%) 7 (16.7%) 11 (13.8%)
E 1 (2.6%) 1 (2.4%) 2 (2.5%)
F 0 (0.0%) 1 (2.4%) 1(1.3%)
Side
Right 25 (65.8%) 23 (54.8%) 48 (60.0%)
Left 13 (34.2%) 19 (45.3%) 32 (40.0%)
Topic Cremes
Bepanthen 16 (42.1%) 16 (38.1%) 32 (40.0%)
No Creme 15 (39.5%) 18 (42.9%) 33 (41.3%)
Anthyllis 4 (10.5%) 4 (9.5%) 8 (10.0%)
Both 3 (7.9%) 4 (9.5%) 7 (8.8%)
Surgery Typ
BET 30 (79.0%) 41 (97.6%) 71 (88.8%)
Mastectomy 7 (18.4%) 1 (2.4%) 8 (10.0%)
others 1(2.6%) 0 (0.0%) 1(1.3%)
Lymph Node surgery
SLNB 16 (42.1%) 39 (92.9%) 55 (68.8%)
None 12 (31.6%) 0 (0.0%) 12 (15.0%)
ALND 10 (26.3%) 3 (7.1%) 13 (16.3%)
Chemotherapy
None 29 (76.3%) 38 (90.5%) 67 (83.8%)
Neo-Adjuvant 8 (21.1%) 4 (9.5%) 12 (15.0%)
Adjuvant 1 (2.6%) 0 (0.0%) 1 (1.3%)
Lymph node irradiation
0 24 (63.2%) 40 (95.2%) 64 (80.0%)
1 14 (36.8%) 1 (2.4%) 15 (18.8%)
Photon Energy
6 MV 22 (57.9%) 21 (50.0%) 43 (53.8%)
6/15 MV 12 (31.6%) 15 (35.7%) 27 (33.8%)
6/10 MV 4 (10.53%) 1(2.38%) 5 (6.25%)
Boost
Yes 20 (52.6%) 29 (69.1%) 49 (61.3%)
No 18 (47.4%) 13 (31.0%) 31 (38.8%)
3. Results

3.1. Dose Distribution PTV

Dose distribution in the PTV was similar between the CF-RT and HF-RT group:
PTV_Dmax: 107.2% vs. 107.0% (p = 0.72); PTV_V80%: 93.0% vs. 90.2% (p = 0.08); and
PTV_V107%: 0.06% vs. 0.02% (p = 0.42).

3.2. Differences between CTCAE Scores

At the end of the treatment (T1) CTCAE scores in the CF-group were significantly
higher compared to the HF group (CF-RT 1.0 (0.0) vs. HF-RT 0.0 (0.25); p = 0.03). Six
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weeks after the treatment (T2), only small and insignificant differences between the two
groups were observed (CF-RT 0.0 (0.0) vs. HF-RT 0.0 (0.3); p = 0.39). Figure 1 delineates the
differences of CTCAESs scores at the end of treatment and at 6 weeks follow-up.
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Figure 1. Differences of CTCAE scores between HF-WBI and CF-RT at the end of radiotherapy (T1) and 6 weeks after the
treatment (T2). (a) Box-Plot diagrams and (b) distribution of values.

3.3. Differences between Skindex-16

The Skindex-16 scores at the end of radiotherapy were significantly higher compared
to the baseline assessment indicating an impairment of emotions, symptoms, and/or
functioning caused by the treatment. The Skindex-16 scores were significantly higher after
CF compared to HE. Six weeks after the treatment, the Skindex-16 scores were similar to
the baseline scores and no significant difference between CF and HF was observed. The
results are summarized in Table 2.

Table 2. Differences of CF and HF based on Skindex-16 questionnaire for three different categories (emo-

tions, symptoms, and functioning). Missing values account for deviations from 100% in same categories.

Variable T CF HF CF vs. HF
Emotions
T0 0(8.9) 0(4.8) 0(0;0)p=0.68
T1 19.1 (25.0) 7.1(27.4) 11.9 (0; 14.3) p = 0.05
T2 0.0 (7.1) 0(13.1) 0.0 (0;0.0)p=0.76
Symptoms
T0 0(12.5) 4.2 (12.5) —42(0;0)p=0.79
T1 33.3 (41.7) 29.2 (41.7) 4.2(-0.0;20.8) p=0.11
T2 8.3(17.7) 4.17 (25.0) 42(0;,4.2)p =055
Functioning
T0 0(6.67) 0 (0.0) 0(0;0)p=0.13
T1 6.7 (16.67) 0(10.0) 6.7 (0;6.7) p=0.15
T2 0(6.7) 0(3.3) 0(0;0)p =057
Total
T0 1.0 (8.3) 2.1(6.3) —1.0(-1.0;,1.04) p=0.84
T1 20.8 (25.8) 8.3 (27.1) 12.5(—1.0; 14.6) p = 0.04
T2 3.7 (7.6) 2.1(9.6) 1.6(-2.1;3.1)p=0.55

3.4. Differences of Skin Thickness

The skin thickness measured by ultrasound was higher compared to the healthy breast
at all time-points. For the treated breast the skin thickness increased after the treatment.
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However, no significant difference between HF-WBI and CF-WBI was seen both at T1 and

T2 (Figure 2).
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Figure 2. Differences of skin thickness between HF (red) and CF (green) at the end of radiotherapy (T1) and 6 weeks after
the treatment (T2). Healthy breast (a,b) and treated breast (c,d); (a,c) Box-Plot diagrams and (b,d) distribution of values.

4. Discussion

The current prospective evaluation of physician- and patient-reported outcomes
confirms that hypofractionated whole breast irradiation yields lower rates of acute toxic
effects compared to normofractionated radiotherapy. The objective assessment of skin
changes based on ultrasound did not indicate significant differences between HF and CF.

One of the main reasons national and international guidelines consistently adopted
hypofractionation after the publication of the randomized START B and Ontario Trial was
the favorable toxicity profile of this dose regimen. Nonetheless, doubts about increased tox-
icity persist [14], especially due to a lack of patient-related outcome parameters, as well as
objective measurement criteria in previous studies. Based on a review by Schnur et al. [10]
only 9% of the studies on radiodermatitis included a patient-rated measure, and most
studies focused almost exclusively on physical reactions.

A strength of the current study is the detailed assessment of patients reported out-
comes. No significant difference of “symptoms” was reported between the CF and HF
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group at the end of the treatment based on the Skindex-16 questionnaire, despite clear
differences in CTCAE scores. Instead, we observed a significant difference for “emotions”
based on the appearance of the skin. This emphasizes the importance of evaluation of
patient reported outcomes, as physicians tend to focus on the symptoms of radiodermatitis
(itching, burning, and pain), instead of the cosmetic and emotional impact [10].

Our results indicate a favorable impact of moderate HF based on patient and physician
assessment in accordance with earlier studies on the subject. A randomized study by
Shaitelman et al. [18] compared acute side effects measured by CTCAE scores and the
FACT-B questionnaire between hypofractionation and normofractionated radiotherapy,
and showed significantly higher rates of maximum physician-reported acute dermatitis
(36% vs. 69%; p < 0.001), pruritus (54% vs. 81%; p < 0.001), breast pain (55% vs. 74%;
p = 0.001), hyperpigmentation (9% vs. 20%; p = 0.002), and fatigue (9% vs. 17%; p = 0.02) in
patients receiving normofractionated radiotherapy. For patient reported outcome, no data
were evaluated immediately after the end of radiotherapy. At 6-month follow-up, outcomes
for “lack of energy” and “trouble meeting family needs” favored patients randomized to
HEF. A previous analysis of Quality of Life (QOL) outcomes from the START trials revealed a
lower rate of patient-reported moderate to marked breast, arm, and shoulder symptoms in
patients randomized to HF [19]. Once again, acute toxicity immediately after the treatment
was not reported. In our current study, we focused on side effects immediately after
treatment and within the first 6 weeks, complementing the existing evidence on skin
toxicity after hypofractionated radiotherapy.

Summarizing the available evidence, hypofractionated radiotherapy seems to be
superior compared to CF with regard to acute radiodermatitis. The improvement of quality
of life and the lower degree of skin toxicity during hypofractionation radiotherapy should
be taken into consideration whenever the optimal fraction scheme is being discussed
(e.g., DCIS, Postmastectomy irradiation, or lymph node irradiation).

The objective assessment of skin thickness by ultrasound did not show a significant
difference between hypofractionated radiotherapy and normofractionated radiotherapy.
This might be attributable to the fact that most patients developed only mild radioder-
matitis and differences between HF and CF were too small to be detected by ultrasound.
However, the treated breast clearly showed a larger skin thickness compared to the healthy
contralateral side, which is in accordance with earlier studies [20].

In a randomized trial, Schmeel at al. [8] observed a decreased erythema severity and
hyperpigmentation in the hypofractionation arm compared to CF using spectrophotometry.
Spectrophotometry can reliably detect and quantify erythema, which is frequently the first
reaction of the irradiated skin. However, it cannot detect changes in the deeper layers of
the skin, which can be particularly relevant for the long-term effects. Hence, the optimal
method for objective and reproducible assessment of radiotherapy remains unclear.

In the START B and Ontario trials, a single dose of 2 Gy was used for CF. However,
according to pattern-of-care surveys, a schedule of 50.4 Gy in 28 Fx is more commonly used
during CF in daily practice [14], which is why this schedule was chosen for the current
study. Both fractionation schedules are within the recommended range for CF in NCCN
guidelines [21] and differ only slightly with regard to EQD2 and total treatment time.

A potential limitation of this current trial is the fact that the course of the radioder-
matitis was not monitored until the first follow-up after 6 weeks. Therefore, it is possible
that in some patients the “peak” of radiation dermatitis was not detected.

5. Conclusions

Hypofractionation leads to a lower degree of acute radiodermatitis compared to
CF and is associated with better patient reported outcome in adjuvant breast cancer ra-
diotherapy. This should be taken into consideration whenever HF and CF are being
discussed as potential treatment options. Further, our results emphasize the importance
of patient reported outcomes for the correct assessment of radiodermatitis in future tri-
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als (e.g., on ultra-hypofractionation), as CTCAE scores and objects measurements do not
reliably reflect the patient’s perception.
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