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Abstract

Background: The association between lymphedema of the arm and impaired health-related QoL (HR-QoL) has led to changes
in clinical practice. However, data on lymphedema of the breast (ie, breast edema) are lacking. We prospectively evaluated
patient-reported prevalence and determinants of breast edema and its effect on patient-reported HR-QoL and breast pain.
Methods: We prospectively included 836 patients undergoing breast-conserving surgery followed by radiotherapy be-
tween October 2013 and October 2016 (UMBRELLA cohort). Patient-reported breast edema, HR-QoL, and breast pain were
assessed by means of European Organisation for Research and Treatment of Cancer-C30/BR23 before starting radiother-
apy and at 3, 6, 12, and 18 months thereafter. We assessed which patient, tumor, and treatment characteristics were as-
sociated with breast edema. With mixed-effects models, we assessed the impact of breast edema on patient-reported
HR-QoL domains and breast pain over time, adjusting for confounders.
Results: Within a median follow-up of 28 months (interquartile range [IQR] ¼ 15), 207 (24.8%) patients reported breast edema
at some point in time. Prevalence of breast edema was highest at 6 months (12.4%, 95% confidence interval [CI] ¼ 10.0 to 14.7).
Larger tumor size, oncoplastic surgery, axillary lymph node dissection, locoregional radiotherapy, radiotherapy boost on the
tumor bed, and adjuvant chemotherapy were associated with breast edema. Breast edema was independently associated
with more breast pain and with poorer QoL, physical functioning, and body image.
Conclusions: Breast edema occurs frequently within the first year after breast-conserving surgery and radiotherapy and is in-
dependently associated with impaired HR-QoL and more breast pain. This information is important for use in clinical practice
and should be discussed with patients during shared decision making.
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Because of earlier detection of breast cancer and more effective
treatment, breast cancer prognosis has improved substantially
over the past decades (1–3). As such, long-term side effects of
treatment and health-related quality of life (HR-QoL) are becom-
ing increasingly relevant (4,5).

Breast-conserving therapy (BCT), which consists of breast-
conserving surgery (BCS) followed by whole-breast irradiation,
has become the standard of care for early-stage breast cancer,
because the oncologic outcome is similar to that of mastectomy
(1–3). With the advent of neoadjuvant systemic therapy and
oncoplastic surgical techniques, BCT can nowadays also be of-
fered to women with larger tumors (6,7). With the increasing
proportion of patients undergoing BCT, physicians more often
report isolated lymphedema of the breast (ie, breast edema), the
reasons for which are still not well understood (8).

Although the association between lymphedema of the arm
and impaired HR-QoL is widely acknowledged (9–11), less is
known about the impact of breast edema on HR-QoL (12).
Compared with arm edema, fewer studies are available, most of
which have been performed retrospectively or cross-sectionally
and without the use of patient-reported outcomes (PROs) (13).
Breast edema is most often described as part of physician-
reported toxicity scores in studies that evaluate experimental
interventions. Studies primarily aimed at assessing breast
edema in routine care are rare (8,12). Also, the effects of modern
treatment options, such as oncoplastic breast-conserving sur-
gery and neoadjuvant chemotherapy, on the risk of breast
edema have not been evaluated (13).

Evidence-based treatments for breast edema are not yet
available, but a substantial amount of women with breast
edema are treated with long-term interventions, such as man-
ual lymphatic drainage, taping of the breast, and compression
therapy (14). Understanding prevalence and risk factors for
breast edema is important to guide clinical decision making, to
adequately inform patients about its impact on HR-QoL, and to
serve as a starting point for developing targeted evidence-based
interventions.

The aim of this study was to evaluate the prevalence and
determinants of breast edema, and the association between
breast edema and patient-reported HR-QoL and breast pain in a
large prospective cohort of women undergoing BCT.

Methods

Participants

This study was conducted within the prospective Utrecht cohort
for Multiple Breast Cancer Intervention Studies and Long-term
Evaluation (UMBRELLA). The UMBRELLA study includes women
with (in situ) breast cancer referred for radiation treatment at
the University Medical Center Utrecht in the Netherlands (15).
All participants gave written informed consent for longitudinal
data collection at regular intervals during and after treatment
(see Data Collection). The UMBRELLA study was approved by
the institutional review board, adheres to the Declaration of
Helsinki, and is registered on clinicaltrials.gov (16).

We prospectively included all women, age 18 years and
older, who underwent BCS followed by whole-breast irradiation
(with or without additional regional radiotherapy) between
October 2013 and October 2016. All patients with at least
12 months’ follow-up, who had completed surgery, radiother-
apy, and, if applicable, adjuvant chemotherapy and who
returned at least one questionnaire assessing PROs, were in-
cluded in the analyses.

Data Collection

Patient, tumor, and treatment characteristics were prospec-
tively collected and obtained from electronic patient files and
quarterly provided data from the Netherlands Cancer Registry.

Presence of patient-reported breast edema was assessed
prior to the start of radiotherapy and at 3, 6, 12, and 18 months
thereafter. Breast edema was evaluated by means of the
European Organisation for Research and Treatment of Cancer
(EORTC) QLQ-BR23 question 51 (ie, “During the past week; Was
the area of your affected breast swollen?”) on a four-point Likert
scale (ie, “not at all,” “a little,” “quite a bit,” or “very much”) (17).

The following potential determinants were studied: age;
(neo)adjuvant systemic therapy (chemotherapy, endocrine ther-
apy, immunotherapy, alone or in combination); oncoplastic sur-
gery; sentinel node biopsy; axillary lymph node dissection
(ALND); tumor size; radiotherapy boost to the tumor bed (ie, lo-
cal radiotherapy boost); and regional lymph node irradiation (ie,
axillary and/or periclavicular lymph nodes). In line with Dutch
guidelines, oncoplastic surgery was defined as breast-
conserving oncological resection combined with immediate re-
distribution of local breast tissue after a large proportion of the
breast (generally more than 20%) had to be resected as part of
BCS (18). Simple full-thickness closure was not considered as
oncoplastic surgery.

For all patients, completion dates for questionnaires were
registered, and the time between dates of the start of radiother-
apy, chemotherapy, and all other treatments were assessed.
Treatment variables were assessed as potential determinants
when the start of the concerning treatment (radiotherapy, che-
motherapy, and all other treatments) preceded the date of com-
pleting the questionnaire. For example, for patients who
received adjuvant chemotherapy 4 months after baseline (ie,
initiation of radiotherapy), chemotherapy was not assessed as a
potential determinant for breast edema at baseline and
3 months, but only at 6, 12, and 18 months.

To estimate the effects of breast edema on patient-reported
QoL, physical functioning, sexual functioning, body image, and
breast pain, we assessed EORTC QLQ-C30 and the breast cancer-
specific module BR23 before the start of radiation treatment and
3, 6, 12, and 18 months thereafter. Breast pain was assessed by
means of EORTC OLQ-BR23 question 50 (“During the past week;
Have you had any pain in the area of your affected breast?” on a
four-point Likert scale), whereas scores for the EORTC domains
QoL, physical functioning, sexual functioning, and body image
were calculated according to EORTC QLQ-C30 and BR23 guide-
lines (17,19).

Statistical Analysis

Frequencies, proportions, and means with standard deviations
for normally distributed variables—and medians with inter-
quartile ranges (IQRs) otherwise—were used to describe clinical
characteristics of study participants and prevalence of breast
edema.

To identify determinants that had a statistically significant
association with breast edema, we compared differences in the
percentages of breast edema between groups for each possible
determinant. This was performed at each time point using a t
test or Mann-Whitney U test for continuous variables and v2

test for categorical variables using complete case analysis. For
this analysis, data on patient-reported breast edema (ie, EORTC-
QLQ-BR23 question 51: “During the past week; Was the area of
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your affected breast swollen?”) were dichotomized to “not at all
or a little” vs “quite a bit or very much.” Questionnaires returned
later than 4 weeks after the planned assessment interval were
excluded from the analysis.

To compare QoL-related domains (ie, QoL, physical function-
ing, sexual functioning, and body image) and breast pain be-
tween patients with and without edema, we used linear mixed-
effects models for repeated measures. For this analysis, data
from patients who returned at least two PRO measures were in-
cluded. An autoregressive covariance structure was included
with the assumption that measurements closer together in
time would be more correlated than measurements further
apart. Fixed effects in the model were time (time after start of
radiotherapy, categorical); group (breast edema vs no breast
edema); the interaction between time and group; and potential
confounders (ie, age, ALND, tumor size, local radiotherapy
boost, regional lymph node irradiation, adjuvant systemic treat-
ment). For this analysis, outcome data on patient-reported
breast pain were linearly transformed into a continuous score
ranging from 0 to 100, according to the EORTC manual for symp-
tom scores (ie, higher scores indicate more symptoms). Results
were presented as estimated marginal means and mean differ-
ences (MD).

All reported P values were two sided, and values less than
.05 were considered statistically significant. Statistical analyses
were performed with IBM Statistical Package for Social Sciences
(SPSS) software, version 24 (IBM Corp, Armonk, NY).

Results

In total, we included 836 patients who were treated with BCT,
with a median follow-up of 28 months (IQR ¼ 15). This included
734 (88%) patients with invasive breast cancer and 102 (12%)
patients with ductal carcinoma in situ. A total of 656 (78%)
patients received whole-breast irradiation only, and 180 (22%)
patients received additional regional lymph node irradiation (ie,
locoregional radiotherapy) (Table 1).

Within the first 18 months after cohort enrollment, 207
(24.8%) patients had experienced breast edema at some point in
time. At baseline (ie, prior to the start of radiotherapy), 12.0%
(100 of 836; 95% confidence interval [CI] ¼ 9.8% to 14.1%) of
patients reported breast edema. Prevalence of breast edema
was 7.1% (58 of 819; 95% CI ¼ 5.3% to 8.8%) at 3 months, 12.4%
(96 of 777; 95% CI ¼ 10.0% to 14.7%) at 6 months, 8.2% (58 of 709;
95% CI ¼ 6.1% to 10.2%) at 12 months, and 5.5% (33 of 601; 95% CI
¼ 3.6% to 7.3%) at 18 months (Table 2).

Several factors had a statistically significant association
with breast edema (see Table 3). Oncoplastic surgery was associ-
ated with breast edema at baseline, but not at other time points.
ALND was associated with breast edema at all time points from
baseline up to 18 months. Locoregional radiotherapy was asso-
ciated with breast edema at 3, 6, and 12 months after the initia-
tion of radiotherapy. Local radiotherapy boost was associated
with breast edema at 18 months. Adjuvant chemotherapy was
associated with breast edema at 6, 12, and 18 months after the
initiation of radiotherapy. Also, women with breast edema had
larger tumors (17 mm, IQR ¼ 14 mm) than women without
breast edema (13 mm, IQR ¼ 10 mm).

Variables that were not associated with breast edema were
age, neoadjuvant chemotherapy with or without immunother-
apy, sentinel node biopsy, and adjuvant endocrine therapy.

Patients with breast edema reported statistically signifi-
cantly higher levels of breast pain than patients without edema

at all time intervals (baseline, 3, 6, 12, and 18 months), also after
adjusting the mixed model for potential confounders. Patients
with breast edema reported poorer QoL, poorer physical func-
tioning, and a poorer body image than patients without breast
edema at baseline and 6 months, also after adjusting the mixed
model for potential confounders (Table 4). Figures 1 and 2 dem-
onstrate crude results.

Discussion

To date, this is the largest study assessing breast edema, which
was conducted prospectively and from the patients’ perspec-
tive, by using PROs to diagnose breast edema and its impact on
HR-QoL and breast pain. We found that 24.8% of patients
reported breast edema at some point in time within the first
18 months after BCT. The highest prevalence of breast edema
was observed at 6 months (12.4%) and the lowest at 18 months
(5.5%) after the start of radiotherapy. Patients who underwent
oncoplastic surgery, ALND, locoregional radiotherapy, local ra-
diotherapy boost, and adjuvant chemotherapy and patients
with a larger tumor had a higher probability of developing
breast edema (see Table 3 for statistically significant time
points). The presence of breast edema was independently

Table 1. Characteristics of study participants treated with breast-
conserving surgery and adjuvant radiotherapy between October
2013 and October 2016, with at least 12 months’ follow-up (n¼ 836)

Characteristic No. of patients (%)

Age at inclusion, median (IQR), y 58 (16)
Neo-adjuvant systemic treatment

None 699 (83)
Chemotherapy 49 (6)
Chemotherapy and immunotherapy 88 (11)

Oncoplastic surgery
Yes 92 (11)
No 396 (47)
Unknown 348 (42)

Sentinel node biopsy
Yes 705 (84)
No 131 (16)

Axillary lymph node dissection
Yes 120 (14)
No 716 (86)

Pathological tumor stage
Ductal carcinoma in situ 102 (12)
T1 594 (71)
T2 133 (16)
�T3 7 (1)

Radiotherapy treatment
Local radiotherapy 656 (78)
Locoregional radiotherapy* 180 (22)

Local radiotherapy boost (ie, tumor bed)
Yes 286 (34)
No 459 (55)
Unknown 91 (11)

Adjuvant chemotherapy
Yes 232 (28)
No 604 (72)

Adjuvant endocrine therapy
Yes 656 (79)
No 180 (21)

*Includes radiotherapy on axillary and/or periclavicular lymph nodes.

IQR¼ interquartile range.
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associated with more breast pain at all time intervals up to
18 months and with poorer QoL, physical functioning, and body
image at baseline and 6 months.

Several other studies assessed the occurrence of breast
edema after BCT, showing a wide range from 10% to 90% (13).
This is best explained by heterogeneity in methods used to
measure and define breast edema in the absence of a gold stan-
dard. In clinical oncology practice, breast edema is often mea-
sured using physician-reported outcome measures, such as the
Common Terminology Criteria of Adverse Events (CTCAE); how-
ever, interobserver agreement using CTCAE is known to be low
(20). As a result, breast edema often remains underdiagnosed
and untreated in clinical practice. Therefore, we assessed breast
edema from the patient’s perspective.

Like us, two studies assessed patient-reported breast edema
after BCS (13). One study included 100 patients with early-stage
breast cancer who were treated with adjuvant partial breast ir-
radiation in an experimental setting. At 5 years after treatment,
nine women (9%) reported breast edema (21). A comparison
with our population is not possible because the UMBRELLA co-
hort did not include patients who underwent partial breast

Table 2. Patient-reported presence of breast edema in patients re-
ceiving breast-conserving therapy (ie, breast-conserving surgery fol-
lowed by radiotherapy)

Breast edema*

Time intervals† % (95% CI) n/N

Baseline 12.0 (9.8 to 14.1) 100/836
3 months 7.1 (5.3 to 8.8) 58/819
6 months 12.4 (10.0 to 14.7) 96/777
12 months 8.2 (6.1 to 10.2) 58/709
18 months 5.5 (3.6 to 7.3) 33/601

*Edema was defined by the European Organisation for Research and Treatment

of Cancer BR23 question 50 (“no edema” consists of “not at all” and “a little”;

“edema” consists of “quite a bit” and “very much”). CI ¼ confidence interval.

†Baseline is after breast-conserving surgery but before radiotherapy; 3 months

measurement is after the completion of radiotherapy (and at least 2 months af-

ter the initiation of radiotherapy). Because this is an ongoing, actively recruiting

cohort, the denominator decreases over time.

Table 3. Proportions of women with breast edema after various types of treatments as part of breast-conserving therapy (n¼ 836)

Variables

Breast edema

Baseline 3 months 6 months 12 months 18 months

% P* % P* % P* % P* % P*

Neoadjuvant chemotherapy with immunotherapy
Yes (n ¼ 88) 12.5 — 5.1 — 12.0 — 11.4 — 4.4 —
No (n ¼ 699) 10.9 .65 7.2 .48 12.3 .94 8.0 .33 5.7 .72

Oncoplastic surgery
Yes (n ¼ 92) 20.0 — 10.2 — 12.2 — 4.1 — 5.3 —
No (n ¼ 396) 10.2 .04 7.1 .44 12.2 .99 6.6 .50 5.5 .99

Sentinel node biopsy
Yes (n ¼ 705) 10.1 5.7 — 11.8 — 8.2 — 5.5 —
No (n ¼ 131) 11.1 .40 6.3 .45 15.5 .26 8.0 .95 5.6 .95

Axillary lymph node dissection
Yes (n ¼ 120) 25.8 — 14.4 — 22.0 — 14.7 — 10.7 —
No (n ¼ 716) 9.6 <.01 5.8 <.01 10.8 <.01 7.0 <.01 4.6 .04

Radiotherapy
Local (n ¼ 656) N/A — 5.8 — 11.0 — 7.1 — 5.3 —
Locoregional† (n ¼ 180) N/A — 10.5 .04 17.1 .04 12.8 .03 6.8 .65

Local radiotherapy boost
Yes (n ¼ 286) N/A — 4.6 — 12.0 — 7.7 — 8.1 —
No (n ¼ 459) N/A — 6.8 .31 10.2 .51 6.7 .74 2.8 .01

Adjuvant chemotherapy
Yes (n ¼ 232) N/A — 5.7 — 22.4 — 14.8 — 11.2 —
No (n ¼ 604) N/A — 7.6 .35 8.4 <.01 5.4 <.01 2.9 <.01

Adjuvant endocrine therapy
Yes (n ¼ 656) N/A — 7.6 — 14.8 — 9.7 — 6.1 —
No (n ¼ 180) N/A — 6.7 .58 10.4 .08 7.0 .19 5.0 .59

Continuous variables Median (IQR) P‡
Age, y

Breast edema 58 (16)
No breast edema 58 (16) .62

Tumor size, mm
Breast edema 17 (14)
No breast edema 13 (10) <.001

*P value based on two-sided v2 test. IQR ¼ interquartile range; N/A ¼ at-baseline radiotherapy and adjuvant chemotherapy have not yet been initiated.

†Includes radiotherapy on axillary and/or periclavicular lymph nodes.

‡P value based on Mann-Whitney U test.
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irradiation, and we did not assess outcomes 5 years after treat-
ment. The other study was performed cross-sectionally, and in-
cluded 131 patients who received BCT between 2005 and 2010,
of whom 75% reported breast edema at some point between 0

and 60 months following BCT (8). Differences in prevalence of
breast edema are explained by the use of different PRO
instruments, different breast edema definitions, and the other
study’s cross-sectional study design.

Figure 1. Impact of breast edema on breast pain following breast-conserving surgery and radiotherapy (unadjusted scores). EORTC ¼ European Organisation for

Research and Treatment of Cancer.

Figure 2. Impact of breast edema on health-related quality-of-life domains following breast-conserving surgery and radiotherapy (unadjusted scores) with 95% confi-

dence bands. EORTC ¼ European Organisation for Research and Treatment of Cancer; QOL ¼ quality of life.
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We identified six risk factors for breast edema following
BCT: oncoplastic surgery, ALND, larger tumor size, locoregional
radiotherapy, local radiotherapy boost, and adjuvant chemo-
therapy. Larger tumor size, local radiotherapy boost, and adju-
vant chemotherapy were also identified as risk factors in other
studies, whereas the association of breast edema with ALND
and locoregional radiotherapy have not yet been found by previ-
ous studies (13,22,23). In contrast to some previous reports, sen-
tinel node biopsy and adjuvant endocrine therapy did not
increase the risk of breast edema in our study population
(13,24,25).

To our knowledge, we were the first to assess modern-day
treatment options such as oncoplastic surgery and neoadjuvant
chemotherapy. Oncoplastic surgery led to an increased risk of
breast edema at baseline only (ie, after surgery but before the
start of radiotherapy). This may be explained by a temporary
impairment of the lymphatic system after larger volumes of tis-
sue were mobilized when applying oncoplastic breast-
conserving surgery. Collecting data on oncoplastic surgery was
challenging, because not all operative reports described which
closure techniques were applied (although surgeons were aware
that this information was part of our prospective data collec-
tion). In only 58% of the samples (488 of 836 patients), it was ex-
plicitly stated whether oncoplastic surgery was applied.
Prospective studies that assess larger groups of patients who
underwent oncoplastic breast-conserving surgery are required
to further study its association with breast edema.

ALND was associated with breast edema at all time points.
Because of the removal of all axillary lymph nodes, lymph
drainage of the arm is affected. This could potentially result in
more accumulation of lymph fluid in the surrounding areas,
such as the breast area.

In our study, breast edema occurred more often at 18 months
after a local radiotherapy boost. Breast edema also occurred
more often at 3, 6, and 12 months after locoregional radiother-
apy. In both cases, this may be closely linked to breast fibrosis, a
process by which skin and underlying tissue gradually become
less elastic, which starts to develop later in time after undergo-
ing more extensive radiotherapy (26–28).

Results from the AMAROS trial showed that locoregional ra-
diotherapy leads to significantly less symptomatic arm edema
compared with ALND (11% vs 23% after 5 years) (29). Therefore,
to reduce arm morbidity in patients with limited nodal involve-
ment, axillary lymph node irradiation (as part of locoregional
radiotherapy) is increasingly applied instead of routine ALND
(30). Our study showed that both locoregional radiotherapy and
ALND increase the risk of breast edema. This increased risk of
breast edema may be an argument for patients with limited
nodal involvement to refuse any type of additional axillary
treatment. Therefore, physicians should discuss the risks of de-
veloping breast edema with patients when outweighing onco-
logical benefits vs potential side effects of additional axillary
treatment.

An important aim of our study was to assess the associa-
tion between breast edema and HR-QoL, because data are lack-
ing. This is the first study to systematically assess breast
edema in relation to HR-QoL over time in a large sample of
modern-day patients with breast cancer. Thus, our results pro-
vide more robust and in-depth scientific proof of the associa-
tion between breast edema and impaired HR-QoL, providing
physicians clinically relevant numbers to share with their
patients.

Adriaenssens et al. (8) previously assessed the influence of
breast edema of QoL using the same PRO instrument as we didT
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(ie, EORTC QLQ-BR23) in 131 patients undergoing BCT. Their
data were collected cross-sectionally, which hampers conclu-
sions about the temporal occurrence relation. Nonetheless, sim-
ilar to our findings, patients with breast edema reported
statistically significant worse body image and no statistically
significant differences in sexual functioning. Degnim et al. (12)
also assessed the impact of breast edema on QoL in a group of
124 women after nonmastectomy breast procedures between
2006 and 2009. Within a median follow-up period of 11 months,
they did not find statistically significant differences in QoL be-
tween patients with and without breast edema, which may best
be explained by their sample size. They used a different breast
cancer-specific PRO instrument (FACT-B), hampering direct
comparison with our results.

Breast edema was associated with more breast pain at all
time points. This is a clinically relevant finding. Early recogni-
tion of breast edema as the potential underlying cause of breast
pain is important to initiate targeted interventions instead of
only prescribing (chronic) pain medication. However, the cur-
rently available breast edema interventions have not been prop-
erly evaluated in randomized studies. Therefore, evidence-
based treatment for breast edema is lacking. Our results can
help set up studies for proper evaluation of effectiveness (eg,
breast pain reduction as an endpoint).

Our study has several limitations. We used EORTC-BR23
question 51 to identify patients with breast edema (“swelling of
the breast”). As a result, baseline data may also include other
factors that could be labeled by patients as breast swelling such
as hematoma or seroma. This explains the high prevalence of
breast swelling at baseline (before the start of radiotherapy),
because seroma and hematoma are most often seen within
days to weeks after breast-conserving surgery. Therefore, we
did not assess whether edema at baseline is a determinant for
persistent breast edema, because edema reported at baseline in
this study may be slightly different from what has been identi-
fied as edema later in time. Unfortunately, to date no other PRO
instruments exist to identify isolated patient-reported breast
edema (11). Furthermore, questionnaire return rates decreased
over time from 87% at baseline to 71% at 18 months. This may
not be an issue when nonresponse is random, but could be
problematic in case of differential nonresponse (eg, result in un-
derestimation of breast edema prevalence when only patients
with breast edema stop returning questionnaires).

In conclusion, this study identified several risk factors for
breast edema that could change clinical decisions. Patients un-
dergoing oncoplastic surgery, ALND, locoregional radiotherapy,
radiotherapy boost to the tumor bed, and adjuvant chemother-
apy and patients with larger tumors should be informed about
their higher probability of developing breast edema. Risks and
benefits of applying these treatment options should carefully be
outweighed during shared decision making between patient
and physician. Our study also shows that breast edema is asso-
ciated with reduced HR-QoL, and especially with more breast
pain. To date, there are no evidence-based interventions for
breast edema, thus these findings highlight the need for sys-
tematic evaluation and development of targeted interventions
for breast edema to reduce its impact on the lives of breast can-
cer patients and survivors.
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