
Frontiers in Oncology

OPEN ACCESS

EDITED BY

Stefano Pergolizzi,
University of Messina, Italy

REVIEWED BY

Lu Cao,
Shanghai Jiao Tong University, China
Shahram Taeb,
Gilan University of Medical
Sciences, Iran

*CORRESPONDENCE

Carlos E. Vargas
Vargas.Carlos@Mayo.edu

SPECIALTY SECTION

This article was submitted to
Radiation Oncology,
a section of the journal
Frontiers in Oncology

RECEIVED 15 April 2022
ACCEPTED 08 August 2022

PUBLISHED 26 August 2022

CITATION

Laughlin BS, Bhangoo RS, Thorpe CS,
Golafshar MA, DeWees TA,
Anderson JD, Vern-Gross TZ,
McGee LA, Wong WW, Halyard MY,
Keole SR and Vargas CE (2022)
Patient-reported outcomes for
patients with breast cancer
undergoing radiotherapy: A single-
center registry experience.
Front. Oncol. 12:920739.
doi: 10.3389/fonc.2022.920739

COPYRIGHT

© 2022 Laughlin, Bhangoo, Thorpe,
Golafshar, DeWees, Anderson, Vern-
Gross, McGee, Wong, Halyard, Keole
and Vargas. This is an open-access
article distributed under the terms of
the Creative Commons Attribution
License (CC BY). The use, distribution
or reproduction in other forums is
permitted, provided the original
author(s) and the copyright owner(s)
are credited and that the original
publication in this journal is cited, in
accordance with accepted academic
practice. No use, distribution or
reproduction is permitted which does
not comply with these terms.

TYPE Original Research
PUBLISHED 26 August 2022

DOI 10.3389/fonc.2022.920739
Patient-reported outcomes for
patients with breast cancer
undergoing radiotherapy:
A single-center
registry experience
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Michael A. Golafshar2, Todd A. DeWees2, Justin D. Anderson1,
Tamara Z. Vern-Gross1, Lisa A. McGee1, William W. Wong1,
Michele Y. Halyard1, Sameer R. Keole1 and Carlos E. Vargas1*

1Department of Radiation Oncology, Mayo Clinic, Phoenix, AZ, United States, 2Department of
Health Sciences Research, Mayo Clinic, Scottsdale, AZ, United States
Background: We present Patient-Reported Outcomes Version of the

Common Terminology Criteria for Adverse Events (PRO-CTCAE) for

patients undergoing adjuvant radiotherapy for breast cancer with curative

intent. We describe the frequency and severity of PRO-CTCAE and analyze

them with respect to dose fractionation.

Methods: Patients were included in this study if they were treated with curative

intent for breast cancer and enrolled on a prospective registry. Patients must

have completed at least one baseline and one post-radiation survey that

addressed PRO-CTCAE. For univariate and multivariate analysis, categorical

variables were analyzed by Fisher’s exact test and continuous variables by

Wilcoxon rank sum test. PRO-CTCAE items graded ≥2 and ≥3 were analyzed

between patients who received hypofractionation (HF) versus standard

conventional fractionation (CF) therapy by the Chi-square test.

Results: Three hundred thirty-one patients met inclusion criteria. Pathologic

tumor stage was T1–T2 in 309 (94%) patients. Eighty-seven (29%) patients were

node positive. Two hundred forty-seven patients (75%) experienced any PRO-

CTCAE grade ≥2, and 92 (28%) patients experienced any PRO-CTCAE grade ≥3.

CF was found to be associated with an increased risk of grade ≥3 skin toxicity,

swallowing, and nausea (all p < 0.01). HF (OR 0.48, p < 0.01) was significant in

themultivariate model for decreased risk of any occurrence of PRO-CTCAE ≥3.

Conclusions: Our study reports one of the first clinical experiences utilizing

multiple PRO-CTCAE items for patients with breast cancer undergoing
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radiation therapy with curative intent. Compared with CF, HF was associated

with a significant decrease in any PRO-CTCAE ≥3 after multivariate analysis.
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Introduction

In the setting of clinical cancer trials, physicians have been

traditionally responsible for grading and recording patient

adverse events according to the US National Cancer Institute’s

(NCI) Common Terminology Criteria for Adverse Events

(CTCAE). However, studies have shown that physician ratings

of adverse events may not be accurate and that patient self-

reporting of their side effects may provide complementary

information to the provider’s determinations (1–3). Interest in

a standardized approach for patient-reported adverse events led

to the creation of the NCI’s Patient-Reported Outcomes Version

of the CTCAE (PRO-CTCAE) (4). PRO-CTCAE items address

three areas: frequency, severity, and interference with daily life.

Individual items were initially adapted from CTCAE symptoms

amenable to self-reporting.

PRO-CTCAE has been demonstrated to be valid and reliable

against other quality-of-life measures across multiple

malignancies (5). For patients undergoing radiation, site-

specific PRO-CTCAE questionnaires were shown to be valid in

assessing symptomatic toxicities (6). Feasibility of employing

PRO-CTCAE has also been reported both at an institutional

level and for a prospective clinical trial (7–9). NRG Oncology

RTOG 1203 (comparing intensity modulated radiation therapy

(IMRT) with standard four-field radiotherapy for gynecologic

cancers) revealed a significant decrease in GI toxicities for IMRT

patients when using PRO-CTCAE but did not reveal a

corresponding difference in physician-reported CTCAE (10).

As discussed above, much of the evidence for PRO-CTCAE

has focused on reliability, validity, and feasibility. Studies

reporting PRO-CTCAE for patients undergoing radiation for a

specific cancer are limited. Given the incidence of breast cancer

and that radiotherapy is a common component of its treatment

regimen, evaluating PRO-CTCAE in the context of breast cancer

treatment would be particularly useful.
irradiation; CTCAE,

CI, National Cancer

orative Group; PRO-

ommon Terminology

-Reported Outcomes
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This study was designed with the intent to capture patient

reported toxicities in patients with breast cancer. We present an

initial clinical experience with PRO-CTCAE for patients

undergoing adjuvant radiotherapy for breast cancer with curative

intent. We describe the frequency and severity of adverse events

using PRO-CTCAE in this population and analyze them with

respect to clinical and radiotherapy characteristics.
Methods

Study design, patient selection, and
survey administration

Patients at a single institution were eligible if they were

enrolled with the Proton Collaborative Group (PCG; REG001-

09, NCT01255748, informed consent obtained), which is a

prospective multi-institutional observational study for patients

treated at proton therapy centers within the United States.

Institutional Review Board (IRB 19-000891) was also obtained.

Patients were included in this study if they were treated with

curative intent for breast cancer using either photon or proton

therapy betweenMarch 2016 and June 2019. Patients withmetastatic

disease were eligible if the treating physician determined the

radiation therapy to be curative. All curative dosing fractionations

were allowed. Patients undergoing whole breast, chest wall, or

accelerated partial breast irradiation (APBI) were included for

analysis. Technique to address lymph nodes at the time of surgery

was not required for this study. Patients could have received systemic

therapy as part of their treatment regimen at any time point.

Patients must have completed at least one baseline and one

post-radiation survey which addressed PRO-CTCAE; otherwise,

they were excluded from this analysis. In our department,

patient surveys are routinely administered before, during, and

after completion of radiotherapy (baseline, end of treatment, 3

months, 6 months, 12 months, and annually thereafter). We

utilize the Patient-Reported Outcomes Measurement

Information System 10 (PROMIS-10), which has been

validated across multiple medical specialties (11, 12).

Additional surveys administered include the Expanded

Prostate Cancer Index breast-specific questions and an

institution-specific PRO survey. Patients are not required to

complete every survey provided to them.
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Radiotherapy

Radiation technique (proton or photon), dose fractionation,

lumpectomy boost, lymph node coverage, and target volumes

were all determined by the treating physician and treatment

planning team. Bolus was not used for any patients. Organ-at-

risk (OAR) dose constraints generally followed the institutional

guidelines. Hypofractionation (HF) was defined as a dose per

fraction >2 Gy. Proton therapy was delivered by a Hitachi pencil

beam scanning treatment deliver system.
Data collection

Patient, tumor, and treatment characteristics were collected

from the PCG database. When necessary, additional data were

obtained from electronic medical record system. As described

above, three surveys related to patient-reported outcomes and

quality-of-life measures are routinely administered to patients in

our department. From these surveys, 14 symptom-related questions

were selected to be included for evaluation as they reflected PRO-

CTCAE items. Symptoms included anxiety, appetite, concentration,

constipation, cough, insomnia, interference with breathing, nausea,

sadness, severity of breathing interference, skin toxicity, stools

(diarrhea), swallowing, and tingling. Each item is scored on a

five-point Likert scale with regard to frequency, severity, and

interference. Physician reported toxicities were also gathered

using CTCAE version 4.0. Toxicities were considered acute or

late whether they occurred before or after 3 months following

adjuvant radiotherapy, respectively.
Statistical analysis

Descriptive statistics were used to report patient, tumor,

treatment, and PRO-CTCAE characteristics. For univariate and

multivariate analysis, categorical variables were analyzed by

Fisher’s exact test and continuous variables by Wilcoxon rank

sum test. PRO-CTCAE items graded ≥2 and ≥3 were specifically

analyzed between patients who received HF versus standard

fraction therapy by Chi-square test.
Results

Patient and tumor characteristics

Three hundred thirty-one patients met inclusion criteria,

246 of which underwent HF and 85 underwent (CF). Baseline

patient and tumor characteristics between patients treated with

HF vs. CF are listed in Table 1. The median age at radiation

therapy (RT) start was 60.0 years (62 HF vs. 54 CF). Most
Frontiers in Oncology 03
patients were Caucasian (312, 95%) with an Eastern Cooperative

Oncology Group performance status (ECOG) 0 (219, 66%). Left-

sided breast cancer (168, 51%) was slightly more common than

right-sided breast cancer. Histology was most commonly

invasive ductal carcinoma (283, 85%) and grades 1–2 (219,

66%). Estrogen receptor positivity was noted in 271 (82%)

tumors, whereas human epidermal growth factor receptor 2

(HER-2) positivity was found in 74 (23%) patients. Pathologic

tumor stage was T1–T2 in 309 (94%) patients. Eighty-seven

(29%) patients were node-positive and only four (1%) patients

had a metastasis at the time of initial diagnosis. Metastatic sites

of disease in the four patients include liver (two), posterior

mediastinal lymph node (one), and bone (one). All patients with

metastatic disease received neoadjuvant chemotherapy and/or

HER-2–directed therapy followed by modified radical

mastectomy, followed by chest wall and regional nodal

irradiation. These patients were then treated with adjuvant

therapy such as endocrine therapy and or HER-2–directed

therapy such as pertuzumab and trastuzumab. Of the two

patients with liver metastases, one underwent partial hepatic

resection. The other patient developed a clinical and

radiographic response following neoadjuvant chemotherapy

and did not undergo hepatic resection. The patient with bone

metastases received palliative radiation 30 Gy in 10 fractions to

multiple sites of bony metastasis. The patient initially presenting

with a posterior mediastinal lymph node developed an excellent

response to neoadjuvant chemotherapy and continued with

HER-2–directed therapy after adjuvant radiotherapy.
Treatment characteristics

Table 1 also highlights the treatment characteristics in this

patient cohort. Breast-conserving surgery, which consisted of

lumpectomy, occurred in 202 (82%) and 47 (55%) who

underwent adjuvant hypofractionated radiotherapy and

conventionally fractionated radiotherapy, respectively.

Mastectomy was performed in 53 (16%) patients, and

lumpectomy was performed in 278 (84%). CF was more likely

to be performed following mastectomy, with 17 (7%) HF vs. 31

(37%) CF (p < 0.001). A re-excision of a positive margin was

performed in 34 (10%). Reconstruction occurred in 6 (2%) HF

and 20 (24%) CF (p < 0.001). Sentinel lymph node biopsy (SLNB)

occurred in 223 patients (67%) total, which consisted of 181 (55%)

HF and 42 (12%) CF. CF was also more likely to be performed

after axillary lymph node dissection with 17 (7%) undergoing HF

and 54 (64%) undergoing CF (p < 0.001). A total of 37 (11%)

patients did not undergo SLNB or ALND. Chemotherapy was

administered—either in the neoadjuvant or adjuvant setting—to

129 (39%) patients: 71 (21.4%) HF and 58 (18%) CF.

Photons were utilized in 281 (85%) and protons were utilized

in 50 (15%) patients. Photons were delivered in 281 (85%), and
frontiersin.org
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TABLE 1 Patient and treatment characteristics by fractionation.

All (N = 331) Hypofractionation (N = 246) Standard fractionation(N = 85) p-value

Age at RT Start <0.0011

Mean (SD) 58.6 (11.2) 59.8 (10.1) 55.0 (13.2)

Median 60.0 62.0 54.0

Range 29.0–87.0 31.0–87.0 29.0–82.0

Race 0.3782

White 312 (95.1%) 233 (95.9%) 79 (92.9%)

Non-White 16 (4.9%) 10 (4.1%) 6 (7.1%)

Missing 3 3 0

Ethnicity 0.5242

Hispanic 32 (9.8%) 22 (9.1%) 10 (11.8%)

Non-Hispanic 296 (90.2%) 221 (90.9%) 75 (88.2%)

Missing 3 3 0

Height (cm) 0.3201

Mean (SD) 164.4 (6.3) 164.2 (6.1) 165.0 (6.7)

Median 164.0 164.0 165.0

Range 148.0–183.0 148.0–181.1 150.0–183.0

Weight (kg) 0.9231

Mean (SD) 75.0 (17.3) 74.9 (17.8) 75.1 (15.7)

Median 71.2 71.2 71.2

Range 45.7–147.6 45.7–147.6 49.0–118.0

BMI 0.8171

Mean (SD) 27.8 (6.2) 27.8 (6.4) 27.6 (5.6)

Median 26.8 26.8 26.7

Range 17.3–50.7 17.3–50.7 19.2–43.9

ECOG <0.0012

0 219 (66.2%) 179 (72.8%) 40 (47.1%)

1 108 (32.6%) 64 (26.0%) 44 (51.8%)

2 4 (1.2%) 3 (1.2%) 1 (1.2%)

ECOG 1+ <0.0012

Yes 112 (33.8%) 67 (27.2%) 45 (52.9%)

No 219 (66.2%) 179 (72.8%) 40 (47.1%)

ECOG 2+ 1.0002

Yes 4 (1.2%) 3 (1.2%) 1 (1.2%)

No 327 (98.8%) 243 (98.8%) 84 (98.8%)

ER 0.0352

Positive 271 (81.9%) 208 (84.6%) 63 (74.1%)

Negative 60 (18.1%) 38 (15.4%) 22 (25.9%)

PR 0.1822

Positive 255 (77.0%) 194 (78.9%) 61 (71.8%)

Negative 76 (23.0%) 52 (21.1%) 24 (28.2%)

HER2 0.0022

Yes 33 (10.1%) 19 (7.8%) 14 (16.9%)

No 219 (67.2%) 159 (65.4%) 60 (72.3%)

Not reported 74 (22.7%) 65 (26.7%) 9 (10.8%)

Missing 5 3 2

Triple-Negative 0.0662

Yes 27 (8.3%) 16 (6.6%) 11 (13.3%)

No 299 (91.7%) 227 (93.4%) 72 (86.7%)

(Continued)
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TABLE 1 Continued

All (N = 331) Hypofractionation (N = 246) Standard fractionation(N = 85) p-value

Missing 5 3 2

Laterality 1.0002

Right 163 (49.2%) 121 (49.2%) 42 (49.4%)

Left 168 (50.8%) 125 (50.8%) 43 (50.6%)

Surgery Type <0.0011

Lumpectomy 229 (93.1%) 49 (57.6%) 278 (84.0%)

Mastectomy 17 (6.9%) 36 (42.4%) 53 (16.0%)

Reconstruction After Mastectomy <0.0012

Yes 26 (7.9%) 6 (2.4%) 20 (23.5%)

No 304 (91.8%) 240 (97.6%) 64 (75.3%)

Not reported 1 (0.3%) 0 (0.0%) 1 (1.2%)

Any Chemotherapy <0.0012

Yes 129 (39.0%) 71 (28.9%) 58 (68.2%)

No 202 (61.0%) 175 (71.1%) 27 (31.8%)

Adjuvant Chemotherapy 0.1432

Yes 49 (39.5%) 31 (45.6%) 18 (32.1%)

No 75 (60.5%) 37 (54.4%) 38 (67.9%)

Missing 207 178 29

Neoadjuvant Chemotherapy 0.1382

Yes 77 (62.1%) 38 (55.9%) 39 (69.6%)

No 47 (37.9%) 30 (44.1%) 17 (30.4%)

Missing 207 178 29

Concurrent Chemo 0.0012

Yes 39 (11.8%) 20 (8.1%) 19 (22.4%)

No 292 (88.2%) 226 (91.9%) 66 (77.6%)

Anthracycline 1.0002

Yes 14 (10.5%) 8 (10.8%) 6 (10.2%)

No 119 (89.5%) 66 (89.2%) 53 (89.8%)

Missing 198 172 26

Modality <0.0012

Proton 50 (15.1%) 24 (9.8%) 26 (30.6%)

Photon 281 (84.9%) 222 (90.2%) 59 (69.4%)

Total Dose <0.0011

Mean (SD) 42.6 (4.3) 40.2 (0.5) 49.7 (1.5)

Median 40.0 40.0 50.0

Range 40.0–50.4 40.0–42.8 45.0–50.4

Total Fractions <0.0011

Mean (SD) 17.8 (4.8) 15.0 (0.2) 25.9 (1.5)

Median 15.0 15.0 25.0

Range 15.0–28.0 15.0–17.0 22.0–28.0

Dose per Fraction <0.0011

Mean (SD) 2.5 (0.3) 2.7 (0.0) 1.9 (0.1)

Median 2.7 2.7 2.0

Range 1.8–2.7 2.5–2.7 1.8–2.1

Boost 0.1982

Yes 131 (39.6%) 92 (37.4%) 39 (45.9%)

No 200 (60.4%) 154 (62.6%) 46 (54.1%)

Boost Dose 0.7871

(Continued)
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TABLE 1 Continued

All (N = 331) Hypofractionation (N = 246) Standard fractionation(N = 85) p-value

Mean (SD) 9.9 (0.6) 9.9 (0.5) 9.9 (0.7)

Median 10.0 10.0 10.0

Range 5.4–10.5 7.5–10.0 5.4–10.5

Boost Fractions 0.0501

Mean (SD) 4.8 (0.5) 4.7 (0.5) 4.9 (0.4)

Median 5.0 5.0 5.0

Range 3.0–5.0 3.0–5.0 3.0–5.0

Target <0.0012

WBRT 254 (77.0%) 225 (91.5%) 29 (34.5%)

CW 71 (21.5%) 17 (6.9%) 54 (64.3%)

PBI 5 (1.5%) 4 (1.6%) 1 (1.2%)

Missing 1 0 1

Lymph Node Coverage <0.0012

Yes 48 (35.8%) 19 (18.1%) 29 (100.0%)

No 86 (64.2%) 86 (81.9%) 0 (0.0%)

Missing 197 141 56

Subsequent Cancer Treatment 1.0002

Yes 168 (68.6%) 128 (68.4%) 40 (69.0%)

No 77 (31.4%) 59 (31.6%) 18 (31.0%)

Missing 86 59 27

Bolus <0.0011

Mean (SD) 0.2 (0.4) 0.1 (0.2) 0.6 (0.5)

Median 0.0 0.0 1.0

Range 0.0–1.0 0.0–1.0 0.0–1.0

Histology 0.9832

Invasive ductal 283 (85.5%) 209 (85.0%) 74 (87.1%)

Invasive lobular 13 (3.9%) 10 (4.1%) 3 (3.5%)

Mixed ductal and lobular 5 (1.5%) 4 (1.6%) 1 (1.2%)

Other 30 (9.1%) 23 (9.3%) 7 (8.2%)

Ductal Only 0.7232

Yes 283 (85.5%) 209 (85.0%) 74 (87.1%)

No 48 (14.5%) 37 (15.0%) 11 (12.9%)

pT <0.0012

T0 25 (7.6%) 15 (6.1%) 10 (11.8%)

Tis (DCIS) 52 (15.8%) 45 (18.4%) 7 (8.2%)

T1 169 (51.2%) 146 (59.6%) 23 (27.1%)

T2 63 (19.1%) 31 (12.7%) 32 (37.6%)

T3 21 (6.4%) 8 (3.3%) 13 (15.3%)

Missing 1 1 0

pT 3+ <0.0012

Yes 21 (6.4%) 8 (3.3%) 13 (15.3%)

No 309 (93.6%) 237 (96.7%) 72 (84.7%)

Missing 1 1 0

DCIS 0.0262

Yes 52 (15.8%) 45 (18.4%) 7 (8.2%)

No 278 (84.2%) 200 (81.6%) 78 (91.8%)

Missing 1 1 0

pN <0.0012

(Continued)
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protons were delivered in 50 patients (15%). Protons were more

likely to be delivered in patients receiving CF (26/85; 31%) vs. HF

(24/246; 10%). Target coverage was to the whole breast in 254

(77%) patients, chest wall in 71 (22%) patients, and partial breast

in five (1%) patients. Whole breast radiation was more likely to be

HF (225/246; 92%) than CF (29/85; 35). Patients undergoing

radiation following mastectomy were more likely to receive CF

(54/85; 64.3%) compared with HF (17/246; 91.5%).

Forty-eight (36%) patients receiving lymph node coverage, with

patients receiving CF more likely to have axillary lymph nodes

included in the target volume than HF (34.1% vs. 7.7%, p < 0.001).

The median dose/fractionation was 40.05 Gy/15 fractions for the

HF group and 50 Gy/25 fractions for the CF group. The median

boost dose/fractionation was 10 Gy/5 fractions for both groups.

Forty-eight (36%) patients had lymph node coverage included in

radiation treatment: 19(8%) HF and 29 CF (34%).
Frontiers in Oncology 07
Patient-reported adverse events

Two hundred forty-seven patients (75%) experienced any PRO-

CTCAE grade ≥2 (Table 2), and 92 (28%) patients experienced any

PRO-CTCAE grade ≥3 toxicity (Table 3). Table 4 highlights the

individual grade ≥2 PRO-CTCAE toxicities. Grade 2+ PROs were

experienced by 176/246 (72%) HF and 71/85 (84%), with CF

correlating with higher rates of grade 2+ PRO-CTCAE (p < 0.03).

When evaluating modality, there was a statistically significant

difference (p = 0.021) in grade ≥2 PRO-CTCAE in patients

treated with protons (44/50; 88%) vs. photons (203/281; 72%).

However, there was no difference in PRO-CTCAE grade ≥2 skin

toxicity between protons and photons (14.2% vs. 11.5%). In

addition, there was no difference in grade >3 PRO-CTCAE

between protons (21/50; 42%) and photons (85/281; 30%) (p =

0.10). Skin toxicity (204, 76%) and insomnia (133, 40%) were the
TABLE 1 Continued

All (N = 331) Hypofractionation (N = 246) Standard fractionation(N = 85) p-value

N0 211 (70.8%) 187 (86.6%) 24 (29.3%)

N1mi 5 (1.7%) 3 (1.4%) 2 (2.4%)

N1 50 (16.8%) 17 (7.9%) 33 (40.2%)

N2 24 (8.1%) 8 (3.7%) 16 (19.5%)

N3 8 (2.7%) 1 (0.5%) 7 (8.5%)

Missing 33 30 3

Node Positive <0.0012

Yes 87 (29.2%) 29 (13.4%) 58 (70.7%)

No 211 (70.8%) 187 (86.6%) 24 (29.3%)

Missing 33 30 3

cM 0.2732

M0 327 (98.8%) 244 (99.2%) 83 (97.6%)

M1 4 (1.2%) 2 (0.8%) 2 (2.4%)

Grade 0.0242

1 71 (21.5%) 61 (24.9%) 10 (11.8%)

2 148 (44.8%) 108 (44.1%) 40 (47.1%)

3 111 (33.6%) 76 (31.0%) 35 (41.2%)

Missing 1 1 0

SLNB <0.0012

Yes 223 (67.4%) 181 (73.6%) 42 (49.4%)

No 108 (32.6%) 65 (26.4%) 43 (50.6%)

ALND <0.0012

Yes 71 (21.5%) 17 (6.9%) 54 (63.5%)

No 260 (78.5%) 229 (93.1%) 31 (36.5%)

Any Grade 2+ PRO 0.0302

Yes 247 (74.6%) 176 (71.5%) 71 (83.5%)

No 84 (25.4%) 70 (28.5%) 14 (16.5%)

Any Grade 3+ PRO <0.0012

Yes 106 (32.0%) 65 (26.4%) 41 (48.2%)

No 225 (68.0%) 181 (73.6%) 44 (51.8%)
fronti
1Linear model ANOVA.
2Fisher’s exact test for count data.
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TABLE 2 Patient characteristics by patients with any grade 2+ PRO CTCAE.

Any Grade 2+ PRO CTCAE

All (N = 331) Yes (N = 247) No (N = 84) p-value

Modality 0.0211

Proton 50 (15.1%) 44 (17.8%) 6 (7.1%)

Photon 281 (84.9%) 203 (82.2%) 78 (92.9%)

Age at RT Start 0.4652

Mean (SD) 58.6 (11.2) 58.3 (11.6) 59.3 (9.9)

Median 60.0 59.0 60.5

Range 29.0–87.0 29.0–87.0 34.0–78.0

Race 1.0001

White 312 (95.1%) 232 (95.1%) 80 (95.2%)

Non-White 16 (4.9%) 12 (4.9%) 4 (4.8%)

Missing 3 3 0

Ethnicity 0.4001

Hispanic 32 (9.8%) 22 (9.0%) 10 (12.0%)

Non-Hispanic 296 (90.2%) 223 (91.0%) 73 (88.0%)

Missing 3 2 1

Height (cm) 0.4712

Mean (SD) 164.4 (6.3) 164.2 (6.3) 164.8 (6.3)

Median 164.0 164.0 165.0

Range 148.0–183.0 148.0–183.0 150.0–181.1

Weight (kg) 0.8142

Mean (SD) 75.0 (17.3) 74.9 (16.0) 75.4 (20.7)

Median 71.2 71.3 71.2

Range 45.7–147.6 49.0–129.9 45.7–147.6

BMI 0.7712

Mean (SD) 27.8 (6.2) 27.8 (6.1) 27.6 (6.6)

Median 26.8 26.9 26.3

Range 17.3–50.7 17.3–50.7 18.6–48.8

ECOG 0.0091

0 219 (66.2%) 152 (61.5%) 67 (79.8%)

1 108 (32.6%) 91 (36.8%) 17 (20.2%)

2 4 (1.2%) 4 (1.6%) 0 (0.0%)

ECOG 1+ 0.0021

Yes 112 (33.8%) 95 (38.5%) 17 (20.2%)

No 219 (66.2%) 152 (61.5%) 67 (79.8%)

ECOG 2+ 0.5761

Yes 4 (1.2%) 4 (1.6%) 0 (0.0%)

No 327 (98.8%) 243 (98.4%) 84 (100.0%)

ER 1.0001

Positive 271 (81.9%) 202 (81.8%) 69 (82.1%)

Negative 60 (18.1%) 45 (18.2%) 15 (17.9%)

PR 0.7651

Positive 255 (77.0%) 189 (76.5%) 66 (78.6%)

Negative 76 (23.0%) 58 (23.5%) 18 (21.4%)

HER2 0.3651

Yes 33 (10.1%) 22 (9.1%) 11 (13.3%)

No 219 (67.2%) 168 (69.1%) 51 (61.4%)

Not reported 74 (22.7%) 53 (21.8%) 21 (25.3%)

(Continued)
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two most common PRO-CTCAEs graded ≥2. CF also correlated

with higher rates of grade 3+ PRO, with 65/246 (26%) HF and 41/

85 (48%) experiencing grade 3+ PRO (p < 0.001). The most

common PRO-CTCAE ≥3 was skin toxicity (87, 33%) and

concentration (92, 28%). When analyzing individual items by CF

versus HF, CF was associated with increased risk of grade ≥2 skin

toxicity (p = 0.04) and swallowing (p < 0.01), whereas HF was

associated with an increased risk of grade ≥2 insomnia (p = 0.04)

(Table 2). CF was also found to be associated with increased risk of

grade ≥3 skin toxicity, swallowing, and nausea (all p < 0.01). When

evaluating items most likely related to radiation (anxiety, cough,
Frontiers in Oncology 09
severity of breathing, interference with breathing, nausea, skin

burns, and swallowing), CF was significantly associated with

increased risk of PRO-CTCAE grade ≥3 (OR 2.96, p < 0.01).

Univariate and multivariate analyses of clinical and treatment

variables for any PRO-CTCAE ≥2 and ≥3 were performed

(Table 5). The following variables were significantly associated

with an increase in any PRO-CTCAE ≥2 after univariate analysis:

ECOG ≥1, proton therapy (vs. photon), and chest wall radiation (vs.

whole breast) (Table 3). HF was associated with decrease in any

PRO-CTCAE ≥2. However, only ECOG ≥1 remained significant

after multivariate analysis (OR 2.21, p = 0.01). When analyzing any
TABLE 2 Continued

Any Grade 2+ PRO CTCAE

All (N = 331) Yes (N = 247) No (N = 84) p-value

Missing 5 4 1

Triple-Negative 0.6461

Yes 27 (8.3%) 19 (7.8%) 8 (9.6%)

No 299 (91.7%) 224 (92.2%) 75 (90.4%)

Missing 5 4 1

Laterality 0.1021

Right 163 (49.2%) 115 (46.6%) 48 (57.1%)

Left 168 (50.8%) 132 (53.4%) 36 (42.9%)

Type of Surgery 0.0841

Lumpectomy 278 (84.0%) 202 (81.8%) 76 (90.5%)

Mastectomy 53 (16.0%) 45 (18.2%) 8 (9.5%)

Type of Reconstruction 0.4421

Yes 26 (7.9%) 22 (8.9%) 4 (4.8%)

No 304 (91.8%) 224 (90.7%) 80 (95.2%)

Not reported 1 (0.3%) 1 (0.4%) 0 (0.0%)

Any Chemotherapy 0.3661

Yes 129 (39.0%) 100 (40.5%) 29 (34.5%)

No 202 (61.0%) 147 (59.5%) 55 (65.5%)

Adjuvant Chemotherapy 0.6651

Yes 49 (39.5%) 39 (41.1%) 10 (34.5%)

No 75 (60.5%) 56 (58.9%) 19 (65.5%)

Missing 207 152 55

Neoadjuvant Chemotherapy 0.5121

Yes 77 (62.1%) 57 (60.0%) 20 (69.0%)

No 47 (37.9%) 38 (40.0%) 9 (31.0%)

Missing 207 152 55

Concurrent Chemo 0.6961

Yes 39 (11.8%) 28 (11.3%) 11 (13.1%)

No 292 (88.2%) 219 (88.7%) 73 (86.9%)

Anthracycline 0.5191

Yes 14 (10.5%) 12 (11.8%) 2 (6.5%)

No 119 (89.5%) 90 (88.2%) 29 (93.5%)

Missing 198 145 53
fronti
1Fisher’s exact test for count data.
2Linear model ANOVA.
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TABLE 3 Patient characteristics by patients with any grade 3+ PRO CTCAE.

Any Grade 3+ PRO CTCAE

All (N = 331) Yes (N = 106) No (N = 225) p-value

Modality 0.1041

Proton 50 (15.1%) 21 (19.8%) 29 (12.9%)

Photon 281 (84.9%) 85 (80.2%) 196 (87.1%)

Age at RT Start 0.5592

Mean (SD) 58.6 (11.2) 58.0 (11.5) 58.8 (11.0)

Median 60.0 57.5 60.0

Range 29.0–87.0 32.0–82.0 29.0–87.0

Race 0.2871

White 312 (95.1%) 102 (97.1%) 210 (94.2%)

Non-White 16 (4.9%) 3 (2.9%) 13 (5.8%)

Missing 3 1 2

Ethnicity 0.6931

Hispanic 32 (9.8%) 9 (8.5%) 23 (10.4%)

Non-Hispanic 296 (90.2%) 97 (91.5%) 199 (89.6%)

Missing 3 0 3

Height (cm) 0.8172

Mean (SD) 164.4 (6.3) 164.5 (6.9) 164.3 (6.0)

Median 164.0 163.5 164.1

Range 148.0–183.0 150.0–183.0 148.0–181.1

Weight (kg) 0.7992

Mean (SD) 75.0 (17.3) 75.3 (16.7) 74.8 (17.6)

Median 71.2 71.0 71.3

Range 45.7–147.6 49.0–118.0 45.7–147.6

BMI 0.8392

Mean (SD) 27.8 (6.2) 27.9 (6.0) 27.7 (6.3)

Median 26.8 26.7 26.9

Range 17.3–50.7 18.7–47.4 17.3–50.7

ECOG 0.0031

0 219 (66.2%) 58 (54.7%) 161 (71.6%)

1 108 (32.6%) 45 (42.5%) 63 (28.0%)

2 4 (1.2%) 3 (2.8%) 1 (0.4%)

ECOG 1+ 0.0031

Yes 112 (33.8%) 48 (45.3%) 64 (28.4%)

No 219 (66.2%) 58 (54.7%) 161 (71.6%)

ECOG 2+ 0.0981

Yes 4 (1.2%) 3 (2.8%) 1 (0.4%)

No 327 (98.8%) 103 (97.2%) 224 (99.6%)

ER 1.0001

Positive 271 (81.9%) 87 (82.1%) 184 (81.8%)

Negative 60 (18.1%) 19 (17.9%) 41 (18.2%)

PR 0.6751

Positive 255 (77.0%) 80 (75.5%) 175 (77.8%)

Negative 76 (23.0%) 26 (24.5%) 50 (22.2%)

HER2 0.5561

Yes 33 (10.1%) 9 (8.6%) 24 (10.9%)

No 219 (67.2%) 75 (71.4%) 144 (65.2%)

Not reported 74 (22.7%) 21 (20.0%) 53 (24.0%)

(Continued)
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PRO-CTCAE ≥3, ECOG ≥1, node positivity, and total dose were all

univariately significant for increased risk of analyzing any PRO-

CTCAE ≥3. HF was protective against PRO-CTCAE ≥3 (Table 3).

In the multivariate model, ECOG ≥1 (OR 1.78, p = 0.02) and HF

(OR 0.48, p < 0.01) remained significant.
Physician reported adverse events

Per physician reporting, a grade ≥2 adverse event was found

in 114 patients: 52 (21%) HF and 62/85 (73%) CF. Radiation
Frontiers in Oncology 11
dermatitis was the most common adverse event reported

with grade 2+ RT dermatitis occurring in 37 (72.5%) HF and

57 (70.4%) CF. Grade 3 radiation dermatitis occurred in

four patients receiving CF, whereas there was none in the

HF group.
Discussion

Our study reports one of the first clinical experiences

utilizing multiple PRO-CTCAE items for patients with breast
TABLE 3 Continued

Any Grade 3+ PRO CTCAE

All (N = 331) Yes (N = 106) No (N = 225) p-value

Missing 5 1 4

Triple-Negative 1.0001

Yes 27 (8.3%) 9 (8.6%) 18 (8.1%)

No 299 (91.7%) 96 (91.4%) 203 (91.9%)

Missing 5 1 4

Laterality 0.8141

Right 163 (49.2%) 51 (48.1%) 112 (49.8%)

Left 168 (50.8%) 55 (51.9%) 113 (50.2%)

Type of Surgery 0.0061

Lumpectomy 278 (84.0%) 80 (75.5%) 198 (88.0%)

Mastectomy 53 (16.0%) 26 (24.5%) 27 (12.0%)

Type of Reconstruction 0.5081

Yes 26 (7.9%) 11 (10.4%) 15 (6.7%)

No 304 (91.8%) 95 (89.6%) 209 (92.9%)

Not reported 1 (0.3%) 0 (0.0%) 1 (0.4%)

Any Chemotherapy 0.1171

Yes 129 (39.0%) 48 (45.3%) 81 (36.0%)

No 202 (61.0%) 58 (54.7%) 144 (64.0%)

Adjuvant Chemotherapy 0.4491

Yes 49 (39.5%) 21 (44.7%) 28 (36.4%)

No 75 (60.5%) 26 (55.3%) 49 (63.6%)

Missing 207 59 148

Neoadjuvant Chemotherapy 0.2551

Yes 77 (62.1%) 26 (55.3%) 51 (66.2%)

No 47 (37.9%) 21 (44.7%) 26 (33.8%)

Missing 207 59 148

Concurrent Chemo 0.5871

Yes 39 (11.8%) 14 (13.2%) 25 (11.1%)

No 292 (88.2%) 92 (86.8%) 200 (88.9%)

Anthracycline 0.5711

Yes 14 (10.5%) 4 (8.2%) 10 (11.9%)

No 119 (89.5%) 45 (91.8%) 74 (88.1%)

Missing 198 57 141
fronti
1Fisher’s exact test for count data.
2Linear model ANOVA.
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TABLE 4 PRO-CTCAE ≥ 2 and ≥3 by individual items.

Question PROCTACE ≥2 Odds Ratio (Standard Fractionation) p-value

Anxiety 108 (32%)

Appetite 27 (8%)

Concentration 104 (31%)

Cough 98 (31%)

Insomnia 133 (40%) 0.57 (0.34–0.97) 0.04

Interfere with Breath 30 (9%)

Nausea 52 (16%)

Sadness 98 (30%)

Severity of breath 97 (30%)

Skin 204 (76%) 2.11 (1.03–4.31) 0.04

Swallowing 54 (18%) 3.14 (1.70–5.81) <0.01

Tingling 40 (12%)

PROCTCAE ≥3

Anxiety 51 (15%)

Appetite 9 (3%)

Concentration 92 (28%)

Cough 33 (10%)

Insomnia 91 (28%)

Interfere with Breath 13 (4%)

Nausea 19 (6%) 4.39 (1.70–11.32) <0.01

Sadness 83 (25%)

Severity of breath 60 (19%)

Skin 87 (33%) 5.58 (3.13–9.95) <0.01

Swallowing 20 (7%) 4.86 (1.91–12.40) <0.01

Tingling 18 (6%)
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TABLE 5 Univariate and multivariate analysis for any PRO-CTCAE ≥2 and ≥3.

UVA for any PROCTCAE ≥ 2 Odds Ratio p-value

ECOG ≥1 2.46 (1.36–4.44) <0.01

Proton 2.82 (1.14–6.87) 0.02

Chest wall (vs. breast) 2.41 (1.17–4.97) 0.05

Hypofractionation 0.51 (0.27–0.96) 0.04

MVA for any PROCTCAE ≥ 2

ECOG ≥1 2.21 (1.21–4.06) 0.01

Proton 0.06

Chest wall 0.22

Hypofractionation 0.28

UVA for any PROCTCAE ≥ 3

ECOG ≥1 2.08 (1.29–3.36) <0.01

N+ 1.82 (1.08–3.05) 0.02

Hypofractionation 0.4 (0.24–0.67) <0.01

Total dose 1.09 (1.03–1.15) <0.01

MVA for any PROCTCAE ≥ 3

ECOG ≥1 1.78 (1.08–2.92) 0.02

N+ 0.68

Hypofractionation 0.48 (0.28–0.82) <0.01

Total dose 0.2
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cancer undergoing radiation therapy with curative intent.

Moderate (≥2) and severe (≥3) PRO-CTCAE were commonly

experienced in our patient cohort. Compared with CF, patients

undergoing HF were associated with a significant decrease in any

PRO-CTCAE ≥3 after multivariate analysis.

This is one of the largest series for a single cancer type

reporting on multiple PRO-CTCAE items. Previous studies have

incorporated multiple disease sites, other patient-reported

outcome measures, or only focused on one PRO-CTCAE item.

A Japanese study of over 600 patients with breast cancer

analyzed a PRO-CTCAE for lymphedema and found it weakly

correlated with arm circumference and bioimpedance (13). A

smaller American study on patients undergoing APBI reported

skin toxicity using PRO-CTCAE with 31% of patients reporting

mild to moderate skin toxicity at the end of radiotherapy and

only 15% of patients 12 months post-radiation (14). Similarly, in

our study, 33% of patients experienced a skin PRO-CTCAE ≥2 at

any time point, supporting the use of PRO-CTCAE

across institutions.

Skin toxicity has been a primary concern for both patients

and radiation oncologists. Publications have reported physician

assessed CTCAE radiation dermatitis ≥2 ranging from 30% to

60%, depending on risk factors including treatment modality

and dose fractionation (15–17). Regarding the use proton

therapy as adjuvant radiotherapy following breast-conserving

surgery or mastectomy, rates of grade 2 dermatitis may be high

(18, 19). Cuaron et al. reported a grade 2+ dermatitis rate of 71%

to 75% in 30 patients receiving postoperative proton radiation

for locally advanced breast cancer (19). In addition, the rate of

moist desquamation was 28.6% (19). Similarly, the physician

reported that adverse event rate of radiation dermatitis was

72.5% in the HF group and 70.4% in the CF group. Across the

entire cohort, the PRO CTCAE grade >2 rate of skin toxicity was

76%. This demonstrates that the patient experience of skin

toxicity may be more severe than physician reported toxicity.

Because PRO-CTCAE is specific to the individual patient,

employing patient-reported toxicity may help clinicians

identify and treat radiation-related adverse events using a

more individualized approach.

HF has been established as a standard of care radiation

treatment option in the breast-conserving setting and is gaining

more support in the post-mastectomy setting (20–22).

Compared with CF, HF has been shown to be associated with

decreased physician-reported radiation dermatitis, breast pain,

and hyperpigmentation (16, 23). Patient-reported outcomes and

quality-of-life measures—including lack of energy, trouble

meeting family needs, breast pain, swelling bother, and fatigue

—have also been shown to be improved with HF (16, 17). This is

consistent with the current analysis, in which HF was

significantly associated with decreased risk of any PRO-
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CTCAE ≥3 in the multivariate model. In addition to delivering

less radiation over a shorter amount of time, HF was more likely

to be delivered following breast-conserving surgery for early-

stage disease and not include axillary lymph nodes in the

target volume. These could be contributory reasons why HF is

associated with a significantly decreased risk of grade ≥3

individual items such as skin toxicity.

This study is limited by its observational nature. One of the

benefits of the PRO-CTCAE is its implementation as a

standardized approach to patient-reported outcomes in clinical

trials. There may also be selection bias in the patients who

choose to complete these surveys (i.e., patients who

experience toxicity may be more likely to complete their

questionnaire). There was also variation in time points when

patients completed their surveys, which can influence the

presence or severity of adverse events recorded. Moreover, this

study did not utilize the PRO-CTCAE to guide management that

limits its usefulness in the clinic. PRO-CTCAE will likely have

the most benefit when used as a supplement to physician

reported CTCAEs in the recognition and management of

radiation toxicities.
Conclusion

Through routinely administered patient-reported outcome

surveys in our department, we have analyzed PRO-CTCAE

items for over 300 patients undergoing radiation therapy for

breast cancer. Rates of PRO-CTCAE skin toxicity were like those

historically reported by physicians, and, of note, HF was

associated with a significantly decreased risk of grade ≥3 PRO-

CTCAE. Further study is warranted in other cancer-specific

settings, comparing PRO-CTCAEs with CTCAEs and finally

clinical implementation of PRO-CTCAE.
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