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Peking Union Medical College, Beijiing, China, 3 Division of Biostatistics and Bioinformatics, Sidney Kimmel Comprehensive
Cancer Center, Johns Hopkins University School of Medicine, Baltimore MD, United States

Purpose: To report patients’ quality of life (QoL) at 1 year in a phase 2 randomized trial
comparing partial breast irradiation (PBI) with whole-breast irradiation (WBI) after breast-
conserving surgery (BCS) for breast cancer.

Methods: \Women aged > 45 years with low-risk breast cancer after BCS were randomly
assigned (1:1) to receive PBI (40 Gy in 10 fractions over 2 weeks) or WBI (43.5 Gy in 15
fractions over 3 weeks). The primary endpoint—the incidence of toxicities of grade 2 or
higher—will be reported when participants complete 5 years of follow-up. QoL was
assessed at baseline (TO), at the end of radiotherapy (RT) (T1), 6 months (T2) and 1 year
(T3) after RT by using the EORTC QLQ-C30 and QLQ-BR23 questionnaires. We
calculated the scores for all QOL subscales and differences in mean scores were
compared. This study was registered at ClinicalTrials.gov (NCT03583619).

Results: Between June 2017 and January 2019, 140 women were randomly assigned to
receive PBIl or WBI (n = 70 per group). Fifty-nine and 56 patients treated with PBl and WBI,
respectively, were eligible for the QoL analysis. There were no significant differences in any
subscale scores at TO, T1, T2, or T3 between the PBl and WBI arms. The scores for most
QoL subscales that were influenced by RT recovered to a similar or better level relative to
TO scores within 1 year after RT, except for the scores of the dyspnea subscale.
Longitudinal analysis showed that time since RT had a significant impact on physical
functioning, role functioning, social functioning, fatigue, pain, dyspnea, financial difficulties,
body image, and breast and arm symptoms.
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Conclusion: PBIl using the intensity-modulated RT affords QoL comparable to that
provided by WBI. Most QoL subscale scores that were influenced by RT recovered to a
similar or better level relative to baseline scores within 1 year after RT.

Keywords: breast neoplasm, breast-conserving surgery, partial breast irradiation, whole-breast irradiation, quality of life

INTRODUCTION

According to the latest data reported by International Agency for
Research on Cancer in 2020, breast cancer is the most common
cancer worldwide (1). Whole-breast irradiation (WBI) with or
without a tumor bed boost is the standard treatment for patients
after breast-conserving surgery, which offers excellent local
control and overall survival equivalent to that afforded by
modified radical mastectomy (2, 3). Approximately 80% of
sites of local recurrence are around the tumor bed, and the
relapse rate for other quadrants is similar to the tumor incidence
in the contralateral breast (4). Therefore, partial breast
irradiation (PBI), wherein only the tumor bed and the
surrounding region are irradiated with a hypofractionation
regimen, is an alternative approach to WBI for the
management of low-risk early-stage breast cancer. Compared
to WBI, PBI has the advantages of a shorter treatment period,
lower cost, and exposure of normal tissues of a lower dose.

Several large, randomized studies have shown that PBI
provides long-term locoregional control and survival
comparable to those afforded by WBI (5-9). However, the
appropriate radiation technique and dose fractionation for PBI
are not well defined. In the Florence trial, 30 Gy in five daily
fractions was used for PBI with intensity-modulated radiotherapy
(IMRT), and treatment-related toxicity and cosmesis outcomes
were found to be significantly in favor of PBI (8). On the other
hand, in the RAPID trial, 38.5 Gy in 10 fractions and 3.85 Gy bid
was used for PBI with 3D conformal radiotherapy (3DCRT) or
IMRT. Furthermore, it was found that this approach was
associated with a higher incidence of late toxicity and worse
cosmesis outcomes in the PBI arm than in the WBI arm (9).
In addition, more attention should be paid to improving the
quality of life (QoL) for women with early-stage breast cancer,
because of their excellent long-term survival. Some studies have
compared the QoL between WBI and PBI using different
techniques (10-13); however, only one randomized study
involved the use of external-beam radiation (11) and only few
such retrospective studies have been conducted in China (14). We
initiated a randomized phase 2 trial to primarily compare the
toxicities between PBI and WBI in Chinese women. In the PBI
arm, we explored a new regimen of 40 Gy in 10 daily fractions
delivered with tangential IMRT. The purpose of the present
analysis is to evaluate the QoL at 1 year.

MATERIALS AND METHODS
Study Design and Participants

This was a randomized, controlled, phase 2 trial for patients with
low-risk early-stage breast cancer performed at our hospital

between 2017 and 2019. The inclusion criteria were set up as
follows: age between 45 and 75 years; life expectancy higher than
5 years; presence of histologically confirmed invasive ductal
carcinoma (grade 1-2), mucinous carcinoma, papillary
carcinoma, or tubular carcinoma with the maximum tumor
diameter being <3.0 cmj; or histologically confirmed ductal
carcinoma in situ (low-medium grade) with the maximum
tumor diameter being <2.5 cm; pNO (for patients with invasive
carcinoma, either an axillary dissection with minimum of six
nodes in the specimen or a negative sentinel node was required);
presence of a unifocal tumor (confirmed by MRI); negative
lymphovascular invasion; positive estrogen receptor (ER) or
progesterone receptor (PR) status; negative resection margins
of 22 mm; surgical clips placed in the tumor bed; and enrollment
date less than 12 weeks after breast-conserving surgery or less
than 8 weeks after adjuvant chemotherapy. The exclusion criteria
were as follows: presence of disease classified as stage II-IV per
the 7th edition of the American Joint Committee on Cancer
(AJCC); invasive micropapillary carcinoma, lobular carcinoma
in situ, invasive lobular carcinoma, or Paget’s disease alone;
previous oncoplastic surgery of the affected breast; neoadjuvant
chemotherapy or hormonal therapy; presence of simultaneous
contralateral breast cancer; previous ipsilateral breast or thorax
irradiation; or active collagen vascular disease. All patients
provided written informed consent. The study protocol was
approved by the local ethics committee (Approval Number 17-
139/1395) and registered at ClinicalTrials.gov (NCT 03583619).

Randomization and Masking

The patients enrolled were randomly assigned (1:1) to receive
PBI or WBI without stratification by simple randomization
according to a prescribed computer-generated central
randomization schedule. Patients and investigators were not
masked to treatment allocation.

Procedures

All patients had undergone breast-conserving surgery, and clips
were placed at the borders of the tumor bed during the operation.
Adjuvant systemic therapy was performed before or after
radiotherapy (RT) if indicated according to the National
Comprehensive Cancer Network guideline. Hormonal therapy
was recommended to patients with positive ER and/or PR
tumors. Patients with a positive human epidermal growth
factor receptor 2 (HER2) status were recommended to receive
anti-HER2-targeted therapy.

All patients underwent computed tomography (CT)
simulation with a slice thickness of 5 mm. Patients in the WBI
arm received a total dose of 43.5 Gy in 15 daily fractions over
3 weeks. The clinical target volume (CTV) included the whole
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breast and the fascia of the pectoralis major, limited to 5 mm
from the skin surface. Planning target volume (PTV) was
determined by extending a 6-mm margin in all directions to
the CTV and limited to 5 mm from the skin surface.

The patients in the PBI arm received a total dose of 40 Gy in
10 daily fractions over 2 weeks. The tumor bed was contoured
according to the surgical clips, seroma, and postoperative
changes, and CTV was expanded from the tumor bed with a
1.5-cm margin three-dimensionally and limited to 5 mm from
the skin surface. PTV was obtained by adding a 6-mm margin in
all directions to the CTV and was limited to 5 mm from the
skin surface.

The ipsilateral breast, contralateral breast, lung, heart, left
anterior descending artery, and cord were contoured, and the
ipsilateral breast outside the PTV (Breast - PTV) was constructed
for dose constraints. WBI and PBI were both delivered using
tangential field-in-field IMRT, with the prescribed dose covering
95 percent of the PTV. To achieve better homogeneity
and conformality, the treatment plans were required to
meet the following constraints: in the PBI arm, PTV: V43Gy <
5%, Dmax < 44 Gy; Breast - PTV: V20Gy < 60%, V40Gy < 35%,
Dmax < 44 Gyj; ipsilateral lung: mean dose < 5 Gy, V10Gy < 20%;
contralateral lung: V5Gy < 10%; heart: mean dose < 2.5 Gy;
contralateral breast: V4Gy < 5%. In the WBI arm, PTV: V47Gy <
5%; ipsilateral lung: mean dose < 10 Gy, V20Gy < 20%;
contralateral lung: V5Gy < 10%; heart: mean dose < 5 Gy;
contralateral breast: V4Gy < 5%. The treatment plan was
developed using the Pinnacle treatment planning system.

Quality of Life Assessment

QoL was evaluated using the EORTC QLQ-C30 version 3.0 (15),
and breast cancer-specific module QLQ-BR23 questionnaires
(16). The questionnaires have good reliability, validity, and
responsiveness in patients with cancer, and the Chinese
version has been well validated (17-20). All participants were
asked to complete these two questionnaires before RT (baseline,
TO), at the end of RT (time 1, T1), 6 months after RT (time 2,
T2), and 1 year after RT (time 3, T3).

The EORTC QLQ-C30 consists of 30 questions, including
those on the global health status (GHS) scale, five functional
scales (physical, role, emotional, cognitive, and social
functioning), three multi-term symptom subscales (fatigue,
pain, nausea and vomiting), and six single-term symptom
subscales (dyspnea, insomnia, appetite loss, constipation,
diarrhea, and financial difficulties). The EORTC QLQ-BR23
has 23 questions, including those on four functional subscales
(body image, sexual functioning, sexual enjoyment, and future
perspective) and four symptom subscales (systemic therapy side
effects, breast symptoms, arm symptoms, and upset by hair loss).
All questions had the same response categories and responses
were scored on a scale of 1-4 (not at all, a little, quite a bit,
and very much), except for the GHS subscale, the responses
for which were scored on a scale of 1-7 (very bad to excellent).
The responses for all QoL subscales were scored according to
the EORTC scoring manual and converted to standard scores
ranging from 0 to 100. For the functional and GHS subscales,
a higher score indicates a higher level of functioning or health

status. For the symptom subscales, a higher score indicates a
higher level of symptoms or problems and worse QoL. We
hypothesized that the QoL of the PBI arm was noninferior to
that of the WBI arm.

Statistical Analysis

Chi-squared or Mann-Whitney U test was used to compare
characteristics between the PBI and WBI arms. The scores for all
QOL subscales were calculated, and the difference in the mean
scale scores were compared, as frequently as that reported
previously in the literature. The Mann-Whitney U test was
used to compare the difference between the two arms owing to
the non-normal distribution of data. The Wilcoxon-signed rank
test was used to examine the difference among T1, T2, T3, and
baseline TO, respectively, in each arm. A longitudinal analysis of
QoL changes over time and between arms was performed with
generalized estimating equations (GEE) with log link function
for mean scores because of the non-normal distribution of data.
Given that the missing questionnaires were random and not
influenced by other factors, the missing data were considered
missing completely at random (MCAR). After several tries,
autocorrelation (AR) was selected as the working correlation
matrix, which had the minimum value of quasi-likelihood under
the independence model criterion (QIC). Further, an interaction
term between time and treatment was used to assess if the
changes in the mean scale scores over time were statistically
different between the two arms. Longitudinal analyses were
mainly focused on selected subscales of QLQ-C30 (GHS,
physical functioning, role functioning, emotional functioning,
social functioning, fatigue, pain, dyspnea, and financial
difficulties), and QLQ-BR23 (body image, future perspective,
breast symptoms, and arm symptoms). All analyses were
performed according to the treatment received (per-
protocol population).

A two-sided P-value of <0.01 was considered significant
because multiple testing could lead to type I error (11, 21-23).
Clinical significance was set according to the Osoda method: a
difference of at least 10 points was considered a minimal
clinically meaningful change, of 10-20 points was considered
a moderate difference, and of more than 20 points was
considered a large difference (24). IBM-SPSS version 22 was
used for statistical analysis.

RESULTS

From June 2017 to January 2019, 140 patients with early-stage
breast cancer were randomly assigned to the PBI (n = 70) or WBI
arm (n = 70). After one patient was excluded due to a multifocal
tumor, 67 and 70 women in the PBI and WBI arms, respectively,
received the allocated treatment, while 2 patients in the PBI arm
underwent WBI. Finally, 115 participants who completed the
QoL questionnaires at baseline and at least one other timepoint
were eligible for the present analysis, including 59 (86.8%)
patients who received PBI and 56 (77.8%) who received
WBI (Figure 1).
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1109 patients assessed for eligibility

969 ineligible

865 did not meet the inclusion criteria
104 did not give consent

A

’ 140 patients randomly assigned |

A

v

| 70 assigned to PBI |

| 70 assigned to WBI

——PI 2 received WBI

8 no any questionnaires

1 excluded (multifocal tumor)
7 no any questionnaires
1 no baseline questionnaires

4 no baseline questionnaires
4 only had baseline
questionnaires

A4

v_ v

59 received PBI and were eligible for
quality-of-life analysis

59 at baseline

58 at TO (at the end of RT)

37 at T1 (6-month after RT)

48 at T2 (1-year after RT)

56 received WBI and were eligible for
quality-of-life analysis

56 at baseline

55 at TO (at the end of RT)

32 at T1 (6-month after RT)

45 at T2 (1-year after RT)

The clinical and treatment-related characteristics were well
balanced between the two arms (Table 1). All patients
underwent lumpectomy and sentinel lymph node biopsy,
except for 2 patients who were treated with lumpectomy and
axillary lymph node dissection. In all, 23 (20%) patients received

FIGURE 1 | CONSORT diagram. PBI, partial breast irradiation; WBI, whole-breast irradiation.

chemotherapy with a median of 4 cycles (range, 3-10), mostly
with taxane or anthracycline-based regimens. All participants
had a positive ER and/or PR status and received hormonal
therapy. Of the 8 patients with positive HER2 disease, seven
received trastuzumab. Three patients in the WBI arm received a

TABLE 1 | Clinical characteristics and treatments between the PBI and WBI arms.

PBI arm (n = 59, %) WBI arm (n = 56, %) P
Age (years)
Median (range) 54 (45-69) 53.5 (46-71) 0.644
Menopausal status
Premenopausal 19 (32.2) 13 (28.2) 0.550
Perimenopausal 5(8.5 6 (10.7)
Postmenopausal 35 (59.3) 37 (66.1)
T stage
pTis 2(3.4) 3(6.3 0.330
pT1 51 (86.4) 51 (91.1)
pT2 6(10.2) 2(3.6)
HER?2 status
Positive 4 (6.8 4(7.1) 0.231
Negative 55 (93.2) 50 (88.3)
Unknown 0 2 (3.6)
Chemotherapy
No 47 (79.7) 43 (76.8 0.709
Yes 12 (19.7) 13 (23.2
Trastuzumab therapy
No 56 (94.9) 52 (92.9) 0.943
Yes 3(5.1) 4(7.9)
Surgery-radiotherapy interval (weeks)
Median (range) 8.4 (4.1-29.4) 7.9 (4.3-29.7) 0.288
HER2, human epidermal growth factor receptor 2; PBI, partial breast irradiation; WBI, whole-breast irradiation.
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TABLE 2 | Mean scores (and SD) of EORTC QLQ-C30 at TO, T1, T2, and T3 between the two arms.

PBl arm WBI arm Difference in means
Mean (SD) Mean (SD) Estimate (95% CI) P

Global health status

TO 71.3 (21.5) 69.8 (19.9) 5(-6.1;9.2) 0.744

T 63.9 (23.9) 69.7 (18.5) 75 8 (-13.7;2.2) 0.282

T2 67.1 (21.9) 69.0 (17.4) -1.9(-11.5;7.7) 0.816

T3 70.1 (22.2) 70.9 (25.8) -0.8 (-10.7;9.1) 0.695
Physical functioning

TO 89.6 (11.8) 88.6 (10.5) (-3.1;5.1) 0.406

T 85.9 (12.1) 85.5 (13.5) (-4.4;5.2) 0.986

T2 87.0 (11.9) 84.8 (13.4) 2(-3.8;8.3) 0.544

T3 87.8 (16.1) 86.5 (11.9) (-4.6;7.1) 0.251
Role functioning

TO 85.0 (22.0) 82.4 (22.8) 2.6 (-5.7;10.9) 0.466

T1 81.9 (25.6) 81.2 (23.8) 0.7 (-8.5;9.9) 0.646

T2 81.1(19.7) 80.2 (19.1) 0.9 (-8.5;10.2) 0.778

T3 91.3 (19.7) 93.0 (12.6) -1.6(-8.5;5.2) 0.729
Emotional functioning

TO 81.5(16.3) 81.0 (15.5) 0.5 (-5.3;6.4) 0.780

T1 79.6 (20.9) 80.8 (18.4) -1.2(-8.5;6.2) 0.916

T2 80.9 (20.3) 79.9 (16.5) 0.9 (-8.1;9.9 0.606

T3 81.3 (19.8) 82.4 (17.0) -1.2(-8.9;6.5) 0.975
Cognitive functioning

TO 88.1 (18.6) 86.6 (13.6) 1.5 (-4.5;7.6) 0.193

T1 81.3 (20.0) 87.3 (12.8) -6.0 (-12.3;0.35) 0.167

T2 79.7 (18.9) 83.3 (16.9) -3.6 (-12.3;5.1) 0.444

T3 781 (19.8) 82.6 (17.0) -4.5(-12.1;3.2) 0.274
Social functioning

TO 79.7 (25.7) 78.6 (24.6) 1.1(-8.2;10.4) 0.549

T1 75.6 (25.6) 78.2 (22.4) -2.6 (-11.6;6.4) 0.892

T2 82.9 (19.0) 84.4 (15.8) -1.5(-10.0;7.0) 0.866

T3 90.6 (18.5) 90.4 (14.9) 0.3 (-6.7;7.2) 0.595
Fatigue

TO 22.2 (20.9) 23.2 (19.5) -1.0 (-8.5;6.5) 0.709

T1 31.8 (22.5) 29.1 (19.1) 2.7 (-5.1,10.5) 0.544

T2 26.4 (22.4) 29.2 (22.2) -2.7 (-13.5;8.0) 0.610

T3 25.5 (23.4) 25.2 (18.9) 0.3 (-8.5;9.1) 0.727
Nausea-vomiting

TO 3.4 (7.4) 1.8 (6.1) 1.6 (-0.9;4.1) 0.142

T1 4.9 (9.4) 5.5 (12.4) -0.6 (-4.7;3.5) 0.842

T2 1.8 (6.2 4.2 (9.5) -2.4 (-6.0;1.2) 0.315

T3 3.5(8.4) 2.6 (7.9 0.9 (-2.5;4.2) 0.467
Pain

T0 13.0 (14.2) 11.6 (13.5) 4 (-3.7:6.5) 0.611

T1 19.5 (17.1) 15.8 (16.8) 3.8 (-2.5;10.1) 0.210

T2 22.1(28.9) 25.0 (20.7) -2.9(-13.8;7.9) 0.323

T3 16.3 (19.6) 10.7 (12.4) 5.6 (-1.2,12.4) 0.262
Dyspnea

TO 9.0 (19.4) 13.0 (21.7) -4.1 (-11.7;3.5) 0.224

T1 21.3 (23.1) 20.0 (23.7) 1.3 (-7.5;10.0) 0.710

T2 15.3 (18.6) 21.9 (26.2) -6.6 (-17.4;4.3) 0.381

T3 22.2 (26.9) 22.2 (24.6) 0(-10.6;10.6) 0.852
Insomnia

TO 30.5 (32.3) 30.4 (32.0) 0.2 (-11.7;12.0) 0.998

T1 32.2 (31.8) 35.8 (31.3) -3.6 (-15.4;8.2) 0.488

T2 37.8 (31.6) 46.9 (39.6) -9.0 (-26.1;8.1) 0.378

T3 29.2 (32.0) 33.3 (28.4) -4.2 (-16.7;8.9) 0.312
Appetite loss

TO 12.4 (22.2) 4.8 (13.4) 7 (0.8;14.5) 0.029

T1 13.8 (25.8) 13.3 (21.8) 5(-8.5;9.4) 0.790

T2 9.9 (19.0) 11.5(21.8) —1 5 (-11.3;8.3) 0.879

T3 6.3 (14.8) 5.9 (14.7) 3 (-5.8;6.4) 0.890
Constipation

(Continued)
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TABLE 2 | Continued

PBl arm WBI arm Difference in means
Mean (SD) Mean (SD) Estimate (95% CI) P

TO 11.3(21.1) 11.3 (20.4) 0(-7.6;7.6) 0.906

T 8.0 (20.0) 8.5 (15.9) -0.4 (-7.2;6.3) 0.475

T2 9.9 (17.3) 9.4 (156.2) 0.5 (-7.4;8.4) 0.975

T3 15.3 (22.8) 10.4 (22.3) 4.9 (-4.414.2) 0.143
Diarrhea

TO 5.6 (15.4) 1.2 (6.2 4.5(-0.1;8.8) 0.056

T 7.5(18.8) 6.1 (14.5) 1.4 (-4.9;7.8) 0.870

T2 4.5 (14.0) 2.28.2) 2.4 (-3.2;8.0) 0.490

T3 6.9 (19.4) 5.2 (14.1) 1.8 (-5.3;8.8) 0.833
Financial difficulties

TO 29.4 (34.3) 27.4 (30.6) 2.0 (-10.0;14.0) 0.950

T 29.9 (32.9) 21.8(30.2) 8.1 (-3.7,19.9) 0.154

T2 26.1 (31.6) 25.0 (31.7) 1.1 (-14.1;16.3) 0.834

T3 18.8 (28.3) 19.3 (26.1) -0.5 (-11.7;10.7) 0.782

TO, before radiotherapy; T1, at the end of radiotherapy; T2, at 6 months after radiotherapy; T3, at 1 year after radiotherapy; PBI, partial breast irradiation;, WBI, whole-breast irradiation.

simultaneous integrated tumor bed boost at a total of 49.5 Gy in
15 fractions at the discretion of the attending physicians. The
median overall RT period was 14 (range, 11-17) days for the PBI
arm and 21 (range, 18-23) days for the WBI arm.

The comparison of mean scores and standard deviation (SD)
of EORTC QLQ-C30 and QLQ-BR23 between the two arms at
different timepoints is shown in Tables 2 and 3. No significant
differences at TO or other time points were found between the
PBI and WBI arms. Longitudinal changes in the mean scores of
the selected subscales and the differences between baseline TO
and other time points in each arm for QLQ-C30 are presented in
Figure 2A. The role functioning scores significantly improved at
T3 compared to the scores at TO in the PBI arm; the scores also
improved in the WBI arm but not significantly. The social
functioning scores was significantly better at T3 than at TO in
both arms. The scores for fatigue increased from TO to T1 in both
arms, and the difference in the PBI arm was significant;
nevertheless, the scores recovered at T2. The pain scores were
significantly higher at T1 and T2 than at TO but recovered at T3
in the PBI arm. The scores for financial difficulties significantly
decreased at T3 compared to those at TO in the PBI arm. The
dyspnea scores were significantly higher at T1 and T3 than at TO
in the PBI arm. On the other hand, the scores were significantly
higher at T2 than at TO in the WBI arm. The scores for GHS,
physical functioning, and emotional functioning were generally
stable during the follow-up period in both arms. The
longitudinal changes in the mean scores of the selected
subscales for QLQ-BR23 are shown in Figure 2B. A significant
deterioration of future perspective was recorded at T1 compared
to that at TO; however, the scores recovered at T2 and T3 in the
PBI arm. Breast symptom scores significantly increased at T1
and T2 in both the arms but decreased at T3, which was
comparable to baseline scores. The arm symptom scores
significantly increased at T2 in the PBI arm and recovered to a
level similar to the baseline level at T3.

The results of the longitudinal analysis are presented in
Table 4. Treatment and its interaction with time (treatment x
time) had no significant impact on the selected subscales,

suggesting there was no significant difference in the changes of
selected subscale scores over time between the two arms. Time
since RT had a significant impact on physical functioning, role
functioning, social functioning, fatigue, pain, dyspnea, financial
difficulties, body image, breast symptoms, and arm symptoms
when the scale scores were compared at different timepoints. For
example, the scores for role functioning at T3 were significantly
higher than those at TO for all patients in both arms, and there was
a significant difference among the scores at all four timepoints.
There was no post-surgery relapse or death after a median follow-
up time of 25.9 months (range, 18.8-41.8 months).

DISCUSSION

The present analysis provides valuable and reliable information
about the impact of PBI and WBI on patients’ quality of life by
collecting longitudinal data during a 1-year period. We found
that PBI using IMRT provided QoL comparable to that afforded
by WBI at each timepoint. At the 1-year follow-up after RT, most
QoL subscale scores influenced by RT recovered to a similar or
better level compared to the baseline level.

Most studies have reported better or similar QoL for patients
treated with PBI compared to those treated with WBI, although
different techniques have been used for PBI including
intraoperative radiation (IORT), interstitial brachytherapy, and
external-beam RT (11, 12, 22), shown in Table 5. In the GEC-
ESTRO trial, it was reported that PBI using multicatheter
brachytherapy did not result in worse QoL compared to that
achieved with WBI, and the scores for breast symptoms was
significantly better in the PBI arm (12). Corica et al. analyzed the
effect of single-dose IORT versus WBI on QoL in the TARGIT-A
trial. They found that the patients treated with IORT had better
breast-related QoL and fewer breast symptoms than did those
treated with WBI during the 5-year follow-up (22). Meattini et al.
reported the QoL in the phase 3 Florence trial, which indicated
that at the end of RT and 2 years after RT, women who
underwent PBI (30 Gy in five fractions over 2 weeks using
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TABLE 3 | Mean scores (and SD) of EORTC QLQ-BR23 at TO, T1, T2, and T3 between the two arms.

PBl arm WBI arm Difference in means
Mean (SD) Mean (SD) Estimate (95% CI) P value

Body image

TO 93.8 (10.9) 87.9 (22.0) 5.8(-0.5;12.2) 0.162

T 90.1 (17.9) 87.3 (19.5) 2.8 (-4.1,9.7) 0.207

T2 93.9 (10.7) 91.1 (14.0) 2.8 (-3.2;8.7) 0.523

T3 95.5 (15.2) 92.2 (13.9) 3.3 (-2.6;9.1) 0.087
Sexual functioning

TO 15.5(18.8) 13.7 (21.6) 1.8 (-5.6;9.9) 0.344

T1 12.6 (17.5) 10.9 (15.7) 1.7 (-4.5;8.0) 0.655

T2 19.8 (23.5) 10.9 (14.4) 8.9 (-0.7;18.4) 0.150

T3 16.3 (22.9) 11.9(16.9) 4.5(-3.9;12.8) 0.540
Sexual enjoyment

TO 21.9 (22.9) 17.3 (23.8) 4.6 (-7.6;16.7) 0.369

T 22.2 (26.5) 16.7 (21.6) 5.6 (-8.6;19.7) 0.525

T2 33.3 (29.1) 33.3 (23.6) 0 (-19.4;19.4) 0.906

T3 26.9 (28.3) 21.3 (27.0) 5.6 (-10.0;21.2) 0.465
Future perspective

TO 63.8 (30.5) 54.8 28 7) 9.1 (-1.9;20.0) 0.091

T 52.9 (27.2) 57.0 (27.7) 4.1 (-14.3,6.2) 0.524

T2 58.6 (30.8) 52.1(26.7) 6.5 (-7.5;20.4) 0.251

T3 61.1(30.2) 65.2 (24.6) -4.1(-156.5;7.3) 0.679
Systemic therapy side effects

TO 16.9 (12.6) 14.6 (11.4) 2.3(-2.1,6.8) 0.326

T 20.9 (15.7) 18.4 (12.7) 2.4 (-2.9;7.7) 0.575

T2 19.2 (14.7) 20.2 (13.8) -1.1 (-8.0;5.8) 0.744

T3 17.7 (14.0) 19.3 (13.0) -1.6 (-7.2;4.0) 0.650
Breast symptoms

TO 14.0 (12.2) 16.4 (12.1) -2.4 (-6.9;2.1) 0.188

T 24.9 (16.5) 23.8 (15.3) 1.1 (-4.9,7.0) 0.775

T2 23.6 (18.4) 31.8 (22.0) -8.1(-17.8;1.6) 0.116

T3 13.4 (15.1) 15.0 (12.6) -1.6 (-7.4;4.1) 0.307
Arm symptoms

TO 14.3 (14.9) 18.5(18.5) -4.1(-10.3;2.0) 0.277

T 19.2 (21.1) 16.2 (14.0) 3.0 (-3.7;9.7) 0.912

T2 24.0 (24.9) 26.7 (20.1) -2.7 (-13.7;8.3) 0.337

T3 16.4 (16.7) 18.3 (20.1) -1.8(-9.4;5.8) 0.905
Upset by hair loss

TO 45.6 (37.2) 38.6 40 5) 7.0 (-18.6;32.6) 0.707

T 30.0 (30.4) 33.3 (33.9) -3.3 (-24.0;17.3) 0.813

T2 33.3 (29.9) 33.3 (21.1) 0(-21.5;21.5) 0.865

T3 23.2 (27.4) 21.3 28 7) 1.9 (-14.5;18.2) 0.909

TO, before radiotherapy; T1, at the end of radiotherapy; T2, at 6 months after radiotherapy; T3, at 1 year after radiotherapy; PBI, partial breast irradiation;, WBI, whole-breast irradiation.

IMRT) experienced significantly better QoL than did those
treated with WBI, as shown by the scores of most subscales
such as GHS; physical, role, and emotional functioning; body
image; future perspective; and breast and arm symptoms (11). In
contrast, the RTOG 0413 trial, which investigated the efficacy
and safety of PBI delivered with brachytherapy or 3DCRT
compared with WBI, reported the QoL results at the American
Society of Clinical Oncology annual meeting in 2019 (25), shown
in Table 5. Patients with and without chemotherapy were
analyzed separately. In the no-chemotherapy group, PBI-
treated patients experienced significantly less fatigue at 3 years
after RT, whereas in the chemotherapy group, the PBI arm had
significantly more fatigue than the WBI arm. A retrospective
study in China (Table 5), which compared the QoL afforded by
PBI with that afforded by WBI using the FACT-B questionnaire,
showed that the PBI-treated patients (using 3DCRT with a total
dose of 34 Gy in 10 fractions over 1 week, twice per day) had

similar QoL in terms of the physical, functional, and social
domains, and breast-specific concerns compared to WBI-
treated patients. However, the PBI arm had a worse emotional
response than the WBI arm (14). In our study, no clinically and
statistically significant difference was found in the various QoL
subscale scores between the PBI and WBI arms. The comparable
QoL results might be related to the better dose conformality and
homogeneity with IMRT, the benefits of a once-daily regimen,
and the smaller breast size in Chinese women.

In our study, patients assigned to the PBI arm received a
prescribed dose of 40 Gy in 10 fractions once per day over 2
weeks via IMRT, which is different from the RT regimens in
other clinical trials. The regimen of 38.5 Gy in 10 fractions twice
per day was most used for external-beam PBI, such as in the
RAPID and RTOG 0413 trials. However, the RAPID trial showed
that PBI resulted in more late toxicities than did WBI (9).
External-beam PBI twice per day might not be an appropriate
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FIGURE 2 | Quality of life changes over time in the PBI and WBI arm determined using the QLQ-C30 (A) and QLQ-BR23 (B) questionnaires. These graphs show
changes in the mean QoL scores over time for each domain. Error bars represent standard deviation (SD). *Time points at which differences from baseline were
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TABLE 4 | Summary of generalized estimating equation for quality-of-life outcomes, P values.

Domain Treatment
T1vs. TO T2vs. TO

Global health status 0.254 0.083 0.153
Physical functioning 0.582 0.005(0.961) 0.015
Role functioning 0.891 0.307 0.346
Emotional functioning 0.890 0.488 0.949
Social functioning 0.944 0.259 0.064
Fatigue 0.944 <0.001 (1.342) 0.029
Pain 0.178 <0.001 (1.448) <0.001 (1.840)
Dyspnea 0.565 <0.001 (1.864) 0.001 (1.790)
Financial difficulties 0.736 0.328 0.576
Body image 0.111 0.152 0.872
Future perspective 0.722 0.054 0.307
Breast symptoms 0.385 <0.001 (1.619) <0.001 (1.811)
Arm symptoms 0.511 0.325 <0.001 (1.576)

Time Treatment x time
T3 vs.TO T3 vs. T2vs. T1vs. TO
0.842 0.609 0.403
0.287 0.034 0.986
0.001 (1.099) <0.001 0.750
0.918 0.860 0.865
<0.001 (1.146) <0.001 0.708
0.191 <0.001 0.554
0.479 <0.001 0.348
<0.001 (2.052) <0.001 0.437
<0.001 (0.678) 0.002 0.319
0.029 0.001 0.615
0.146 0.013 0.011
0.465 <0.001 0.053
0.590 <0.001 0.058

Values in parentheses are the mean ratios of QoL scale scores at different timepoints when P value < 0.01.
TO, before radiotherapy; T1, at the end of radiotherapy; T2, at 6 months after radiotherapy; T3, at 1 year after radiotherapy.

TABLE 5 | Summary of QoL comparisons between APBI and WBI.

QoL results (APBI compared with WBI)

Better QoL regarding breast symptoms and arm symptoms

Better QoL regarding breast symptoms

Better QoL regarding most subscales, such as GHS, physical,
role, and emotional functioning at al

Less fatigue in the no-chemotherapy group, and more fatigue in
the chemotherapy group.

Worse QoL regarding emotional response

Similar QoL

Study n Technique Treatment
for APBI
GEC-ESTRO (12) 1184 IBT WBI (50 Gy in 25 fr + 10-Gy boost)
APBI (32 Gy in 8 fr or 30.1 Gy in 7 fr [HDR] or 50 Gy
in 0.6-0.8 Gy per pulse [PDR])
TARGIT-A (22) 3451 IORT WBI (50 Gy in 25 fr +/- 10-Gy boost),
APBI (20 Gy to the 90% isodose)
Florence IMRT (11) 520 IMRT WBI (50 Gy in 25 fr + 10-Gy boost)
PBI (30 Gy in 5 fr, 2wks)
RTOG 0413 (25) 4216 IBT, 3DCRT  WBI (50 Gy in 25 fr +/- 10-Gy boost)
APBI (34-38.5 Gy in 10 fr, bid)
A retrospective study 84 3DCRT WBI (48.6-50Gy in 25-27fr + 10-Gy boost)
in China (14) APBI (34 Gy in 10 fr, bid)
Present study 115 IMRT WBI (43.5 Gy in 15 fr +/- 8.7-Gy boost)

PBI (40 Gy in 10 fr, 2wks)

APBI, accelerated partial breast irradiation; QoL, quality of life; IBT, interstitial brachytherapy; WBI, whole breast irradiation; PBI, partial breast irradiation; fr, fractions; EBRT, external beam—
based radiotherapy; IORT, intraoperative radiation therapy; wks, weeks; GHS, global health status.

schedule for the modality. Some studies suggested that an
interval between external beam fractions of 6 h was not
enough to repair the sublethal damage to normal tissues (26),
whereas late radiation effects would be fewer when the interval
was 24 hours or more (27-29). In addition, delivering PBI twice
per day did not save medical resources, and it might increase
fatigue in patients who have to linger in the hospital during the
period between the two fractions. Thus, delivering external-beam
PBI once per day might be a good option. The IMPORT LOW
trial, in which PBI was delivered as 40 Gy in 15 daily fractions,
demonstrated similar or fewer late adverse effects for PBI
compared to WBI (30). As mentioned above, in the phase 3
Florence trial, the women in the PBI arm receiving 30 Gy in five
daily fractions over 2 weeks with IMRT, had better QoL than
those in the WBI arm (11). Other options for PBI, such as IORT
or brachytherapy, require complicated and invasive techniques
and are therefore not widely applied. Taking account of the low
number of linear accelerator machines, high patient numbers,
and the popularity of external-beam RT in China, we evaluated

the once per day regimen with IMRT in this study. The present
analysis showed that this regimen of PBI could provide excellent
QoL and might be suitable for Chinese patients with early-stage
breast cancer.

In our study, the analysis of changes in QoL over time showed
that the scores for fatigue and pain significantly increased at the
end of treatment compared to those at baseline in the PBI arm,
which suggested that these two symptoms might be influenced
more by PBI. The scores for dyspnea increased significantly after
treatment and did not remarkably improve at the 1-year follow
up, the reasons for which are unknown. The scores for future
perspective at the end of RT were significantly lower than those
at baseline in the PBI arm, indicating that PBI-treated patients
worried about their disease. Breast symptom scores significantly
increased at the end of RT and at the 6-month follow-up
compared to the baseline scores in both the PBI and WBI
arms, and arm symptom scores significantly increased at the 6-
month follow-up in the PBI arm, which might reflect the side
effects on the breast due to local RT. The analysis of QoL in the
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GEC-ESTRO trial (12) showed that the breast symptom scores
markedly increased after treatment in both arms, followed by a
decrease after 3 months, whereas arm symptom scores remained
stable in both arms. Meattini and colleagues (11) reported that in
the phase 3 Florence trial, breast and arm symptoms worsened in
the WBI arm at the end of RT, and the scores remained
significantly higher than the baseline scores at the 2-year
follow-up. On the other hand, breast symptom scores did not
change after PBI and improved significantly at the 2-year follow-
up, and arm symptom scores remained stable throughout. At the
1-year follow-up in our study, most symptom and functional
subscale scores that were influenced by RT recovered to levels
similar to those before RT. Furthermore, the scores for the role
and social functioning and financial difficulties subscales
improved significantly compared to those at baseline,
indicating that most treatment-related effects on QoL were
transient and recovered over the course of 1 year, which was
in line with the findings of other longitudinal QoL analysis
of external-beam RT (31, 32). Similarly, in a prospective
longitudinal analysis of 151 patients with PBI using high-dose-
rate interstitial brachytherapy, Garsa et al. reported that scores
for emotional functioning and financial difficulties significantly
improved at 2 years after treatment (32).

There were several limitations of this study. Firstly, the
enrolled patients were not masked to the allocated treatment,
which might influence the patient-reported outcomes due to their
expectations. Secondly, the statistical power might be impaired
because QoL was not the primary endpoint of this randomized
study and the sample size was small. Thirdly, the follow-up time is
short, and the findings may not reflect long-term QoL outcomes.
Finally, this study only enrolled Chinese patients, therefore the
results may be different when applying to other patient
populations, and the data of breast size was not collected which
may play an important role in the breast-related QoL.

CONCLUSION

Patients treated with PBI using the IMRT technique have
comparable QoL outcomes with those treated with WBI.
Compared with baseline scores, most QoL subscale scores that
were influenced by RT would return to a similar or better level
within 1 year after treatment, except for the dyspnea subscale
scores. PBI with IMRT delivered in 10 daily fractions might be
considered as a treatment option for selected cases of low-risk
breast cancer after breast-conserving surgery.

REFERENCES

1. The International Agency for Research on Cancer. Latest Global Cancer Data:
Cancer Burden Rises to 19.3 Million New Cases and 10.0 Million Cancer
Deaths in 2020 (2020). Available at: https://www.iarc.who.int/news-events/
latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-
and-10-0-million-cancer-deaths-in-2020/ (Accessed December 15, 2020).

2. Fisher B, Anderson S, Bryant ], Margolese RG, Deutsch M, Fisher ER, et al.
Twenty-Year Follow-Up of a Randomized Trial Comparing Total
Mastectomy, Lumpectomy, and Lumpectomy Plus Irradiation for the

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by National Cancer GCP for Anticancer Drugs, The
Independent Ethics Committee, National Cancer Center/Cancer
Hospital, Chinese Academy of Medical Sciences and Peking
Union Medical College. The patients/participants provided
their written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

Y-CS and G-YS: Formal analysis, investigation, data collection,
methodology, and writing of the first draft. HF: Patient care and
review and editing of the manuscript and revision of the
manuscript. YuT: Statistical analysis review and editing of
the manuscript. Y-WS: Patient care and review and editing of
the manuscript. CH: Statistical analysis guidance. S-NQ: Patient
care and review and editing of the manuscript. BC: Patient care
and review and editing of the manuscript. HJ: Patient care and
review and editing of the manuscript. YuaT: Patient care and
review and editing of the manuscript. JJ: Patient care and review
and editing of the manuscript. Y-PL: Patient care and review
and editing of the manuscript. N-nL: Patient care and review and
editing of the manuscript. Y-XL: Formal analysis and data
collection, validation, statistical guidance, and project
administration, patient care, and writing of the manuscript.
S-LW: Formal analysis and data collection, validation, statistical
analysis guidance, project administration, patient care, writing,
and editing of the first draft of the manuscript. All authors
contributed to the article and approved the submitted version.

FUNDING

This study was supported by grants from the Capital
Characteristic Clinic Project (Z171100001017116) and the
National Natural Science Foundation of China (81972860).

Treatment of Invasive Breast Cancer. N Engl ] Med (2002) 347:1233-41.
doi: 10.1056/NEJMo0a022152

3. Sarrazin D, Lé MG, Arriagada R, Contesso G, Fontaine F, Spielmann M, et al.
Ten-Year Results of a Randomized Trial Comparing a Conservative
Treatment to Mastectomy in Early Breast Cancer. Radiother Oncol (1989)
14:177-84. doi: 10.1016/0167-8140(89)90165-5

4. Fisher ER, Anderson S, Tan-Chiu E, Fisher B, Eaton L, Wolmark N. Fifteen-
Year Prognostic Discriminants for Invasive Breast Carcinoma: National Surgical
Adjuvant Breast and Bowel Project Protocol-06. Cancer (2001) 91:1679-87.
doi: 10.1002/1097-0142(20010415)91:8+<1679::AID-CNCR1183>3.3.CO;2-#

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 738318


https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/
https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/
https://www.iarc.who.int/news-events/latest-global-cancer-data-cancer-burden-rises-to-19-3-million-new-cases-and-10-0-million-cancer-deaths-in-2020/
https://doi.org/10.1056/NEJMoa022152
https://doi.org/10.1016/0167-8140(89)90165-5
https://doi.org/10.1002/1097-0142(20010415)91:8+%3C1679::AID-CNCR1183%3E3.3.CO;2-#
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

Song et al.

QoL After Partial Breast Irradiation

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Polgar C, Major T, Takacsi-Nagy Z, Fodor ]. Breast-Conserving Surgery

Followed by Partial or Whole Breast Irradiation: Twenty-Year Results of a
Phase 3 Clinical Study. Int ] Radiat Oncol Biol Phys (2021) 109:998-1006.
doi: 10.1016/j.ijrobp.2020.11.006

. Vaidya JS, Bulsara M, Baum M, Wenz F, Massarut S, Pigorsch S, et al. Long

Term Survival and Local Control Outcomes From Single Dose Targeted
Intraoperative Radiotherapy During Lumpectomy (TARGIT-IORT) for Early
Breast Cancer: TARGIT-A Randomised Clinical Trial. BMJ (2020) 370:
m2836. doi: 10.1136/bmj.m2836

. Vicini FA, Cecchini RS, White JR, Arthur DW, Julian TB, Rabinovitch RA,

et al. Long-Term Primary Results of Accelerated Partial Breast Irradiation
After Breast-Conserving Surgery for Early-Stage Breast Cancer: A
Randomised, Phase 3, Equivalence Trial. Lancet (2019) 394:2155-64.
doi: 10.1016/50140-6736(19)32514-0

. Meattini I, Marrazzo L, Saieva C, Desideri I, Scotti V, Simontacchi G, et al.

Accelerated Partial-Breast Irradiation Compared With Whole-Breast
Irradiation for Early Breast Cancer: Long-Term Results of the Randomized
Phase III APBI-IMRT-Florence Trial. J Clin Oncol (2020) 38:4175-83.
doi: 10.1200/jc0.20.00650

. Whelan TJ, Julian JA, Berrang TS, Kim D-H, Germain I, Nichol AM, et al.

External Beam Accelerated Partial Breast Irradiation Versus Whole Breast
Irradiation After Breast Conserving Surgery in Women With Ductal
Carcinoma in Situ and Node-Negative Breast Cancer (RAPID): A
Randomised Controlled Trial. Lancet (2019) 394:2165-72. doi: 10.1016/
s0140-6736(19)32515-2

Wadasadawala T, Budrukkar A, Chopra S, Badwe R, Hawaldar R, Parmar V,
et al. Quality of Life After Accelerated Partial Breast Irradiation in Early Breast
Cancer: Matched Pair Analysis With Protracted Whole Breast Radiotherapy.
Clin Oncol (2009) 21:668-75. doi: 10.1016/j.clon.2009.07.014

Meattini I, Saieva C, Miccinesi G, Desideri I, Francolini G, Scotti V, et al.
Accelerated Partial Breast Irradiation Using Intensity Modulated
Radiotherapy Versus Whole Breast Irradiation: Health-Related Quality of
Life Final Analysis From the Florence Phase 3 Trial. Eur J Cancer (2017)
76:17-26. doi: 10.1016/j.ejca.2017.01.023

Schifer R, Strnad V, Polgar C, Uter W, Hildebrandt G, Ott O], et al. Quality-
Of-Life Results for Accelerated Partial Breast Irradiation With Interstitial
Brachytherapy Versus Whole-Breast Irradiation in Early Breast Cancer After
Breast-Conserving Surgery (GEC-ESTRO): 5-Year Results of a Randomised,
Phase 3 Trial. Lancet (2018) 19:834-44. doi: 10.1016/s1470-2045(18)30195-5
Vaidya JS, Wenz F, Bulsara M, Tobias JS, Joseph DJ, Keshtgar M, et al. Risk-
Adapted Targeted Intraoperative Radiotherapy Versus Whole-Breast
Radiotherapy for Breast Cancer: 5-Year Results for Local Control and
Overall Survival From the TARGIT-A Randomised Trial. Lancet (2014)
383:603-13. doi: 10.1016/s0140-6736(13)61950-9

He Z-Y, Tong Q, Wu S-G, Li F-Y, Lin H-X, Guan X-X. A Comparison of
Quality of Life of Early Breast Cancer Patients Treated With Accelerated
Partial Breast Irradiation Versus Whole Breast Irradiation in China. Breast
Cancer Res Treat (2011) 133:545-52. doi: 10.1007/s10549-011-1793-7
Aaronson NK, Ahmedzai S, Bergman B, Bullinger M, Cull A, Duez NJ, et al.
The European Organization for Research and Treatment of Cancer QLQ-C30:
A Quality-of-Life Instrument for Use in International Clinical Trials in
Oncology. ] Natl Cancer Inst (1993) 85:365-76. doi: 10.1093/jnci/85.5.365
Sprangers MA, Groenvold M, Arraras JI, Franklin J, te Velde A, Muller M,
et al. The European Organization for Research and Treatment of Cancer
Breast Cancer-Specific Quality-of-Life Questionnaire Module: First Results
From a Three-Country Field Study. J Clin Oncol (1996) 14:2756-68.
doi: 10.1200/jc0.1996.14.10.2756

McLachlan SA, Devins GM, Goodwin PJ. Validation of the European
Organization for Research and Treatment of Cancer Quality of Life
Questionnaire (QLQ-C30) as a Measure of Psychosocial Function in Breast
Cancer Patients. Eur | Cancer (1998) 34:510-7. doi: 10.1016/s0959-8049(97)
10076-4

Osoba D, Zee B, Pater ], Warr D, Kaizer L, Latreille J. Psychometric Properties
and Responsiveness of the EORTC Quality of Life Questionnaire (QLQ-C30)
in Patients With Breast, Ovarian and Lung Cancer. Qual Life Res (1994)
3:353-64. doi: 10.1007/bf00451727

Chie WC, Chang KJ, Huang CS, Kuo WH. Quality of Life of Breast Cancer
Patients in Taiwan: Validation of the Taiwan Chinese Version of the EORTC

20.

21.

22.

23.

24.

25.

26.

28.

29.

30.

31.

32.

QLQ-C30 and EORTC QLQ-Br23. Psychooncology (2003) 12:729-35.
doi: 10.1002/pon.727

Chen Q, Li S, Wang M, Liu L, Chen G. Health-Related Quality of Life Among
Women Breast Cancer Patients in Eastern China. BioMed Res Int (2018)
2018:1452635. doi: 10.1155/2018/1452635

Bottomley A, Biganzoli L, Cufer T, Coleman RE, Coens C, Efficace F, et al.
Randomized, Controlled Trial Investigating Short-Term Health-Related
Quality of Life With Doxorubicin and Paclitaxel Versus Doxorubicin and
Cyclophosphamide as First-Line Chemotherapy in Patients With Metastatic
Breast Cancer: European Organization for Research and Treatment of Cancer
Breast Cancer Group, Investigational Drug Branch for Breast Cancer and the
New Drug Development Group Study. J Clin Oncol (2004) 22:2576-86.
doi: 10.1200/jc0.2004.02.037

Corica T, Nowak AK, Saunders CM, Bulsara M, Taylor M, Vaidya JS, et al.
Cosmesis and Breast-Related Quality of Life Outcomes After Intraoperative
Radiation Therapy for Early Breast Cancer: A Substudy of the TARGIT-A
Trial. Int ] Radiat Oncol Biol Phys (2016) 96:55-64. doi: 10.1016/
j.ijrobp.2016.04.024

Fairclough DL. Design and Analysis of Quality of Life Studies in Clinical Trials.
UK: Chapman and Hall/CRC (2010).

Osoba D, Rodrigues G, Myles ], Zee B, Pater J. Interpreting the Significance of
Changes in Health-Related Quality-of-Life Scores. J Clin Oncol (1998) 16:139—
44. doi: 10.1200/jc0.1998.16.1.139

White JR, Winter K, Cecchini RS, Vicini FA, Arthur DW, Kuske RR, et al.
Cosmetic Outcome From Post Lumpectomy Whole Breast Irradiation (WBI)
Versus Partial Breast Irradiation (PBI) on the NRG Oncology/NSABP B39-
RTOG 0413 Phase III Clinical Trial. Int J Radiat Oncol Biol Phys (2019) 105:
$3-4. doi: 10.1016/j.ijrobp.2019.06.384

Bentzen SM, Yarnold JR. Reports of Unexpected Late Side Effects of
Accelerated Partial Breast Irradiation-Radiobiological Considerations. Int |
Radiat Oncol Biol Phys (2010) 77:969-73. doi: 10.1016/j.ijrobp.2010.01.059

. Formenti SC, Hsu H, Fenton-Kerimian M, Roses D, Guth A, Jozsef G, et al.

Prone Accelerated Partial Breast Irradiation After Breast-Conserving Surgery:
Five-Year Results of 100 Patients. Int ] Radiat Oncol Biol Phys (2012) 84:606—
11. doi: 10.1016/j.ijrobp.2012.01.039

Coles CE, Griftin CL, Kirby AM, Titley J, Agrawal RK, Alhasso A, et al. Partial-
Breast Radiotherapy After Breast Conservation Surgery for Patients With
Early Breast Cancer (UK IMPORT LOW Trial): 5-Year Results From a
Multicentre, Randomised, Controlled, Phase 3, Non-Inferiority Trial. Lancet
(2017) 390:1048-60. doi: 10.1016/s0140-6736(17)31145-5

Livi L, Meattini I, Marrazzo L, Simontacchi G, Pallotta S, Saieva C, et al.
Accelerated Partial Breast Irradiation Using Intensity-Modulated
Radiotherapy Versus Whole Breast Irradiation: 5-Year Survival Analysis of
a Phase 3 Randomised Controlled Trial. Eur J Cancer (2015) 51:451-63.
doi: 10.1016/j.ejca.2014.12.013

Bhattacharya IS, Haviland JS, Kirby AM, Kirwan CC, Hopwood P, Yarnold JR,
et al. Patient-Reported Outcomes Over 5 Years After Whole- or Partial-Breast
Radiotherapy: Longitudinal Analysis of the IMPORT LOW (CRUK/06/003)
Phase III Randomized Controlled Trial. J Clin Oncol (2019) 37:305-17.
doi: 10.1200/jco.18.00982

Sundaresan P, Sullivan L, Pendlebury S, Kirby A, Rodger A, Joseph D, et al.
Patients' Perceptions of Health-Related Quality of Life During and After
Adjuvant Radiotherapy for TINOMO Breast Cancer. Clin Oncol (R Coll Radiol)
(2015) 27:9-15. doi: 10.1016/j.clon.2014.09.007

Garsa AA, Ferraro D], DeWees TA, Deshields TL, Margenthaler JA, Cyr AE,
et al. A Prospective Longitudinal Clinical Trial Evaluating Quality of Life After
Breast-Conserving Surgery and High-Dose-Rate Interstitial Brachytherapy for
Early-Stage Breast Cancer. Int | Radiat Oncol Biol Phys (2013) 87:1043-50.
doi: 10.1016/j.ijrobp.2013.09.009

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in

Frontiers in Oncology | www.frontiersin.org

September 2021 | Volume 11 | Article 738318


https://doi.org/10.1016/j.ijrobp.2020.11.006
https://doi.org/10.1136/bmj.m2836
https://doi.org/10.1016/s0140-6736(19)32514-0
https://doi.org/10.1200/jco.20.00650
https://doi.org/10.1016/s0140-6736(19)32515-2
https://doi.org/10.1016/s0140-6736(19)32515-2
https://doi.org/10.1016/j.clon.2009.07.014
https://doi.org/10.1016/j.ejca.2017.01.023
https://doi.org/10.1016/s1470-2045(18)30195-5
https://doi.org/10.1016/s0140-6736(13)61950-9
https://doi.org/10.1007/s10549-011-1793-7
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1200/jco.1996.14.10.2756
https://doi.org/10.1016/s0959-8049(97)10076-4
https://doi.org/10.1016/s0959-8049(97)10076-4
https://doi.org/10.1007/bf00451727
https://doi.org/10.1002/pon.727
https://doi.org/10.1155/2018/1452635
https://doi.org/10.1200/jco.2004.02.037
https://doi.org/10.1016/j.ijrobp.2016.04.024
https://doi.org/10.1016/j.ijrobp.2016.04.024
https://doi.org/10.1200/jco.1998.16.1.139
https://doi.org/10.1016/j.ijrobp.2019.06.384
https://doi.org/10.1016/j.ijrobp.2010.01.059
https://doi.org/10.1016/j.ijrobp.2012.01.039
https://doi.org/10.1016/s0140-6736(17)31145-5
https://doi.org/10.1016/j.ejca.2014.12.013
https://doi.org/10.1200/jco.18.00982
https://doi.org/10.1016/j.clon.2014.09.007
https://doi.org/10.1016/j.ijrobp.2013.09.009
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

QoL After Partial Breast Irradiation

Song et al.
this article, or claim that may be made by its manufacturer, is not guaranteed or Commons Attribution License (CC BY). The use, distribution or reproduction in other
endorsed by the publisher. 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

Copyright © 2021 Song, Sun, Fang, Tang, Song, Hu, Qi, Chen, Jing, Tang, Jin, Liu, Lu, accepted academic practice. No use, distribution or reproduction is permitted which
Liand Wang. This is an open-access article distributed under the terms of the Creative does not comply with these terms.

Frontiers in Oncology | www.frontiersin.org 12 September 2021 | Volume 11 | Article 738318


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Quality of Life After Partial or Whole-Breast Irradiation in Breast-Conserving Therapy for Low-Risk Breast Cancer: 1-Year Results of a Phase 2 Randomized Controlled Trial
	Introduction
	Materials and Methods
	Study Design and Participants
	Randomization and Masking
	Procedures
	Quality of Life Assessment
	Statistical Analysis

	Results
	Discussion
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


