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Abstract

Purposes The study intended to (1) assess changes of health-related quality of life (HRQoL) between early treatment-related
time points and 10 years post-treatment in a cohort of breast cancer (BC) patients who received radiotherapy (RT), (2) to
evaluate differences in HRQoL between long-term BC survivors and unaffected women from the same geographical region
and (3) to identify determinants of long-term HRQoL in the survivor cohort.

Methods 292 BC patients were recruited prior to RT after breast-conserving surgery between 1998 and 2001 in Germany
and prospectively followed up for a median of 11.4 years (range 10.3-12.8 years). HRQoL was assessed using EORTC QLQ-
C30 at pre-RT (baseline), during RT, 6 weeks after RT, and at the 10-year follow-up. Changes in mean HRQoL scores over
time were assessed using linear-mixed models. HRQoL in long-term survivors and controls was compared using Wilcoxon
rank-sum test, stratified by age groups. Multivariable linear regression models were used to identify determinants for HRQoL
in long-term BC survivors.

Results Compared to baseline level (mean summary score of 64.9), global health status/quality of life (GHS/QoL) declined
during RT (62.4) and improved 6 weeks after RT (69.9) before decreasing to baseline level at the 10-year follow-up (66.7).
Most functional domains deteriorated or remained stable at 10 years post-diagnosis compared to post-RT scores, except
for role functioning which improved, while dyspnea and diarrhea significantly deteriorated between those two time points.
There were no significant differences in long-term GHS/QoL between BC survivors 10 years post-RT and controls for all
age groups (p>0.05). However, deficits in specific HRQoL domains such as emotional burden, sleep problems or fatigue
were found to more strongly affect survivors, in particular those younger than 65 years, compared to controls. In the deter-
minant analysis, being overweight was associated with lower GHS/QoL and physical functioning, while living with others
was found to be associated with better physical functioning, and decreased dyspnea and pain levels. Certain comorbidities
such as depression had a strong association with multiple HRQoL domains, including lower GHS/QoL and functioning as
well as a higher level of fatigue, pain, sleep/intestinal problems, and financial difficulties. Side effects such as lymphedema/
pain and fibrosis were associated with worse physical and social functioning, respectively.

Conclusion The long-term GHS/QoL remained comparable when compared with the control population while restrictions
in certain functional and symptoms domains in long-term BC survivors persisted over 10 years, in particular among younger
survivors. Targeted screening to identify cancer survivors at risk for psychosocial/other impairment accounting also for
comorbidities and treatment side effects may be warranted in long-term aftercare to address unmet health needs.

Keywords Breast cancer - Survivorship - Health-related quality of life - Adjuvant radiotherapy - Long-term symptoms -
Sleep problems

Plain English summary

Late effects after cancer treatment might lead to impaired

D4 Petra Seibold health-related quality of life in cancer survivors. However,
p.seibold @dkfz-heidelberg.de knowledge on quality of life among long-term breast cancer
Extended author information available on the last page of the article survivors is limited. This study describes the time changes
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of health-related quality of life during the treatment period
as well as after 10 years in a unique cohort of breast cancer
survivors from Germany who were treated with radiotherapy
after surgery without chemotherapy. This study found that
the self-reported quality of life decreased during radiother-
apy but improved after cancer treatment. Ten years after
cancer diagnosis, global quality of life was comparable to
that of an unaffected control population, yet deficits in spe-
cific fields such as sleeping problems, fatigue, and emotional
burden persisted for more than a decade, in particular in
younger survivors and patients with certain comorbidities
and/or treatment-related side effects. Findings from this
study suggest more comprehensive long-term follow-up care
may be warranted, with specific focus to identify psychoso-
cial and other unmet health needs.

Introduction

Prevalence of breast cancer (BC) survivors is increasing with
S5-year and 10-year survival rates of 79% and 66%, respec-
tively, due to earlier detection and improved cancer treat-
ments [1-3]. Although BC prognosis has improved in recent
years, late effects, such as psychosocial problems, insomnia,
or other symptoms may still persist years after treatment
[4, 5]. BC and treatment-related symptoms are important
dimensions of health-related quality of life (HRQoL) and
can adversely affect HRQoL of cancer survivors. Thus, the
investigation of HRQoL of long-term BC survivors has
become a major interest of BC survivorship studies.

Previous studies have shown that many BC survivors may
feel unable to cope with life, family, and work expectations
due to reduced physical, emotional, or cognitive capacity
years after treatment [6-9]. Although overall HRQoL in
medium/long-term (< 10 years) and also very-long-term
survivors (> 20 years) has been reported to be comparable
to a control population, restrictions in certain functional
performances, and symptoms persisted [4, 10—13]. Fatigue,
sleeping problems, cognitive problems, physical dysfunc-
tions, and pain were shown to be long-lasting symptoms in
medium-term (<5 years) survivors [4, 14] and were simi-
larly found in a cross-sectional study of very long-term BC
survivors 14-24 years after diagnosis [13]. Restrictions
of HRQoL were consistently found to be more common
among younger survivors [15-18] who usually reported a
higher level of emotional burden and were more worried
about financial problems [18, 19]. Some studies showed that
both tumor and treatment-related factors such as adjuvant
chemotherapy [20-24], hormone therapy, as well as life-
style factors such as obesity [25] were associated with lower
HRQoL even years after diagnosis. Depression was found to
be highly associated with worse psychosocial problems and
impaired HRQoL [26].

@ Springer

Follow-up care for BC survivors usually ends at around
5 years past diagnosis [27-29]. Studies of HRQoL in BC
survivors with long-term follow-up more than 10 years are
rare. Therefore, we took advantage of the data prospectively
collected as a cohort of BC patients who were treated with
radiotherapy (RT) after breast-conserving surgery and fol-
lowed up for 10 years. We aimed to (1) examine changes in
mean HRQoL scores between early treatment measurements
and 10 years post-treatment, to (2) evaluate differences in
HRQoL between long-term BC survivors and a control pop-
ulation of the same geographical region and to (3) identify
determinants of long-term HRQoL in this specific cohort of
breast cancer survivors.

Methods
Data collection and study population
Patient cohort

Female BC patients from a population-based prospective
cohort study (ISE for “Individuelle StrahlenEmpfindli-
chkeit,” individual radiation sensitivity) in the Rhine-
Neckar region of Germany with an original focus on indi-
vidual radiation sensitivity were included in this analysis.
The ISE study recruited 478 BC patients with a histologi-
cally confirmed diagnosis of in situ or primary invasive BC
(all stages) at ages 26-87 years between 1998 and 2001.
Patients received adjuvant whole breast RT in 25 fractions
a2 Gy xboost at a total dose of 50-66 Gy after breast-con-
serving surgery [30]. Patients treated with chemotherapy
prior or simultaneously to radiotherapy were not eligible
for the study [31, 32]. Data on HRQoL were collected at
baseline (t1), which was after breast-conserving surgery
and before the beginning of post-operative RT, during RT
(t2 at 36-42 Gy, t3 at 44-50 Gy), at the end of RT (t4),
6 weeks after RT (t5), and about 10 years after RT (mean:
11.4 years) (t10). At baseline, information on socio-demo-
graphics, lifestyle factors, comorbidities, and medical his-
tory was assessed by a self-administered questionnaire. The
histological characteristics of the tumor including informa-
tion on stage at diagnosis and treatment were obtained from
pathology reports and hospital records, respectively. Patients
were re-contacted in 2011 and visited for examination of late
adverse effects of RT, disease progression as well as other
related information. Information on recurrences and metas-
tases were collected during the follow-up and were based on
self-reports as well as medical records.

Of the initial 478 BC patients, 72 (19%) had passed
away (due to BC or other causes) by 2011, 47 (10%) were
excluded from further participation because of the original
study design due to ablatio mammae, contralateral BC or
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chemotherapy they have undergone during the follow-up,
54 (11%) refused to participate or were not able to, 10 (2%)
were not traceable, and 3 (0.6%) did not fill out the follow-up
questionnaire on HRQoL, resulting in 292 (61%) BC survi-
vors participating at the 10-year follow-up (Fig. S1).

All patients gave written informed consent. The ISE study
was approved by the ethics committee of the University of
Heidelberg.

Control population

Control persons were taken from a large population-based
case—control study conducted between 2002 and 2005 to
identify potential risk factors for the development of BC
after menopause (MARIE study). Breast cancer patients
aged 50-74 years at diagnosis and age-matched unaffected
women (controls) were recruited from the two study regions,
Rhine-Neckar-Karlsruhe and Hamburg [33, 34]. Controls
were drawn from the population registries and were simi-
larly followed up like the BC cases after 10 years in 2016
[33]. We included only the controls from the Rhine-Neckar-
Karlsruhe study region in our analysis, as the ISE patient
cohort was recruited from a very similar region. Informa-
tion including socio-demographics, lifestyle behaviors and
comorbidities was collected at recruitment in a personal
interview. Controls were eligible for this analysis if EORTC
C30 HRQoL data were available at the 10-year follow-up,
amounting to 1680 individuals. Although controls were sim-
ilarly followed-up compared to the patient cohort, quality of
life data was not available at baseline.

The MARIE study was approved by the ethics com-
mittee of the University of Heidelberg, the Hamburg
Medical Council, and the Medical Board of the State of
Rhineland-Palatinate.

Health-related quality of life measurement

HRQoL was prospectively assessed using the EORTC QLQ-
C30 version 3.0 [35]. It is composed of 30 items: global health
status/quality of life (GHS/QoL), five functional domains
(physical, role, cognitive, emotional and social functioning),
three combined symptom domains (pain, fatigue and nausea/
vomiting) and six single symptom items (dyspnea, insom-
nia/sleep problems, appetite loss, constipation, diarrhea and
financial difficulties). In accordance with the EORTC QLQ-
C30 scoring manual, raw scores were calculated as arith-
metic means if at least half of the items for the scale were
answered, then linearly transformed into 0 to 100 scale [36].
Higher scores indicate a better functioning or a better GHS/
QoL, whereas higher scores on the symptom scale represent
a heavier burden of symptoms. Based on the original study
design with focus on radiation toxicity, the HRQoL data was
collected at baseline (pre-RT, after breast-conserving surgery),

during RT, end of RT, 6 weeks after RT and at the 10-year
follow-up.

Statistical analysis

Linear-mixed models (LMM) were used to evaluate dif-
ferences between selected time points while account-
ing for the correlation of multiple measurements within
a subject (i.e., random intercept for subject). For this part
of the analysis, all patients with HRQoL data at t10 were
included as part of the regression models. The time points
were included as a categorical variable to test mean HRQoL
score differences between the time points t1, t5 and t10.
All models were adjusted for age at baseline. In addition
to LMM, linear regression models were used to evaluate
the specific effect of baseline age on mean score differences
between 6 weeks after RT (t5) and 10 years after (t10) for
those HRQoL domains with significant differences at t10
vs. t5. Wilcoxon rank-sum test was used to assess differ-
ences between patients and controls stratified by age groups
(<65, 65—-<75,>75 years) at the 10-year follow-up. For the
last objective, multivariable linear regression models were
obtained to identify determinants for HRQoL domains at
the 10-year follow-up in BC survivors. Potentially relevant
factors including age (<65, 65—-<75,>75), BMI (>25
vs. <25 kg/m?), living with others, smoking status (never,
former, current smokers), endocrine therapy (tamoxifen, aro-
matase inhibitors), recurrence status (yes/no) and selected
comorbidities (depression, hypertension, stroke and diabe-
tes) and symptoms (pain/lymphedema and fibrosis) assessed
at follow-up were analyzed in these models.

All statistical analyses were performed using R Version
4.1.0 (R core team 2021, Vienna, Austria). A p value <0.05
(two-sided) was considered statistically significant.

Results

Out of 478 women with BC who were initially recruited
prior to post-operative RT, 292 patients participated in the
10-year follow-up (Fig. S1). Study characteristics (base-
line, follow-up) are shown in Table 1. Compared to all 478
patients, the 292 long-term survivors participating in the
10-year follow-up had initially reported less comorbidities,
higher education level, and a more favorable tumor stage
at baseline. The mean age of the participants was around
2 years less than that of the patients not participating in the
follow-up.

Longitudinal analysis on the change of HRQoL
from RT to 10-year follow-up

Figure 1 shows the changes of GHS/QoL and functional
performances (Fig. 1a) as well as the symptom domains
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o (Fig. 1b) from baseline (pre-RT, t1) through 6 weeks after
- RT (t5) until the 10-year follow-up (t10) among BC survi-
vors. When evaluating changes between selected time points
(Table 2), age-adjusted scores at baseline (t1), 6 weeks after
RT (t5) and the 10-year follow-up (t10) were compared. For
most functional domains, there was an overall decrease in
functional scores during the acute treatment period (t2 to
t4) after baseline (t1), with a recovery at 6 weeks after RT
(t5), which was followed by deteriorations (e.g., physical
functioning) or stable scores at 10 years post-diagnosis (t10)
for most functional domains except for role functioning. A
significant improvement was observed between t1 and t5
for GHS/QoL, emotional and social functioning. Role func-
tioning scores significantly improved by 7.4 points during
the 10-year follow-up compared to post-RT scores (77.0 vs.
69.6). On the other hand, for GHS/QoL, physical and cogni-
tive functioning, mean scores were significantly lower at t10
compared to t5, with mean score differences of 3.2, 9.1, and
3.6 points, respectively. When comparing baseline (t1) and
the 10-year follow-up (t10), a significant improvement was
observed for role, emotional and social functioning, whereas
physical and cognitive functioning mean scores were signifi-
cantly lower at t10 compared to tl.

Regarding the symptom domains, dyspnea scores
increased by 10.6 points from 11.7 at t1 to 22.3 at t10. Pain
scores were relatively stable between 29.5 at t1 and 28.7 at
t10, respectively. Fatigue had a peak during RT (41.0 at t2)
but returned to baseline level (32.4 at t10). Insomnia scores
increased and remained relatively stable after baseline with
mean scores of 44.2 at t10. Appetite loss, nausea/vomiting,
constipation and diarrhea scores remained relatively stable
at low levels of up to 15.0. Financial burden significantly
improved from t5 to t10, at low levels though.

The specific effect of age at baseline and its relationship
with previously observed significant differences between t10
and t5 was also evaluated. For GHS/QoL, physical and role
functioning, baseline age was associated with worsening in
functional scores between t5 and t10, with statistically sig-
nificant differences in mean scores between time points after
the age adjustment. For diarrhea and financial difficulty,
baseline age was associated with an increase in mean scores
between t5 and t10. Similar to the functional domains, mean
differences were also still significant between time points
after adjustment for baseline age. For cognitive functioning
and dyspnea, age was not significantly associated with mean
differences between t5 and t10.

Patients with recurrences/metastasis had generally lower
GHS /QoL, lower functional and higher symptoms scores
than patients without disease progression (Fig. S2).

Sleep problems, fatigue, pain and dyspnea were the most
prevalent symptoms in BC survivors at the 10-year follow-
up (Fig. 2). About a third to almost half of patients reported
moderate to severe fatigue and sleep problems, respectively.

(%)

1680

(Southwest Germany)*

Control Population
10-year follow-up

N
100
31

(%)
8.6
3.1

292

10-year past diagnosis

% N
27 25
NA 9

292

Patients who attended 10-year follow-up

At Baseline

N

(%)
12.4

NA

Drop-Outs
=186

N
23

(%)

6.5

=478

Patient Cohort

(Southwest Germany)

Patients who attended baseline
At Baseline

N
31

NA
Only controls recruited from the Rhine-Neckar-Karisruhe region [33, 34] were include for better comparability

Table 1 (continued)
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«Fig. 1 Mean EORTC QLQ-C30 scores of a Global Health Status/
Quality of Life (GHS/QoL), functional and b symptom domains of
the patient cohort (N=292) at baseline (t1), during radiotherapy (t2,
t3), end of radiotherapy (t4), 6 weeks after radiotherapy (t5) and the
10-year follow-up (t10). Higher scores indicated better GHS/QoL and
functional performances (1a), but a higher level of symptom severity
(1b). The normalized EORTC QLQ-C30 scale ranges from 0 to 100

Comparison of HRQoL with the control population
at the 10-year follow-up

The characteristics of the patient cohort as well as the con-
trol population at the 10-year follow-up were summarized in
Table 1. No significant differences in GHS/QoL in BC survi-
vors and the control population were observed at the 10-year
follow-up for the different age groups. However, deficits in
physical and emotional functioning and in certain symptoms
such as dyspnea, fatigue, sleep problems and constipation
were more prevalent in BC survivors than controls (Fig. 3;
Table S1). Detriments in functional performance and symp-
tom burden occurred predominantly in younger survivors.
Compared to controls of comparable age, survivors under
65 years of age reported significantly worse physical (81.6
vs. 87.1), role (78.3 vs 86.2) and emotional functioning
(63.1 vs. 74.5), as well as higher burden of dyspnea (25.6
vs. 18.0), fatigue (35.5 vs. 25.0) and sleep problems (50.7
vs. 32.0). The prevalence of psychosocial dysfunction and
symptoms among younger survivors showed that younger
patients were at greater risk of lower HRQoL years after
RT. Patients aged > 75 years reported similar functional
performance and symptom burden compared to the control
population except for a deficit in emotional functioning (dif-
ference of 5.5 points). Middle aged patients reported worse
physical (2.5 points) and emotional functioning (5.6 points),
and more severe fatigue and sleep problems compared to
controls (difference of 2.6 and 3.6 points, respectively).
Besides, gastrointestinal problems mainly affected the mid-
dle-age group.

Determinants of HRQol in long-term BC survivors
(cross-sectional analysis)

Results from multivariable linear regression (Table S2)
showed that a poorer GHS/QoL and physical functioning
was associated with being overweight. Living with others
was associated with better GHS/QoL and physical func-
tioning, lower levels of dyspnea and pain at the long-term
follow-up, while patients above 65 years had decreased lev-
els of dyspnea. Depression was found to be associated with
lower GHS/QoL, worse functioning, and a higher level of
pain, fatigue, insomnia, gastrointestinal problems, and finan-
cial difficulty. Besides, hypertension was associated with
more severe dyspnea and fatigue as well as worse physi-
cal and role functioning. Other side effects such as pain/

lymphedema and fibrosis were associated with worse physi-
cal and social functioning, respectively.

Discussion

In this distinct cohort of breast cancer patients treated with
radiotherapy after breast-conserving surgery, we found
that GHS/QoL declined during RT, but returned to base-
line levels after completion of RT. In long-term survivors
more than 10 years post-RT, GHS/QoL was not found to
be significantly different to that of controls of comparable
age. However, HRQoL impairment was found for certain
specific HRQoL domains, in particular survivors younger
than 65 years reported poorer psychosocial functioning and
substantially more fatigue and sleep problems than controls
of comparable age.

Longitudinal analysis of HRQoL in BC survivors

Few studies have examined the change in HRQoL scores
in BC survivors [4, 10-14, 16, 17, 19] as in this study with
repeated measurements not only during and 6 weeks after
post-operative RT but also with measurements up to 10 years
after treatment. Previous studies analyzing HRQoL of BC
patients during and after RT [37, 38] did not find signifi-
cantly worsened GHS/QoL in BC patients although fatigue
and most symptoms increased during RT, which might be
related to side effects of treatment. On the whole, GHS/
QoL scores at 5-10 years of follow-up have been reported
to be comparable to baseline level [4, 12, 16, 17, 19, 39].
Therefore, our findings based on longitudinal data even
after > 10-year follow-up are in line with previously reported
results.

At 10-year follow-up, the BC survivors in our study had
better role, emotional and social functional performances
compared to baseline, but a worse physical and cognitive
functioning. When compared to 6 weeks after RT, they
showed only improvement in role functioning and restric-
tions in physical and cognitive functioning. Although
increasing age was found to be significantly correlated
with worsening of both functional and symptom domains
between t5 and t10, mean differences were still significant
after age adjustment, suggesting that, although aging plays
an important role in long-term HRQoL differences, it is not
sufficient to explain improvement or worsening of HRQoL
scores over time. Previous studies also found that BC survi-
vors often gradually recovered from most functional restric-
tions in the long term [4, 12, 19, 40]. Nonetheless, on the
symptom domains, our results confirmed that fatigue and
sleep problems may persist for years after treatment [41-44].
The level of pain after RT did not show significant differ-
ences compared to 10 years and remained stable during the
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Table 2 Mean age-adjusted HRQoL scores and differences over time at baseline (t1), 6 weeks after radiotherapy (t5) and 10 years after diagnosis
(t10) in 292 breast cancer patients and age effect on mean score differences between t10 and t5 for selected domains; «=0.05

Means of EORTC QLQ- Pair-wise p values®

Age effect on mean differences

C30 score betweent10 / t5
tl t5 t10 tl vs. t5 tl vs. t10 t5 vs. t10 p ageb p value age® p value
Intercept!

Global HRQoL

GHS/QoL 64.9 69.9 66.7 0.0001*** 0.14 0.013* -0.48 0.02 0.03
Functioning domains

Physical functioning 85.6 86.7 77.6 0.23 <0.00017%#%** <0.00017%#%** -0.47 0.003 0.05

Role functioning 67.6 69.6 77.0 0.28 <0.00017%#%*%* 0.0001** —-0.65 0.02 0.001

Cognitive functioning 86.6 84.9 81.3 0.18 <0.0001*** 0.0037** —0.26 0.19 0.02

Emotional functioning ~ 64.2 71.3 68.6 <0.0001%** 0.001%** 0.053 - - -

Social functioning 78.4 83.8 84.6 0.0008*** <0.0001%*** 0.6 - - -
Symptom domains

Dyspnea 11.7 15.5 223 0.017* <0.00017%*%** <0.00017%*%** 0.34 0.21 0.0005

Pain 29.5 255 28.7 0.01* 0.62 0.05 - - -

Fatigue 29.4 29.6 324 0.9 0.026* 0.05 - - -

Insomnia 39.3 41.6 44.2 0.26 0.01* - - -

Appetite loss 8.4 6.0 5.7 0.07 0.03* 0.83 - - -

Nausea vomiting 2.9 3.0 35 0.95 0.5 0.94 - - -

Constipation 10.4 12.7 15.0 0.12 0.001%** 0.12 - - -

Diarrhea 4.8 32 6.3 0.13 0.12 0.003%** 0.4 0.008 0.01

Financial difficulty 12.0 13.8 8.1 0.14 0.0017%%* <0.00017%%** 0.51 0.02 0.0006

GHS/QoL Global Health Status/Quality of Life

#Mean age-adjusted score differences between selected time-points from linear mixed models

PResults from linear regression models on the effect of baseline age on mean differences between t10 and t5

p-values for the age effect

dp-values for the intercept with mean age constant (significance of mean differences)

“p<0.05, *#p <0.01, **¥p <0.001

treatment period, whereas a significant improvement in pain
over time was reported by another study [45]. Dyspnea as a
potential effect of RT was reported more often by younger
BC survivors at the 10-year follow-up in our study and was
also the HRQoL symptom domain with the largest dete-
rioration from baseline to the 10-year follow-up. Several
comorbidities such as hypertension rather than aging itself
were associated with higher levels of dyspnea in our deter-
minants analysis. A previous study on long-term HRQoL
(10 years) also found that young BC survivors experience
the greatest deterioration in multiple HRQoL domains dur-
ing follow-up compared to other age groups, and among
symptom domains, the greatest differences with a reference
population were found for dyspnea and fatigue [17]. Simi-
lar findings have also been previously reported for dyspnea
when comparing BC survivors and the German reference
population [33], although other studies have reported similar
late dyspnea levels between BC survivors and a reference
group [44, 46]. Most of the significant differences observed
when comparing functional and symptoms mean scores over

@ Springer

time were associated with “little change” according to the
minimal clinically important difference definition proposed
by Osoba et al. [47] (i.e., differences of about 5 to 10 points).

Cross-sectional comparison of HRQoL with controls
at the 10-year follow-up

To account for the impact of aging, we compared the
HRQoL of the long-term BC survivors more than 10 years
after diagnosis to a control population that was of compa-
rable age but without a breast cancer diagnosis at baseline
and were also followed up for about 10 years. The GHS/
QoL in the long-term BC survivors was comparable to that
of the controls, which is in line with several previous stud-
ies [4, 12, 13, 19]. Yet both our findings and that of others
found significant restrictions in certain domains, most com-
monly for fatigue [18, 20, 44], sleep problems [16, 20], and
emotional functioning [18, 19, 44], providing clear evidence
that HRQoL may be persistently impaired in cancer patients
in the long run. In particular, long-term survivors younger
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Fig.2 Frequency of patients reporting EORTC QLQ-C30 symptoms
at the 10-year follow-up. Original response options are presented
varying from “not at all” to “very much”. The fatigue (LQ10 need

than 65 years at 10-year follow-up reported poorer psycho-
social related HRQoL performances in our study, includ-
ing significantly higher levels of fatigue and sleep problems
than controls of comparable age. For emotional functioning,
fatigue and sleep problems in survivors under 65 compared
to controls, the observed differences can be characterized
as “moderate clinically meaningful differences” (i.e., 10-20
points) according to Osaba et al. [47] and Cocks et al. [48].

Physical functioning has been reported by patients
below 80 years to be significantly poorer than their age-
matched reference groups, but they were comparable to
that of healthy controls in the oldest age group above
80 years [16]. We observed a similar pattern in physical
functioning, which could be explained by natural deterio-
ration with aging. Deficits in role functioning were appar-
ent in the youngest age group, suggesting that younger
BC survivors might have more problems to cope with this
difficult life situation and may continue to suffer more even
10 years after diagnosis. Yet detriments in emotional func-
tioning persisted at the 10-year follow-up among our BC
survivors compared to controls for all age groups. In BC
survivors of the MARIE study, however, the youngest age
group suffered greater detriments in emotional function-
ing compared to controls [19]. Our results suggest that
emotional well-being might be a problem for BC survivors
across a wide age range. In contrast to previous findings
showing differences in financial difficulties [12, 21, 44],
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. Not at all

B
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300

to rest, LQ12 weakness, LQ18 tiredness) and pain (LQ9 pain, LQ19
pain interfering with daily life) dimensions consist of more than one
question

pain [20], and cognitive functioning [18, 19, 44], there was
no significant difference between patients and controls in
these domains in any of the age groups in our study. Yet
dyspnea was found to be significantly more severe among
the youngest patient age group compared to controls.

We confirmed a number of determinants for an impaired
long-term quality of life of breast cancer survivors such as
younger age [16], obesity [25], or certain comorbidities
like depression [26]. In addition to RT and cancer surgery,
other parameters like endocrine therapy or BC treatment-
related symptoms such as lymphedema or pain were sig-
nificantly associated with higher burden of certain quality
of life domains. In addition, other factors like anxiety, lim-
ited mobility of shoulder joint, or factors unrelated to the
BC diagnosis may also play a role for impaired long-term
HRQoL.

The differences in findings among studies might be
explained by different age structures of the study populations
and different inclusion criteria. Our patient cohort tended
to have a younger age structure and a wider age range com-
pared to other studies, and younger survivors have consid-
ered cancer as a bigger threat and have been more affected
in social aspects [23]. Furthermore, all BC patients included
in this study only received adjuvant RT, while other studies
included patients who had also received chemotherapy; thus,
the therapy-related symptom burden could be different.

@ Springer
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Strengths and limitations

We assessed HRQoL in a unique cohort of breast can-
cer patients who received only radiotherapy after breast-
conserving surgery but not chemotherapy. The study was
focused on side effects after radiotherapy and attempted to
minimize “contamination” due to chemotherapy. Although
RT techniques have improved in the last two decades (e.g.,
intensity-modulated/image-guided RT), resulting in fewer
treatment-related adverse effects due to less damage to sur-
rounding tissues, long-term QoL data in the post-treatment
period are scarce. One study from the Netherlands also lim-
ited their study population to breast cancer patients treated
with RT and without chemotherapy, yet the follow-up
period was only 3 years [45]. Second, our study is one of
the few studies with prospective multidimensional HRQoL

@ Springer

the 10-year follow-up by age stratification; p values were obtained
from non-parametric Wilcoxon rank-sum test and significant differ-
ences were indicated by asterisks (*p <0.05, **p<0.01,***p<0.001)

assessments that comprise a baseline (pre-RT) and multiple
follow-up evaluations during and post-RT treatment over a
period of more than 10 years. Third, we compared the long-
term HRQoL of the breast cancer survivors to a group of
unaffected women with comparable length of follow-up to
account for an aging effect. As comparison group, we used
a large control population from the same geographic region
[33, 34] rather than German general population norm data
[49] that has been used in other studies [4, 11, 17, 20, 33,
43, 45, 50] in order to account for regional differences and
increase statistical power. Finally, unlike other studies, e.g.,
[19, 44], there was no age restriction in our study to cap-
ture a wider spectrum of patients and further enhance the
representativeness.

The analysis has some limitations: Because of the eligi-
bility criteria of the parent study design, the results might
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not be generalizable to patients who have received chemo-
therapy as part of their cancer treatment, acknowledging
that chemotherapy is an important risk factor for impaired
HRQoL. However, findings were similar between our study
and studies including chemotherapy patients. The response
pattern of our study might have caused an underestimation
of the true difference between survivors and controls as
those who had passed away or did not participate due to
other reasons tended to have worse health conditions (severe
symptoms or worse functional performances) which might
lead to a lower HRQoL (survivorship bias). With this loss
of patients, the sample size was greatly reduced, entailing a
loss of statistical power when analyzing subgroups. Overes-
timation of the observed HRQoL could also have occurred
since patients with poor health might be less likely to par-
ticipate in the study at baseline and also at the follow-ups.
Due to the nature of the collected data (both the BC patient
cohort and the control population), the data on the baseline
HRQoL measures for controls and the HRQoL data for BC
patients prior to the conserving surgery or diagnosis are not
available. There were 68 controls who had a previous (non-
breast) tumor at recruitment and 31 who developed cancer
during follow-up. We did not exclude these individuals from
the analysis to better represent the general population. With
this approach, we could have underestimated the differences
between patients and controls. Due to the age restriction
at recruitment in the MARIE study (50-74 years), the age
distribution of patient cohort and control population was
not balanced, and the controls were primarily postmenopau-
sal, while there was no age restriction at recruitment in ISE
study, which could reduce the generalizability in the low-
est age group. Besides, for the cross-sectional determinants
analysis, additional factors, in particular other comorbidities
than depression, hypertension, diabetes, and stroke which
we accounted for, may have a relevant impact on HRQoL.

Conclusion

In summary, GHS/QoL declined during RT, but returned
to baseline levels after completion of RT and was not sig-
nificantly different to a control population after 10 years.
However, deficits were reported in specific functional and
symptom domains such as fatigue, sleep problems, or emo-
tional burden, in particular of younger survivors. The study
results demonstrate that symptom burden as well as detri-
ments in functional domains in long-term BC survivors may
persist for more than 10 years after cancer diagnosis, empha-
sizing the importance of long-term follow-up care beyond
the usual 5-year routine post-treatment care with primary
focus on tumor recurrence. As cancer survivors often suffer
from multiple symptoms/chronic diseases [51] and fatigue
was shown to be associated with worse survival in cancer

patients [2], survivorship care should aim to identify BC
survivors at risk of sleep problems, fatigue, psychosocial,
and other health needs, taking into account age, treatment-
related aspects, and personal risk factors. Targeted psycho-
social interventions and supportive actions (e.g., counseling)
should be offered in early phases where needed, particularly
to younger patients, to improve HRQoL and symptom bur-
den and prevent manifestation in the future.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s11136-023-03408-y.

Acknowledgements We are grateful to all ISE and MARIE study
participants, the involved hospitals, and thank Irmgard Helmbold and
Ursula Eilber for data collection and data management.

Author contributions JC-C and PS conceived the study; YG performed
the data analysis and interpretation in collaboration with JCR and HF;
SB contributed to data collection and quality control, as well as advised
on statistical procedures; YG drafted the first version of the manuscript;
all authors critically revised the manuscript for important intellectual
content. All authors have read and agreed to the published version of
the manuscript.

Funding Open Access funding enabled and organized by Projekt
DEAL. The ISE study was supported by the Federal Office for Radia-
tion Protection (BfS, St. Sch. 4116 and 4233), the Dietmar Hopp Foun-
dation (#23017006) and the Department of Defense, USA (USAM-
RMC BCRP DAMD17-02-10500); the MARIE study was funded by
the Deutsche Krebshilfe (#108253 and #108419) and the Hamburger
Stiftung zur Forderung der Krebsbekdmpfung.

Data availability The datasets generated and/or analyzed during the
current study are not publicly available but are available from the cor-
responding author on reasonable request (acceptance of a project pro-
posal and signature of a data transfer agreement).

Declarations

Conflict of interest The authors declare that they have no conflict of
interest related to the manuscript. YG now works at Boehringer Ingel-
heim China.

Ethical approval Yes, available.
Consent to participate Yes, available.

Consent to publish Yes, available.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

@ Springer


https://doi.org/10.1007/s11136-023-03408-y
http://creativecommons.org/licenses/by/4.0/

2650

Quality of Life Research (2023) 32:2639-2652

References

10.

11.

12.

13.

Robert Koch Institute, Association of Population-based Cancer
Registries in Germany (GEKID). (2020). Cancer in Germany
2015/2016. Berlin

Adam, S., van de Poll-Franse, L., Mols, F., Ezendam, N., de
Hingh, 1., Arndt, V., & Thong, M. (2019). The association of
cancer-related fatigue with all-cause mortality of colorectal
and endometrial cancer survivors: Results from the population-
based PROFILES registry. Cancer Medicine, 8(6), 3227-3236.
https://doi.org/10.1002/cam4.2166

Runowicz, C. D., Leach, C. R., Henry, N. L., Henry, K. S.,
Mackey, H. T., Cowens-Alvarado, R. L., Cannady, R. S., Pratt-
Chapman, M. L., Edge, S. B., Jacobs, L. A., Hurria, A., Marks,
L. B., LaMonte, S. J., Warner, E., Lyman, G. H., & Ganz, P.
A. (2016). American cancer society/american society of clini-
cal oncology breast cancer survivorship care guideline. CA: a
cancer journal for clinicians, 66(1), 43-73. https://doi.org/10.
3322/caac.21319

Schmidt, M. E., Wiskemann, J., & Steindorf, K. (2018). Qual-
ity of life, problems, and needs of disease-free breast cancer
survivors 5 years after diagnosis. Quality of life research: An
international journal of quality of life aspects of treatment, care
and rehabilitation, 27(8), 2077-2086. https://doi.org/10.1007/
s11136-018-1866-8

Stein, K. D., Syrjala, K. L., & Andrykowski, M. A. (2008).
Physical and psychological long-term and late effects of can-
cer. Cancer, 112(11 Suppl), 2577-2592. https://doi.org/10.1002/
cncr.23448

Selamat, M. H., Loh, S. Y., Mackenzie, L., & Vardy, J. (2014).
Chemobrain experienced by breast cancer survivors: a meta-eth-
nography study investigating research and care implications. PLoS
ONE, 9(9), e108002. https://doi.org/10.1371/journal.pone.01080
02

Bijker, R., Duijts, S., Smith, S. N., de Wildt-Liesveld, R., Anema,
J. R., & Regeer, B. J. (2018). Functional impairments and work-
related outcomes in breast cancer survivors: A systematic review.
Journal of occupational rehabilitation, 28(3), 429-451. https://
doi.org/10.1007/s10926-017-9736-8

Von Ah, D., Storey, S., & Crouch, A. (2018). Relationship
between self-reported cognitive function and work-related out-
comes in breast cancer survivors. Journal of cancer survivorship:
Research and practice, 12(2), 246-255. https://doi.org/10.1007/
s11764-017-0664-6

Howard-Anderson, J., Ganz, P. A., Bower, J. E., & Stanton, A. L.
(2012). Quality of life, fertility concerns, and behavioral health
outcomes in younger breast cancer survivors: A systematic review.
Journal of the National Cancer Institute, 104(5), 386—405. https://
doi.org/10.1093/jnci/djr541

Wenzel, L. B., Fairclough, D. L., Brady, M. J., Cella, D., Garrett,
K. M., Kluhsman, B. C., Crane, L. A., & Marcus, A. C. (1999).
Age-related differences in the quality of life of breast carcinoma
patients after treatment. Cancer, 86(9), 1768-1774.

Hsu, T., Ennis, M., Hood, N., Graham, M., & Goodwin, P. J.
(2013). Quality of life in long-term breast cancer survivors. Jour-
nal of clinical oncology: Olfficial journal of the American Society
of Clinical Oncology, 31(28), 3540-3548. https://doi.org/10.1200/
JCO0.2012.48.1903

Khan, N. F., Mant, D., Carpenter, L., Forman, D., & Rose, P. W.
(2011). Long-term health outcomes in a British cohort of breast,
colorectal and prostate cancer survivors: a database study. British
Journal of cancer, 105 Suppl 1(Suppl 1), S29-S37. https://doi.org/
10.1038/bjc.2011.420

Doege, D., Thong, M., Weiller, L., Koch-Gallenkamp, L.,
Jansen, L., Bertram, H., Eberle, A., Holleczek, B., Nennecke,

@ Springer

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

A., Pritzkuleit, R., Waldmann, A., Zeissig, S. R., Brenner, H., &
Arndt, V. (2021). Health-related quality of life in very long-term
cancer survivors 14-24 years post-diagnosis compared to popula-
tion controls: A population-based study. Cancers, 13(11), 2754.
https://doi.org/10.3390/cancers13112754

. Arndt, V., Stegmaier, C., Ziegler, H., & Brenner, H. (2008).

Quality of life over 5 years in women with breast cancer after
breast-conserving therapy versus mastectomy: A population-based
study. Journal of cancer research and clinical oncology, 134(12),
1311-1318. https://doi.org/10.1007/s00432-008-0418-y

Wu, H. S., & Harden, J. K. (2015). Symptom burden and quality
of life in survivorship: A review of the literature. Cancer nurs-
ing, 38(1), E29-E54. https://doi.org/10.1097/NCC.0000000000
000135

Arndt, V., Koch-Gallenkamp, L., Jansen, L., Bertram, H., Eberle,
A., Holleczek, B., Schmid-Hopfner, S., Waldmann, A., Zeissig,
S. R., & Brenner, H. (2017). Quality of life in long-term and very
long-term cancer survivors versus population controls in Ger-
many. Acta oncologica (Stockholm, Sweden), 56(2), 190-197.
https://doi.org/10.1080/0284186X.2016.1266089

Koch, L., Jansen, L., Herrmann, A., Stegmaier, C., Holleczek,
B., Singer, S., Brenner, H., & Arndt, V. (2013). Quality of life in
long-term breast cancer survivors - a 10-year longitudinal popu-
lation-based study. Acta oncologica (Stockholm, Sweden), 52(6),
1119-1128. https://doi.org/10.3109/0284186X.2013.774461
Champion, V. L., Wagner, L. I., Monahan, P. O., Daggy, J., Smith,
L., Cohee, A., Ziner, K. W., Haase, J. E., Miller, K. D., Pradhan,
K., Unverzagt, F. W., Cella, D., Ansari, B., & Sledge, G. W., Jr.
(2014). Comparison of younger and older breast cancer survivors
and age-matched controls on specific and overall quality of life
domains. Cancer, 120(15), 2237-2246. https://doi.org/10.1002/
cner.28737

Maurer, T., Thone, K., Obi, N., Jung, A. Y., Behrens, S., Becher,
H., & Chang-Claude, J. (2021). Health-related quality of life in
a cohort of breast cancer survivors over more than 10 years post-
diagnosis and in comparison to a control cohort. Cancers, 13(8),
1854. https://doi.org/10.3390/cancers13081854

Gotze, H., Taubenheim, S., Dietz, A., Lordick, F., & Mehnert,
A. (2018). Comorbid conditions and health-related quality of life
in long-term cancer survivors-associations with demographic
and medical characteristics. Journal of cancer survivorship:
Research and practice, 12(5), 712-720. https://doi.org/10.1007/
s11764-018-0708-6

Morrow, P. K., Broxson, A. C., Munsell, M. F., Basen-Enquist,
K., Rosenblum, C. K., Schover, L. R., Nguyen, L. H., Hsu, L.,
Castillo, L., Hahn, K. M., Litton, J. K., Kwiatkowski, D. N., &
Hortobagyi, G. N. (2014). Effect of age and race on quality of life
in young breast cancer survivors. Clinical breast cancer, 14(2),
e21-e31. https://doi.org/10.1016/j.clbc.2013.10.003

Byar, K. L., Berger, A. M., Bakken, S. L., & Cetak, M. A. (2006).
Impact of adjuvant breast cancer chemotherapy on fatigue, other
symptoms, and quality of life. Oncology nursing forum, 33(1),
E18-E26. https://doi.org/10.1188/06.ONF.E18-E26

Broeckel, J. A., Jacobsen, P. B., Balducci, L., Horton, J., &
Lyman, G. H. (2000). Quality of life after adjuvant chemotherapy
for breast cancer. Breast cancer research and treatment, 62(2),
141-150. https://doi.org/10.1023/a:1006401914682

Schmidt, M. E., Chang-Claude, J., Seibold, P., Vrieling, A., Heinz,
J., Flesch-Janys, D., & Steindorf, K. (2015). Determinants of long-
term fatigue in breast cancer survivors: Results of a prospective
patient cohort study. Psycho-oncology, 24(1), 40—-46. https://doi.
org/10.1002/pon.3581

Connor, A. E., Baumgartner, R. N., Pinkston, C. M., Boone, S.
D., & Baumgartner, K. B. (2016). Obesity, ethnicity, and quality
of life among breast cancer survivors and women without breast
cancer: The long-term quality of life follow-up study. Cancer


https://doi.org/10.1002/cam4.2166
https://doi.org/10.3322/caac.21319
https://doi.org/10.3322/caac.21319
https://doi.org/10.1007/s11136-018-1866-8
https://doi.org/10.1007/s11136-018-1866-8
https://doi.org/10.1002/cncr.23448
https://doi.org/10.1002/cncr.23448
https://doi.org/10.1371/journal.pone.0108002
https://doi.org/10.1371/journal.pone.0108002
https://doi.org/10.1007/s10926-017-9736-8
https://doi.org/10.1007/s10926-017-9736-8
https://doi.org/10.1007/s11764-017-0664-6
https://doi.org/10.1007/s11764-017-0664-6
https://doi.org/10.1093/jnci/djr541
https://doi.org/10.1093/jnci/djr541
https://doi.org/10.1200/JCO.2012.48.1903
https://doi.org/10.1200/JCO.2012.48.1903
https://doi.org/10.1038/bjc.2011.420
https://doi.org/10.1038/bjc.2011.420
https://doi.org/10.3390/cancers13112754
https://doi.org/10.1007/s00432-008-0418-y
https://doi.org/10.1097/NCC.0000000000000135
https://doi.org/10.1097/NCC.0000000000000135
https://doi.org/10.1080/0284186X.2016.1266089
https://doi.org/10.3109/0284186X.2013.774461
https://doi.org/10.1002/cncr.28737
https://doi.org/10.1002/cncr.28737
https://doi.org/10.3390/cancers13081854
https://doi.org/10.1007/s11764-018-0708-6
https://doi.org/10.1007/s11764-018-0708-6
https://doi.org/10.1016/j.clbc.2013.10.003
https://doi.org/10.1188/06.ONF.E18-E26
https://doi.org/10.1023/a:1006401914682
https://doi.org/10.1002/pon.3581
https://doi.org/10.1002/pon.3581

Quality of Life Research (2023) 32:2639-2652

2651

26.

217.

28.

29.

30.

31.

32.

33.

34,

35.

causes & control: CCC, 27(1), 115-124. https://doi.org/10.1007/
$10552-015-0688-z

Gotze, H., Friedrich, M., Taubenheim, S., Dietz, A., Lordick, F.,
& Mehnert, A. (2020). Depression and anxiety in long-term sur-
vivors 5 and 10 years after cancer diagnosis. Supportive care in
cancer: Official journal of the Multinational Association of Sup-
portive Care in Cancer, 28(1), 211-220. https://doi.org/10.1007/
$00520-019-04805-1

Mao, J. J., Bowman, M. A., Stricker, C. T., DeMichele, A.,
Jacobs, L., Chan, D., & Armstrong, K. (2009). Delivery of sur-
vivorship care by primary care physicians: The perspective of
breast cancer patients. Journal of clinical oncology: Official
Jjournal of the American Society of Clinical Oncology, 27(6),
933-938. https://doi.org/10.1200/JC0O.2008.18.0679

Nyarko, E., Metz, J. M., Nguyen, G. T., Hampshire, M. K.,
Jacobs, L. A., & Mao, J. J. (2015). Cancer survivors’ perspec-
tives on delivery of survivorship care by primary care physi-
cians: An internet-based survey. BMC family practice, 16, 143.
https://doi.org/10.1186/s12875-015-0367-x

Aubin, M., Giguere, A., Martin, M., Verreault, R., Fitch, M.
1., Kazanjian, A., & Carmichael, P. H. (2012). Interventions
to improve continuity of care in the follow-up of patients with
cancer. The Cochrane database of systematic reviews. https://
doi.org/10.1002/14651858.CD007672.pub2

Veldwijk, M. R., Seibold, P., Botma, A., Helmbold, I., Sperk, E.,
Giordano, F. A., Giirth, N., Kirchner, A., Behrens, S., Wenz, F.,
Chang-Claude, J., & Herskind, C. (2019). Association of CD4+
radiation-induced lymphocyte apoptosis with fibrosis and telan-
giectasia after radiotherapy in 272 breast cancer patients with
>10-year follow-up. Clinical cancer research : An official jour-
nal of the American Association for Cancer Research, 25(2),
562-572. https://doi.org/10.1158/1078-0432.CCR-18-0777
Lilla, C., Ambrosone, C. B., Kropp, S., Helmbold, I., Schmezer,
P., von Fournier, D., Haase, W., Sautter-Bihl, M. L., Wenz, F.,
& Chang-Claude, J. (2007). Predictive factors for late normal
tissue complications following radiotherapy for breast cancer.
Breast cancer research and treatment, 106(1), 143-150. https://
doi.org/10.1007/s10549-006-9480-9

Twardella, D., Popanda, O., Helmbold, I., Ebbeler, R., Benner,
A., von Fournier, D., Haase, W., Sautter-Bihl, M. L., Wenz, F.,
Schmezer, P., & Chang-Claude, J. (2003). Personal characteris-
tics, therapy modalities and individual DNA repair capacity as
predictive factors of acute skin toxicity in an unselected cohort
of breast cancer patients receiving radiotherapy. Radiotherapy
and oncology: Journal of the European Society for Therapeutic
Radiology and Oncology, 69(2), 145-153. https://doi.org/10.
1016/s0167-8140(03)00166-x

Schmidt, M. E., Chang-Claude, J., Vrieling, A., Heinz, J.,
Flesch-Janys, D., & Steindorf, K. (2012). Fatigue and quality of
life in breast cancer survivors: Temporal courses and long-term
pattern. Journal of cancer survivorship: Research and practice,
6(1), 11-19. https://doi.org/10.1007/s11764-011-0197-3
Flesch-Janys, D., Slanger, T., Mutschelknauss, E., Kropp, S.,
Obi, N., Vettorazzi, E., Braendle, W., Bastert, G., Hentschel,
S., Berger, J., & Chang-Claude, J. (2008). Risk of different his-
tological types of postmenopausal breast cancer by type and
regimen of menopausal hormone therapy. International journal
of cancer, 123(4), 933-941. https://doi.org/10.1002/ijc.23655
Aaronson, N. K., Ahmedzai, S., Bergman, B., Bullinger, M.,
Cull, A., Duez, N. J., Filiberti, A., Flechtner, H., Fleishman,
S. B., & de Haes, J. C. (1993). The European organization for
research and treatment of cancer QLQ-C30: A quality-of-life
instrument for use in international clinical trials in oncology.
Journal of the National Cancer Institute, 85(5), 365-376.
https://doi.org/10.1093/jnci/85.5.365

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Fayers, P.M., Aaronson, N.K., Bjordal, K., Groenvold, M.,
Curran, D., Bottomley, A., on behalf of the EORTC Quality
of Life Group. (2021). The EORTC QLQ-C30 Scoring Manual
(3rd ed.). European Organisation for Research and Treatment
of Cancer.

Lee, T. S., Kilbreath, S. L., Refshauge, K. M., Pendlebury, S.
C., Beith, J. M., & Lee, M. J. (2008). Quality of life of women
treated with radiotherapy for breast cancer. Supportive care in
cancer: Official journal of the Multinational Association of Sup-
portive Care in Cancer, 16(4), 399-405. https://doi.org/10.1007/
500520-007-0328-6

Xiao, C., Miller, A. H., Felger, J., Mister, D., Liu, T., & Torres,
M. A. (2016). A prospective study of quality of life in breast can-
cer patients undergoing radiation therapy. Advances in radiation
oncology, 1(1), 10-16. https://doi.org/10.1016/j.adro.2016.01.003
Hartl, K., Schennach, R., Miiller, M., Engel, J., Reinecker, H.,
Sommer, H., & Friese, K. (2010). Quality of life, anxiety, and
oncological factors: A follow-up study of breast cancer patients.
Psychosomatics, 51(2), 112—123. https://doi.org/10.1176/appi.psy.
51.2.112

Ganz, P. A., Desmond, K. A., Leedham, B., Rowland, J. H., Mey-
erowitz, B. E., & Belin, T. R. (2002). Quality of life in long-term,
disease-free survivors of breast cancer: A follow-up study. Journal
of the National Cancer Institute, 94(1), 39-49. https://doi.org/10.
1093/jnci/94.1.39

Goldstein, D., Bennett, B. K., Webber, K., Boyle, F., de Souza, P.
L., Wilcken, N. R., Scott, E. M., Toppler, R., Murie, P., O’Malley,
L., McCourt, J., Friedlander, M., Hickie, I. B., & Lloyd, A. R.
(2012). Cancer-related fatigue in women with breast cancer: Out-
comes of a 5-year prospective cohort study. Journal of clinical
oncology: Official journal of the American Society of Clinical
Oncology, 30(15), 1805-1812. https://doi.org/10.1200/JCO.2011.
34.6148

Minton, O., & Stone, P. (2008). How common is fatigue in dis-
ease-free breast cancer survivors? A systematic review of the
literature. Breast cancer research and treatment, 112(1), 5-13.
https://doi.org/10.1007/s10549-007-9831-1

Schmidt, M. E., Hermann, S., Arndt, V., & Steindorf, K. (2020).
Prevalence and severity of long-term physical, emotional, and
cognitive fatigue across 15 different cancer entities. Cancer medi-
cine, 9(21), 8053-8061. https://doi.org/10.1002/cam4.3413
Doege, D., Thong, M. S., Koch-Gallenkamp, L., Bertram, H.,
Eberle, A., Holleczek, B., Pritzkuleit, R., Waldeyer-Sauerland, M.,
Waldmann, A., Zeissig, S. R., Jansen, L., Brenner, H., & Arndt,
V. (2019). Health-related quality of life in long-term disease-free
breast cancer survivors versus female population controls in Ger-
many. Breast cancer research and treatment, 175(2), 499-510.
https://doi.org/10.1007/s10549-019-05188-x

Bantema-Joppe, E. J., de Bock, G. H., Woltman-van Iersel, M.,
Busz, D. M., Ranchor, A. V., Langendijk, J. A., Maduro, J. H., &
van den Heuvel, E. R. (2015). The impact of age on changes in
quality of life among breast cancer survivors treated with breast-
conserving surgery and radiotherapy. British journal of cancer,
112(4), 636-643. https://doi.org/10.1038/bjc.2014.632
Haussmann, J., Nestle-Kraemling, C., Bolke, E., Wollandt, S.,
Speer, V., Djiepmo Njanang, F. J., Tamaskovics, B., Gerber, P.
A., Orth, K., Ruckhaeberle, E., Fehm, T., Corradini, S., Lam-
mering, G., Mohrmann, S., Audretsch, W., Maas, K., Roth, S.,
Kammers, K., Budach, W., & Matuschek, C. (2020). Long-term
quality of life after preoperative radiochemotherapy in patients
with localized and locally advanced breast cancer. Strahlenthera-
pie und Onkologie, 196(4), 386-397. https://doi.org/10.1007/
s00066-019-01557-z

Osoba, D., Rodrigues, G., Myles, J., Zee, B., & Pater, J. (1998).
Interpreting the significance of changes in health-related quality-
of-life scores. Journal of clinical oncology: official journal of the

@ Springer


https://doi.org/10.1007/s10552-015-0688-z
https://doi.org/10.1007/s10552-015-0688-z
https://doi.org/10.1007/s00520-019-04805-1
https://doi.org/10.1007/s00520-019-04805-1
https://doi.org/10.1200/JCO.2008.18.0679
https://doi.org/10.1186/s12875-015-0367-x
https://doi.org/10.1002/14651858.CD007672.pub2
https://doi.org/10.1002/14651858.CD007672.pub2
https://doi.org/10.1158/1078-0432.CCR-18-0777
https://doi.org/10.1007/s10549-006-9480-9
https://doi.org/10.1007/s10549-006-9480-9
https://doi.org/10.1016/s0167-8140(03)00166-x
https://doi.org/10.1016/s0167-8140(03)00166-x
https://doi.org/10.1007/s11764-011-0197-3
https://doi.org/10.1002/ijc.23655
https://doi.org/10.1093/jnci/85.5.365
https://doi.org/10.1007/s00520-007-0328-6
https://doi.org/10.1007/s00520-007-0328-6
https://doi.org/10.1016/j.adro.2016.01.003
https://doi.org/10.1176/appi.psy.51.2.112
https://doi.org/10.1176/appi.psy.51.2.112
https://doi.org/10.1093/jnci/94.1.39
https://doi.org/10.1093/jnci/94.1.39
https://doi.org/10.1200/JCO.2011.34.6148
https://doi.org/10.1200/JCO.2011.34.6148
https://doi.org/10.1007/s10549-007-9831-1
https://doi.org/10.1002/cam4.3413
https://doi.org/10.1007/s10549-019-05188-x
https://doi.org/10.1038/bjc.2014.632
https://doi.org/10.1007/s00066-019-01557-z
https://doi.org/10.1007/s00066-019-01557-z

2652

Quality of Life Research (2023) 32:2639-2652

48.

49.

American Society of Clinical Oncology, 16(1), 139-144. https://
doi.org/10.1200/JC0O.1998.16.1.139

Cocks, K., King, M. T., Velikova, G., de Castro, J. G., St-James,
M. M., Fayers, P. M., & Brown, J. M. (2012). Evidence-based
guidelines for interpreting change scores for the European organi-
sation for the research and treatment of cancer quality of life ques-
tionnaire core 30. European journal of cancer (Oxford, England:
1990), 48(11), 1713-1721. https://doi.org/10.1016/j.ejca.2012.02.
059

Nolte, S., Waldmann, A., Liegl, G., Petersen, M. A., Groenvold,
M., Rose, M., EORTC Quality of Life Group. (2020). Updated
EORTC QLQ-C30 general population norm data for Germany.
European journal of cancer (Oxford, England: 1990), 137, 161—
170. https://doi.org/10.1016/j.ejca.2020.06.002

Authors and Affiliations

50.

S1.

Arndt, V., Merx, H., Stiirmer, T., Stegmaier, C., Ziegler, H., &
Brenner, H. (2004). Age-specific detriments to quality of life
among breast cancer patients one year after diagnosis. European
journal of cancer (Oxford, England: 1990), 40(5), 673-680.
https://doi.org/10.1016/j.ejca.2003.12.007

Loh, K. P, Zittel, J., Kadambi, S., Pandya, C., Xu, H., Flannery,
M., Magnuson, A., Bautista, J., McHugh, C., Mustian, K., Dale,
W., Duberstein, P., & Mohile, S. G. (2018). Elucidating the asso-
ciations between sleep disturbance and depression, fatigue, and
pain in older adults with cancer. Journal of geriatric oncology,
9(5), 464-468. https://doi.org/10.1016/j.jg0.2018.02.006

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

Yifeng Gao' - Juan C. Rosas' - Hanna Fink' - Sabine Behrens' - Jenny Chang-Claude'? - Petra Seibold'

Division of Cancer Epidemiology, German Cancer Research
Center (DKFZ), Im Neuenheimer Feld 581, 69221,
Heidelberg, Germany

Institute for Medical Information Processing, Biometry
and Epidemiology, Ludwig-Maximilians-University, Munich,
Germany

@ Springer

3

University Cancer Center Hamburg, University Medical
Center Hamburg-Eppendorf, Hamburg, Germany


https://doi.org/10.1200/JCO.1998.16.1.139
https://doi.org/10.1200/JCO.1998.16.1.139
https://doi.org/10.1016/j.ejca.2012.02.059
https://doi.org/10.1016/j.ejca.2012.02.059
https://doi.org/10.1016/j.ejca.2020.06.002
https://doi.org/10.1016/j.ejca.2003.12.007
https://doi.org/10.1016/j.jgo.2018.02.006
http://orcid.org/0000-0001-7360-6335

	Longitudinal changes of health-related quality of life over 10 years in breast cancer patients treated with radiotherapy following breast-conserving surgery
	Abstract
	Purposes 
	Methods 
	Results 
	Conclusion 

	Plain English summary
	Introduction
	Methods
	Data collection and study population
	Patient cohort
	Control population

	Health-related quality of life measurement
	Statistical analysis

	Results
	Longitudinal analysis on the change of HRQoL from RT to 10-year follow-up
	Comparison of HRQoL with the control population at the 10-year follow-up
	Determinants of HRQoL in long-term BC survivors (cross-sectional analysis)

	Discussion
	Longitudinal analysis of HRQoL in BC survivors
	Cross-sectional comparison of HRQoL with controls at the 10-year follow-up
	Strengths and limitations

	Conclusion
	Anchor 24
	Acknowledgements 
	References




