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Abstract
Purpose  As the prognosis for adolescents and young adults (AYAs) with breast cancer has improved, long-term health-related 
quality of life (HRQoL) has become increasingly important. This study aimed to analyze the long-term HRQoL of AYA 
breast cancer survivors compared to an age-matched normative population and to identify factors associated with HRQoL.
Methods  Secondary analyses were conducted using data from the SURVAYA study. The European Organization for Research 
and Treatment of Cancer Quality of Life Questionnaire Core-30 (EORTC QLQ-C30) was used to assess HRQoL. The Mann–
Whitney U test was used to compare HRQoL scores of AYA breast cancer survivors with those of the normative population 
(n = 409). Linear regression models were constructed to identify patient and treatment characteristics associated with HRQoL.
Results  A total of 944 female AYA breast cancer survivors were included, with a median age of 36.0 years and a median 
follow-up of 12.2 years. AYA breast cancer survivors scored significantly lower on five functional scales: physical, role, 
emotional, cognitive, and social, and higher on five symptom scales: fatigue, pain, dyspnea, insomnia, and financial impact 
compared to the normative population. Being in a relationship, having a positive body image, and adaptive coping were 
positively associated with HRQoL, while older age, chemotherapy, unemployment, and maladaptive coping were negatively 
associated.
Conclusion  AYA breast cancer survivors experience significantly compromised long-term HRQoL compared to an age-
matched normative population. These results highlight the need for tailored follow-up care and long-term support, as well 
as the importance of shared decision-making about the benefits and risks of treatments before initiation.
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Introduction

Adolescents and young adults (AYAs) are defined as individ-
uals aged between 15 and 39 years at the time of their initial 
cancer diagnosis, according to the US National Cancer Insti-
tute [1]. However, the AYA age range may be defined dif-
ferently in other healthcare systems [2]. In the Netherlands, 
children (0–18 years) receive treatment and support centrally 
in a pediatric oncology center, while adults (≥ 18 years) are 
treated in general and academic hospitals in the whole coun-
try. Due to this dichotomization, AYAs in the Netherlands 
are defined as individuals aged from 18 to 39 years at their 
initial cancer diagnosis [3].

Currently, the incidence of cancers in AYAs is increasing 
[4, 5]. AYAs are recognized as a unique population within 
oncology. AYAs have a long life ahead because of their 
prolonged survival period, with an overall 5-year relative 
survival rate of over 80% and 20-year relative survival of 
74% [6, 7]. But most importantly, AYAs express age-spe-
cific needs as they find themselves in a developmental life 
phase. AYA cancer survivors are impacted by both physi-
cal issues, such as possible infertility, as well as more psy-
chosocial matters, such as the interruption of education or 
career development, problems with sexuality and intimacy, 
and difficulties in building and maintaining mature relation-
ships [8–10]. Furthermore, AYAs encounter more delays in 
their diagnosis and treatment due to failing to recognize or 
acknowledge the importance of their symptoms [11, 12].
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Breast cancer is the most common type of cancer among 
female AYAs worldwide [5, 13]. Despite the increasing 
incidence of breast cancer among AYAs, there is a positive 
trend in the prognosis due to advances in various treatment 
modalities [4, 10, 14–16]. Although this rise in life expec-
tancy is promising, AYA breast cancer survivors must live 
with the possible long-term adverse effects of breast cancer 
and its treatment, which can have a significant impact on 
their overall health-related quality of life (HRQoL) [17–19].

To date, literature on long-term HRQoL of AYA breast 
cancer survivors is scarce. Previous research focused either 
on older breast cancer survivors or on AYA cancer in general 
[20–24]. Yet HRQoL impairments differ by age, and breast 
cancer is a unique type of cancer as the breasts are regarded 
as one of the most important aspects of female identity and 
sexuality. As a result, breast cancer survivors often report 
lower HRQoL compared to other cancer survivors [25–28].

The primary aim of this study was to analyze the HRQoL 
of AYA breast cancer survivors and compare the HRQoL of 
AYA breast cancer survivors with that of an age-matched 
normative population to identify any persistent long-term 
HRQoL issues associated with their cancer diagnosis and 
treatment. The secondary aim of this study was to identify 
factors associated with the HRQoL of AYA breast cancer 
survivors. The results of this study will provide healthcare 
professionals with valuable insights into areas where addi-
tional long-term support may be needed to improve HRQoL 
of AYA breast cancer survivors in the future.

Methods

Data collection

The SURVAYA (health-related quality of life and late 
effects among SURVivors of cancer in Adolescence and 
Young Adulthood) study data was used for secondary 
analyses [3]. The SURVAYA study is a retrospective, pop-
ulation-based, observational, cross-sectional cohort ques-
tionnaire study conducted among long-term (5–20 years 
post-diagnosis) AYA cancer survivors (18–39 years at 
the time of diagnosis) in the Netherlands. AYA cancer 
survivors were invited to participate in the SURVAYA 
study from the involved cancer centers, including eight 
university medical centers and the Netherlands Cancer 
Institute (NCI), using the Netherlands Cancer Registry 
(NCR) [29]. The NCR collects detailed data on cancer 
patients in the Netherlands, including disease and treat-
ment characteristics. Patient-reported questionnaire data of 
the SURVAYA study were collected using the PROFILES 
(Patient-Reported Outcomes Following Initial Treatment 
and Long-term Evaluation of Survivorship) registry and 

merged with the NCR data at the end of the study [30]. 
More detailed information concerning the SURVAYA 
study has previously been published elsewhere [3].

Normative population

An age-matched normative population, consisting of women 
from the Dutch general population without a cancer diag-
nosis, was obtained from CentERdata, a research institute 
at Tilburg University. CentERdata has an online household 
panel comprising more than 2000 Dutch households and 
is representative of the Dutch-speaking population in the 
Netherlands [31]. The normative data used for this study 
were collected in 2017.

The normative population was matched to the AYA breast 
cancer survivors using a frequency matching method with 
age at the time of filling out the EORTC QLQ-C30 strata 
(20–35 years, 35–50 years, and 50–65 years) [32]. A total 
of 409 panel members were matched to 944 AYA breast 
cancer survivors.

HRQoL

HRQoL was assessed using the Dutch version of the Euro-
pean Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire Core-30 (EORTC QLQ-C30, 
version 3) [33, 34]. The EORTC QLQ-C30 consists of 30 
questions divided over 15 scales, including five functional 
scales (physical functioning, role functioning, cognitive 
functioning, emotional functioning, and social functioning), 
eight symptom scales (fatigue, nausea and vomiting, pain, 
dyspnea, insomnia, appetite loss, constipation, and diarrhea), 
a financial impact scale and a quality of life (QoL) scale. A 
four-point ordinal Likert scale was used for the functional, 
financial impact, and symptom scales ranging from 1 = not 
at all, 2 = a little, 3 = quite a bit, to 4 = very much. For the 
QoL scale, an ordinal scale ranging from 1 = very poor to 
7 = excellent was used. All scales and item scores were lin-
early transformed into numeric scores (0–100). For the func-
tional scales and the QoL scale, a higher score represents a 
better level of functioning. For the symptom scales and the 
financial impact scale, a higher score represents a higher 
level of symptoms/difficulties [33, 35]. A difference of 5 
points was considered clinically relevant [36].

All domains of the EORTC QLQ-C30 were included in 
the analysis to encompass all aspects of survivorship. The 
hypothesis posited that while acute symptoms like nausea 
or dyspnea would not significantly differ between long-term 
AYA breast cancer survivors and the normative population, 
longer-term symptoms such as fatigue and cognitive issues 
would exhibit significant differences.
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Covariates

Patient demographics (at the time of questionnaire comple-
tion), treatment modality, and tumor characteristics were 
obtained from the SURVAYA study and the NCR. Vari-
ables included in the analysis were selected based on lit-
erature and encompassed the following: age at diagnosis, 
time since diagnosis, body mass index (BMI) categorized 
as overweight (BMI > 25) and normal weight (BMI < 25), 
educational level, relationship status, employment status, 
chemotherapy, radiotherapy, hormonal therapy, breast and 
axillary surgery including breast-conserving surgery (BCS) 
with or without axillary lymph node dissection (ALND) and 
mastectomy with or without ALND, body image and coping 
mechanisms (maladaptive and adaptive) [26, 37–39].

Body image

Body image was assessed using the EORTC QLQ-
SURV100, a questionnaire specifically developed for dis-
ease-free cancer survivors, at least one year post-treatment, 
covering the long-term effects of a cancer diagnosis and 
treatment. Body image is a functional scale consisting of two 
single items; “Have you felt older than your age?” and “Have 
you been dissatisfied with your physical appearance?”. A 
higher score on this scale indicates a more positive body 
image [3, 40].

The cognitive emotion regulation questionnaire (CERQ)

The CERQ was used to measure the cognitive coping mech-
anisms [41]. The CERQ consists of nine scales: self-blame, 
other-blame, rumination, catastrophizing, positive refocus-
ing, planning, positive reappraisal, putting into perspective, 
and acceptance. Each scale of the full CERQ contains four 
items. In this study, a condensed version utilizing two items 
per scale was used. For each item, the answering options 
ranged from 1 [(almost) never] to 5 [(almost) always]. To 
calculate the total scale score, the scores of the two rele-
vant items are summed, resulting in a range from 2 to 10. A 
higher score represents more usage of that specific cognitive 
emotion regulation strategy. A maladaptive scale based on 
self-blame, other-blame, rumination, and catastrophizing, 
and an adaptive scale based on positive refocusing, planning, 
positive reappraisal, putting into perspective, and acceptance 
were constructed. The maladaptive scale ranges from 8 to 
40, while the adaptive scale ranges from 10 to 50 [41, 42].

Data analysis

Descriptive statistics were used to describe patient, tumor, 
and treatment characteristics, as well as EORTC QLQ-C30 
scores. The Mann–Whitney-U test was used to compare the 

HRQoL between AYA breast cancer survivors and the nor-
mative population.

Multiple linear regression models were used to identify 
patient and treatment characteristics associated with HRQoL 
of AYA breast cancer survivors, focusing on the EORTC 
QLQ-C30 scales that showed significant differences between 
AYA breast cancer survivors and the normative population 
(physical functioning, role functioning, emotional function-
ing, cognitive functioning, social functioning, fatigue, pain, 
dyspnea, insomnia, and financial impact). Variables included 
in the multiple linear regression models were age at diagno-
sis, time since diagnosis, BMI, educational level, relation-
ship status, employment status, chemotherapy, radiotherapy, 
hormonal therapy, breast and axillary surgery, body image, 
maladaptive coping, and adaptive coping. To avoid multi-
collinearity, the tumor stage was not included. Additionally, 
for the regression models of the functional scales, fatigue, 
pain, and insomnia from the symptom scales of the EORTC 
QLQ-C30 were also included.

A variance inflation factor (VIF) was calculated to check 
for multicollinearity. A VIF with a score < 5 was consid-
ered acceptable for analysis [43]. Normality and homosce-
dasticity of the residuals were tested with residual plots. A 
two-sided p-value of 0.05 or less was considered statistically 
significant. All statistical analyses were performed using R 
statistical software (version 4.4.3) [44].

Non‑responder analysis

A non-responder analysis was conducted to assess differ-
ences in baseline characteristics between responders and 
non-responders. Non-responders were defined as AYA breast 
cancer survivors who did not answer any questions of the 
EORTC QLQ-C30. Numeric variables were analyzed using 
an unpaired Student’s t-test, and categorical variables were 
examined using chi-squared tests. A complete case analysis 
was performed due to the limited amount of missing data.

Results

Patient characteristics

A total of 944 female AYA breast cancer survivors were 
included in the SURVAYA study. The median age at diag-
nosis was 36.0 years, ranging from 18.0 to 39.0 years, and 
the median time since diagnosis was 12.2 years, ranging 
from 4.41 to 21.6 years. Almost all AYA breast cancer sur-
vivors were diagnosed with tumor stage 1 (35.8%) and tumor 
stage 2 (47,4%). Most survivors underwent chemotherapy 
(85.5%), radiotherapy (77.3%), and hormonal therapy 
(50.7%). Additionally, BCS without ALND was the most 
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common treatment AYA breast cancer survivors received 
(39.1%, Table 1).

The baseline characteristics of the normative population 
(n = 409) can be found in Appendix Table 4.

No significant differences in the baseline characteristics 
between responders and non-responders (n = 57, 6%) were 
observed (p > 0.05, Appendix Table 5).

EORTC QLQ‑C30 scores of AYA breast cancer 
survivors compared to the normative population

AYA breast cancer survivors scored significantly lower 
on physical functioning, role functioning, emotional func-
tioning, cognitive functioning, and social functioning 
(p < 0.001). The largest difference between the groups on the 
functional scales was found in cognitive functioning, with 
AYA breast cancer survivors having a mean score of 72.4 
compared to 91.4 in the normative population (p < 0.001). 
On the role functioning, emotional functioning, cognitive 
functioning, and social functioning scales, a difference of 5 
points or more was observed (Fig. 1).

On the symptom scales, AYA breast cancer survivors 
scored significantly higher on fatigue (p < 0.001), pain 
(p < 0.001), dyspnea (p = 0.004), insomnia (p < 0.001), and 
financial impact (p < 0.001). The largest difference between 
the groups was observed in the fatigue scale, where AYA 
breast cancer survivors had a mean score of 32.8 compared 
to 20.1 in the normative population (p < 0.001). Differences 
of 5 points or more were observed on the fatigue, insomnia, 
and financial impact scales (Fig. 1).

The standard deviations (SD), medians, and ranges of the 
EORTC QLQ-C30 scales are provided in Appendix Table 6.

Factors associated with long‑term HRQoL of AYA 
breast cancer survivors

Being in a relationship or being married compared to being 
single and having an adaptive coping mechanism were posi-
tively associated with HRQoL. Additionally, a higher body 
image score was positively associated with HRQoL on all 
functional and symptom scales of the EORTC QLQ-C30 
(Tables 2 and 3).

An older age at diagnosis, being unemployed in compari-
son to being employed, having received chemotherapy, and 
having a maladaptive coping mechanism were negatively 
associated with HRQoL (Tables 2 and 3).

Being overweight compared to having a normal weight 
and having a higher educational level compared to an inter-
mediate educational level had both positive and negative 
associations with different aspects of HRQoL. Overweight 
AYA breast cancer survivors scored lower on physical func-
tioning and fatigue and higher on cognitive functioning. 
AYA breast cancer survivors with a high educational level 

Table 1   Baseline characteristics of AYA breast cancer survivors

Characteristics AYA breast cancer 
survivors (n = 944)

Age at diagnosis (years)
 Mean (SD) 34.7 (3.85)
 Median [Min, Max] 36.0 [18.0, 39.0]

Time since diagnosis (years)
 Mean (SD) 12.2 (4.52)
 Median [Min, Max] 12.2 [4.41, 21.6]

Age at time of filling out EORTC QLQ-C30 
(years)

 Mean (SD) 47.5 (6.13)
 Median [Min, Max] 47.8 [23.7, 60.0]

BMI, n (%)
 Normal weighta 573 (60.7)
 Overweighta 354 (37.5)
 Missing 17 (1.8)

Educational level, n (%)
 Low, no primary school 5 (0.5)
 Intermediate, secondary education 377 (39.9)
 High, college/university 562 (59.5)

Relationship status, n (%)
 Registered partnership/married 545 (57.7)
 Relationship 247 (26.2)
 Single 147 (15.6)
 Missing 5 (0.5)

Employment status, n (%)
 Employed 664 (70.3)
 Self employed 129 (13.7)
 Unemployed 151 (16.0)

Tumor stage, n (%)
 1 338 (35.8)
 2 447 (47.4)
 3 153 (16.2)
 4 6 (0.6)

Chemotherapy, n (%)
 Yes 807 (85.5)
 No 137 (14.5)

Radiotherapy, n (%)
 Yes 730 (77.3)
 No 214 (22.7)

Hormonal therapy, n (%)
 Yes 479 (50.7)
 No 465 (49.3)

Targeted therapy, n (%)
 Yes 173 (18.3)
 No 771 (81.7)

Breast and axillary surgery, n (%)
 BCS 369 (39.1)
 BCS + ALND 133 (14.1)
 Mastectomy 216 (22.9)
 Mastectomy + ALND 219 (23.2)
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scored higher on physical functioning and cognitive func-
tioning and lower on role functioning and social function-
ing (Tables 2 and 3). Moreover, fatigue, pain, and insomnia 
were negatively associated with HRQoL (functional scales, 
Table 2).

Discussion

AYA breast cancer survivors, with a median follow-up of 
12.2 years, had significantly lower HRQoL than the matched 
normative population. AYA breast cancer survivors scored 
significantly lower on functional scales of the EORTC QLQ-
C30 (physical, role, emotional, cognitive, and social) and 
higher on symptom scales (fatigue, pain, dyspnea, insomnia, 
and financial impact). Most differences in HRQoL were not 
only statistically significant but also clinically meaningful, 
particularly in cognitive functioning and fatigue [36]. Addi-
tionally, age at diagnosis, BMI, relationship status, educa-
tional level, employment status, chemotherapy, body image, 
and coping mechanisms were associated with HRQoL of 
AYA breast cancer survivors.

Functioning

The significant impairment in cognitive functioning among 
AYA breast cancer survivors compared to the normative popu-
lation could be attributed to the intensive chemotherapy and 
long-term hormonal therapy, including ovarian ablation often 
required for treating the aggressive types of cancers in this 

group, which increases the likelihood of developing cognitive 
issues, such as problems with thinking, memory, and concen-
tration [45–58]. Previous research found that self-reported cog-
nitive problems were highest for breast cancer patients who 
received both chemotherapy and hormone therapy (OR = 6.33, 
95% CI = 4.21, 9.54), followed by those who received only 
chemotherapy (OR = 5.63, 95% CI = 3.52, 9.00), and those who 
received only hormone therapy (OR = 1.64, 95% CI = 1.15, 
2.33), compared with those reporting neither treatment [57]. 
Similarly, Mandelblatt et al. identified a significantly higher 
likelihood of accelerated cognitive decline among survivors 
receiving chemotherapy (with and without hormonal therapy) 
compared to those receiving only hormonal therapy (OR = 2.1, 
95% CI = 1.3–3.5) [58]. Moreover, Schagen et al. have shown 
that breast cancer patients (mean age 47.1 years) treated with 
chemotherapy have a significantly higher risk of late cogni-
tive impairment compared to those without chemotherapy 
(OR = 6.4, 95% CI = 1.5–27.6) [55]. However, Dijkshoorn 
et al. demonstrated that one in four breast cancer patients had 
cognitive impairment even before starting anticancer treat-
ment, suggesting that psychological factors such as post-trau-
matic stress disorder (PTSD), which is common after a cancer 
diagnosis, can also play an important role [54, 59]. The linear 
regression analysis in the current study confirmed a negative 
association between chemotherapy and cognitive functioning, 
while no association with hormonal therapy was found. This 
might be explained by the fact that cognitive functioning in the 
current study was assessed using only the two EORTC QLQ-
C30 items. Research suggests that hormonal therapy may have 
more pronounced effects on specific cognitive domains, such 
as verbal learning/memory, which were not comprehensively 
assessed in this study [47–50].

Furthermore, previous research among older breast cancer 
patients with a shorter follow-up duration showed a signifi-
cant decrease in role, emotional, and social functioning scores 
compared to the general population; however, no statistically 
significant difference in physical functioning was found [60, 
61]. While these findings align with those of the current study, 
this study also identified a significant decrease in physical 
functioning. This discrepancy may be explained by the fact 
that older cancer survivors tend to adjust their health percep-
tions more easily, whereas younger survivors generally have 
higher expectations for their physical abilities [62].

Symptoms

AYA breast cancer survivors reported statistically and clini-
cally significant higher levels of fatigue and insomnia com-
pared to the normative population. It is known that cancer-
related fatigue is common among cancer patients and is 
considered one of the most burdensome symptoms expe-
rienced during and after treatment [63]. Arndt et al. dem-
onstrated that fatigue and insomnia were more common in 

ALND axillary lymph node dissection, BCS breast-conserving sur-
gery, BMI body mass index, EORTC QLQ-C30 European Organiza-
tion for Research and Treatment of Cancer Quality of Life Question-
naire Core-30, SD; standard deviation
a BMI was categorized as overweight (BMI > 25) and normal weight 
(BMI < 25)

Table 1   (continued)

Characteristics AYA breast cancer 
survivors (n = 944)

 Missing 7 (0.7)
Body image
 Mean (SD) 72.0 (25.7)
 Median [Min, Max] 83.3 [0, 100]
 Missing 59 (6.3)

Maladaptive scale
 Mean (SD) 13.1 (3.60)
 Median [Min, Max] 13.0 [8.00, 27.0]
 Missing 72 (7.6)

Adaptive scale
 Mean (SD) 29.9 (7.18)
 Median [Min, Max] 30.0 [10.0, 50.0]
 Missing 75 (7.9)
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breast cancer patients (mean age 58.2 years) three years after 
diagnosis compared to the general population [61]. Simi-
larly, a study with a six-year follow-up period reported that 
fatigue and insomnia were common in breast cancer survi-
vors and associated with radiotherapy and hormonal therapy 

[64]. The current study, with a longer follow-up of 12 years, 
did not find any association between these symptoms and 
treatment characteristics. This discrepancy could be attrib-
uted to the possibility that the more immediate effects of 
treatment diminish over time.

Fig. 1   Bar charts of the mean scores of EORTC QLQ-C30 functional 
scales (a) and symptom scales (b) for AYA breast cancer survivors 
(purple) and the normative population (green). A higher score on 
the functional scales represents a higher level of functioning, and 
a higher score on the symptom scales represents a higher level of 

symptoms. Abbreviations: AYA​ Adolescent and Young Adult, EORTC 
QLQ-C30 European Organization for Research and Treatment of 
Cancer Quality of Life Questionnaire Core-30, QoL quality of life. 
Error bars represent the standard error of the mean. Bold indicates 
P-value < 0.05
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AYA breast cancer survivors also reported significantly 
higher, yet not clinically significant, pain and dyspnea 
scores. The prevalence of post-mastectomy pain syndrome, 
chronic pain in the breast/chest wall, axilla, or arm often of 
neurological origin after breast surgery, is known to be high 
in breast cancer survivors. A young age is an independent 
risk factor and may explain the high pain scores observed 
in this study [65–67]. Moreover, the higher dyspnea scores 
could be explained by the pulmonary effects of radiotherapy, 
as breast radiotherapy can lead to lung damage such as fibro-
sis [68, 69]. However, the current study did not find a direct 
association between dyspnea and radiotherapy. Instead, rela-
tionship status and body image were associated, suggesting 
that the psychosocial state of AYA breast cancer survivors 
could also influence the reported dyspnea.

Nausea and vomiting, appetite loss, constipation, and 
diarrhea symptoms were less common in the current study, 
which might be explained by the fact that these symptoms 
are more likely to be directly related to breast cancer treat-
ment and may diminish over time [70].

Lastly, fatigue, pain, and insomnia were found to nega-
tively impact all functional scales of the EORTC QLQ-C30, 
aligning with findings from De Ligt et al., which showed that 
health symptoms adversely affect daily functioning in early-
stage breast cancer survivors (median age 62.2 ± 10.9 years) 
[60]. Additionally, Arndt et al. found that fatigue was the 
strongest predictor for functioning and overall QoL com-
pared to other symptoms in breast cancer patients one year 
after diagnosis [71].

Financial impact

AYA breast cancer survivors reported statistically and clini-
cally significant higher financial impact scores than the norma-
tive population. This difference can be explained by the fact 
that AYA cancer survivors often miss critical developmental 
milestones, such as completing their education or starting their 
first job, which is likely to impact their financial future [8–10, 
72]. Additionally, unemployment was found to impact HRQoL 
negatively. The findings align with previous research showing 
that AYA cancer survivors are more frequently unemployed 
than matched controls and that a cancer diagnosis at a young 
age significantly impacts income levels [72, 73]. This highlights 
the need for financial support for AYA cancer survivors. Cur-
rently, eight members of the EU have implemented ‘Rights To 
Be Forgotten’ laws for cancer survivors to protect them from 
financial toxicity. There is an ongoing discussion about whether 
this period should be shortened for AYA cancer survivors [74].

Overall QoL

Literature on older patients demonstrated that although long-
term breast cancer survivors scored lower on the functional AL

N
D

 a
xi

lla
ry

 ly
m

ph
 n

od
e 

di
ss

ec
tio

n,
 B

C
S 

br
ea

st-
co

ns
er

vi
ng

 su
rg

er
y,

 B
M

I b
od

y 
m

as
s i

nd
ex

B
ol

d 
in

di
ca

te
s P

 <
 0.

05

Ta
bl

e 
2  

(c
on

tin
ue

d)

Va
ria

bl
es

Ph
ys

ic
al

 fu
nc

tio
ni

ng
Ro

le
 fu

nc
tio

ni
ng

Em
ot

io
na

l f
un

ct
io

ni
ng

C
og

ni
tiv

e 
fu

nc
tio

ni
ng

So
ci

al
 fu

nc
tio

ni
ng

Es
tim

at
es

p
Es

tim
at

es
p

Es
tim

at
es

p
Es

tim
at

es
p

Es
tim

at
es

p

Fa
tig

ue
 −

 0.
16

 <
 0.

00
1

 −
 0.

30
 <

 0.
00

1
 −

 0.
20

 <
 0.

00
1

 −
 0.

33
 <

 0.
00

1
 −

 0.
23

 <
 0.

00
1

Pa
in

 −
 0.

16
 <

 0.
00

1
 −

 0.
46

 <
 0.

00
1

 −
 0.

02
0.

41
5

 −
 0.

05
0.

14
3

 −
 0.

23
 <

 0.
00

1
In

so
m

ni
a

0.
01

0.
47

7
 −

 0.
02

0.
41

4
 −

 0.
15

 <
 0.

00
1

 −
 0.

09
0.

00
1

 −
 0.

06
0.

00
4

O
bs

er
va

tio
ns

85
1

85
1

85
1

85
1

85
0

R
2 /R

2  a
dj

us
te

d
0.

45
5/

0.
44

1
0.

56
0/

0.
54

9
0.

48
3/

0.
47

0
0.

35
0/

0.
33

3
0.

44
9/

0.
43

5



1491Quality of Life Research (2025) 34:1483–1500	

Ta
bl

e 
3  

M
ul

tip
le

 li
ne

ar
 re

gr
es

si
on

 m
od

el
s o

f t
he

 sy
m

pt
om

 sc
al

es
 o

f t
he

 E
O

RT
C

 Q
LQ

-C
30

 a
m

on
g 

th
e 

A
YA

 b
re

as
t c

an
ce

r s
ur

vi
vo

rs

Va
ria

bl
es

Fa
tig

ue
Pa

in
D

ys
pn

ea
In

so
m

ni
a

Fi
na

nc
ia

l i
m

pa
ct

Es
tim

at
es

p
Es

tim
at

es
p

Es
tim

at
es

p
Es

tim
at

es
p

Es
tim

at
es

p

A
ge

 a
t d

ia
gn

os
is

 −
 0.

14
0.

47
6

0.
53

0.
00

6
 −

 0.
08

0.
56

8
0.

8
0.

00
2

0.
07

0.
73

9
Ti

m
e 

si
nc

e 
di

ag
no

si
s

 −
 0.

38
0.

03
1

0
0.

99
5

 −
 0.

08
0.

56
4

0.
06

0.
78

9
 −

 0.
1

0.
58

4
B

M
I

 N
or

m
al

 w
ei

gh
t

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
 O

ve
rw

ei
gh

t
 −

 3.
92

0.
01

5
 −

 2.
4

0.
12

2
1.

46
0.

22
1

 −
 1.

95
0.

35
2

 −
 1.

18
0.

47
7

Ed
uc

at
io

na
l l

ev
el

 In
te

rm
ed

ia
te

, s
ec

on
da

ry
 e

du
ca

tio
n

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
 L

ow
, n

o 
pr

im
ar

y 
sc

ho
ol

 −
 22

.8
6

0.
06

9
 −

 6.
65

0.
58

4
 −

 8.
16

0.
38

3
 −

 3.
53

0.
83

20
.7

8
0.

11
 H

ig
h,

 c
ol

le
ge

/u
ni

ve
rs

ity
1.

01
0.

51
7

 −
 2.

67
0.

07
8

1.
41

0.
22

5
 −

 2.
56

0.
21

 −
 1.

43
0.

37
5

Re
la

tio
ns

hi
p 

st
at

us
 S

in
gl

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

 M
ar

rie
d/

re
gi

ste
re

d 
pa

rtn
er

sh
ip

 −
 4.

81
0.

02
3

 −
 1.

9
0.

35
3

 −
 5.

03
0.

00
1

0.
61

0.
82

6
 −

 7.
84

 <
 0.

00
1

 R
el

at
io

ns
hi

p
 −

 4.
76

0.
04

8
0.

79
0.

73
3

 −
 4.

72
0.

00
8

1.
77

0.
57

3
 −

 7.
01

0.
00

5
Em

pl
oy

m
en

t s
ta

tu
s

 E
m

pl
oy

ed
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

 S
el

f e
m

pl
oy

ed
1.

5
0.

49
7

2.
29

0.
28

3
1.

59
0.

33
3

3.
32

0.
25

4.
93

0.
03

1
 U

ne
m

pl
oy

ed
7.

93
 <

 0.
00

1
7.

33
 <

 0.
00

1
2.

77
0.

08
6

2.
75

0.
33

1
18

.1
6

 <
 0.

00
1

C
he

m
ot

he
ra

py
 N

o
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

 Y
es

1.
71

0.
45

5
0.

92
0.

67
7

0.
51

0.
76

7
 −

 1.
82

0.
54

2
0.

44
0.

85
1

R
ad

io
th

er
ap

y
 N

o
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

 Y
es

 −
 0.

59
0.

80
4

 −
 1.

07
0.

63
9

1.
16

0.
51

4.
91

0.
11

3
 −

 2.
38

0.
32

8
H

or
m

on
al

 th
er

ap
y

 N
o

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
 Y

es
0.

18
0.

90
7

 −
 0.

42
0.

78
5

0.
66

0.
57

3
1.

18
0.

56
8

0.
32

0.
84

7
B

re
as

t a
nd

 a
xi

lla
ry

 su
rg

er
y

 B
C

S
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

Re
fe

re
nc

e
Re

fe
re

nc
e

 B
C

S 
+

 A
LN

D
 −

 0.
22

0.
92

5
 −

 2.
57

0.
25

7
3.

47
0.

04
7

 −
 0.

46
0.

88
 −

 0.
36

0.
88

2
 M

as
te

ct
om

y
 −

 2.
5

0.
32

5
 −

 1.
95

0.
42

8
 −

 1.
37

0.
47

1.
79

0.
59

1
 −

 1.
04

0.
69

3
 M

as
te

ct
om

y +
 A

LN
D

0.
99

0.
63

6
 −

 2.
32

0.
25

1
0.

24
0.

87
6

0.
27

0.
92

1
 −

 0.
68

0.
75

3
B

od
y 

im
ag

e
 −

 0.
45

 <
 0.

00
1

 −
 0.

45
 <

 0.
00

1
 −

 0.
18

 <
 0.

00
1

 −
 0.

35
 <

 0.
00

1
 −

 0.
3

 <
 0.

00
1

M
al

ad
ap

tiv
e 

sc
al

e
0.

68
0.

00
2

0.
15

0.
46

8
0.

07
0.

66
5

0.
93

0.
00

1
1.

08
 <

 0.
00

1
A

da
pt

iv
e 

sc
al

e
0.

08
0.

43
5

0.
16

0.
12

2
0.

04
0.

62
9

 −
 0.

05
0.

72
8

0.
03

0.
75

4



1492	 Quality of Life Research (2025) 34:1483–1500

and higher on most symptom scales of the EORTC QLQ-
C30 compared to the normative population, there was most 
often no significant difference on the overall QoL scale, 
which is in line with the current study [60, 75–78]. This is 
confirmed by the systematic review of Mols et al., stating 
that long-term breast cancer survivors experience good over-
all QoL but face specific functional and symptom-related 
problems [79]. An explanation for the overall good QoL 
among AYA breast cancer survivors can be the posttrau-
matic growth that cancer survivors develop after surviving 
cancer. Post-traumatic growth can result in a more positive 
outlook on life and is thought to improve one’s perception 
of overall QoL despite the ongoing functional and symptom-
related challenges [80, 81].

Clinical implications

It is valuable to discuss these long-term HRQoL effects 
with AYA breast cancer survivors during consultations 
and treatment decisions. Although novel treatments have 
enhanced breast cancer survival rates over the years, they 
also have negative effects [82]. Understanding these impacts 
can improve shared decision-making, helping patients and 
healthcare providers weigh the benefits and potential long-
term consequences of treatment options.

Additionally, the results of the current study emphasize 
the importance of tailored follow-up care for AYA breast 
cancer survivors. While the direct supportive care for AYA 
cancer survivors has improved, there is a need for more com-
prehensive long-term support to address persistent physical 
and psychosocial challenges [8]. Factors such as a negative 
body image, maladaptive coping mechanism, unemploy-
ment and persistent fatigue, insomnia, and pain can be used 
to identify patients at risk for lower long-term HRQoL out-
comes and are essential for effectively targeting interventions. 
Psychological and social interventions or support groups that 
enhance coping skills (with health problems) and address 
body image concerns should be components of survivorship 
care for AYAs, as highlighted by existing literature [8, 83, 
84]. Furthermore, a tiered approach is essential to manage 
resources and ensure timely interventions efficiently. This 
could range from providing personalized information and 
accessible self-management tools through digital platforms 
designed for AYAs to more intensive support like regular 
checkups and contact with an AYA clinical nurse specialist 
when certain problems persist or worsen [8, 85, 86].

Strengths and limitations

To our knowledge, this is one of the first studies examining 
the long-term HRQoL of AYA breast cancer survivors, pro-
viding both healthcare professionals and AYA breast cancer 
survivors with valuable insights. The comparison with the Ta
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normative population was essential to determine whether 
these survivors experience more long-term issues than typi-
cally expected, which is vital for understanding the extended 
impacts of their cancer diagnosis. Additionally, the compari-
son with the normative population enabled adjustment for 
the background risk of HRQoL impairments. Another key 
strength of this study is the availability of long-term HRQoL 
data and the large sample size (n = 944), which enhances 
the reliability of the results [3]. Moreover, the wide vari-
ety of demographic and clinical data within the SURVAYA 
database and the NCR allowed for the exploration of vari-
ous potential associations. Furthermore, the non-responder 
analysis demonstrated no significant differences in baseline 
characteristics, which reduces the risk of selection bias.

A limitation of this study is the lack of data on several fac-
tors that can influence HRQoL. Firstly, data concerning the 
type of breast reconstruction was unavailable, as only primary 
breast surgeries were recorded within the NCR. Previous lit-
erature demonstrated that receiving a breast reconstruction has 
a significant positive influence on HRQoL [87]. Additionally, 
detailed data regarding the type and duration of hormonal 
therapy was missing. Breast cancer patients often undergo 
hormonal treatments for several years post-diagnosis (for 
AYA patients, often up to 10 years) to reduce the risk of recur-
rence. These treatments can have significant negative effects 
on HRQoL due to side effects such as sweating, hot flashes, 
and vaginal dryness. Moreover, different types of hormonal 
therapies, including ovarian function suppression, can have 
varying impacts on HRQoL [48, 49, 88–91]. Furthermore, 
data on menopausal status was absent. The systemic treat-
ments that AYA breast cancer survivors receive can lead to 
early menopause and ovarian dysfunction, significantly affect-
ing HRQoL [92]. Lastly, data on recurrence or distant metas-
tasis was missing. Recurrence or distant metastasis can impact 
HRQoL, as they indicate a poorer prognosis and necessitate 
more aggressive treatments [93]. Future research should aim 
to include these factors to understand their distinct effects on 
patient outcomes. Another limitation is that only body image, 
which was associated with all scales of the EORTC QLQ-
C30, and coping mechanisms were included as personality 
traits in the current study. A recent systematic review found 
that more personality traits such as optimism and neuroticism 
play an important role in the HRQoL of breast cancer patients 
[94]. Future research should aim to consider additional per-
sonality traits to interpret long-term HRQoL outcomes more 
accurately. Additionally, the assessment of cognitive function-
ing and pain is another limitation, as it relies on only a few 
questions from the EORTC QLQ-C30. Given that these scales 
showed large significant differences compared to the norma-
tive population, a more comprehensive examination in future 
studies would be valuable (e.g., issues with memory, concen-
tration, processing speeds, and types of pain like surgical, 
radiative, nerve-related, or hormonal therapy-induced). Lastly, 

the AYA breast cancer survivors included in the current study 
were treated in academic hospitals and the NCI, which likely 
represents a different population compared to AYA breast can-
cer survivors treated in general hospitals, which may limit the 
generalizability of the results.

Conclusion

AYA breast cancer survivors have significantly lower 
HRQoL, with decreased functioning and a greater burden 
of specific symptoms, compared to the matched normative 
population 5–20 years after their diagnosis. Age, BMI, 
relationship status, educational level, employment status, 
chemotherapy, body image, and coping mechanisms are all 
significantly associated with long-term HRQoL. The results 
of this study highlight the need for improvement in follow-up 
care and long-term support to enhance the HRQoL of AYA 
breast cancer survivors in the future. Furthermore, it is 
valuable to consider these long-term HRQoL effects during 
shared decision-making to support patient well-being and 
treatment satisfaction better.

Appendix

See Tables 4, 5 and 6.

Table 4   Baseline characteristics of the normative population

EORTC QLQ-C30 European Organization for Research and Treat-
ment of Cancer Quality of Life Questionnaire Core-30, SD standard 
deviation

Characteristics Overall (N = 409)

Age at time of filling out EORTC QLQ-C30 
(years)

 Mean (SD) 47.6 (9.11)
 Median [Min, Max] 47.0 [21.00, 64.00]

Relationship status, n (%)
 Married 234 (57.2)
 Divorced 56 (13.7)
 Widowed 13 (3.2)
 Single 106 (25.9)

Educational level, n (%)
 Primary school 17 (4.2)
 Pre-vocational secondary education 75 (18.3)
 Senior general secondary education/pre-

university education
37 (9.0)

 Secondary vocational education 132 (32.3)
 Higher professional education 100 (24.4)
 University 48 (11.7)
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Table 5   Non-responder analysis

BCS breast-conserving surgery, ALND axillary lymph node dissection, BMI body mass index, EORTC 
QLQ-C30 European Organization for Research and Treatment of Cancer Quality of Life Questionnaire 
Core-30, SD standard deviation

Characteristics Responder (n = 887) Non-responder (n = 57) P-value

Age at diagnosis (years)
 Mean (SD) 34.8 (3.84) 34.6 (3.99) 0.75
 Median [Min, Max] 36.0 [18.0, 39.0] 36.0 [25.0, 39.0]

Time since diagnosis (years)
 Mean (SD) 12.2 (4.49) 12.7 (4.87) 0.441
 Median [Min, Max] 12.2 [4.41, 21.6] 13.6 [5.05, 20.2]

Age at time of filling out EORTC QLQ-C30 
(years)

 Mean (SD) 47.4 (6.16) 47.8 (5.77) 0.675
 Median [Min, Max] 47.8 [23.7, 60.0] 18.1 [32.5, 58.9]

BMI, n (%)
 Normal weight 547 (61.7) 26 (45.6) 0.825
 Overweight 336 (37.9) 18 (31.6)
 Missing 4 (0.5) 13 (22.8)

Relationship status, n (%)
 Registered partnership/married 509 (57.4) 36 (63.2) 0.604
 Relationship 235 (26.5) 12 (21.1)
 Single 139 (15.7) 8 (14.0)
 Missing 4 (0.5) 1 (1.8)

Educational level, n (%)
 Low, no primary school 4 (0.5) 1 (1.8) 0.329
 Intermediate, secondary education 352 (39.7) 25 (43.9)
 High, college/university 531 (59.9) 31 (54.4)

Employment status, n (%)
 Employed 629 (70.9) 35 (61.4) 0.285
 Self employed 118 (13.3) 11 (19.3)
 Unemployed 140 (15.8) 11 (19.3)

Tumor stage, n (%)
 1 320 (36.1) 18 (31.6) 0.822
 2 418 (47.1) 29 (50.9)
 3 143 (16.1) 10 (17.5)
 4 6 (0.7) 0 (0)

Chemotherapy, n (%)
 Yes 756 (85.2) 51 (89.5) 0.492
 No 131 (14.8) 6 (10.5)

Radiotherapy, n (%)
 Yes 683 (77.0) 47 (82.5) 0.429
 No 204 (23.0) 10 (17.5)

Hormonal therapy, n (%)
 Yes 452 (51.0) 27 (47.4) 0.697
 No 435 (49.0) 30 (52.6)

Targeted therapy, n (%)
 Yes 165 (18.6) 8 (14.0) 0.492
 No 722 (81.4) 49 (86.0)

Breast and axillary surgery, n (%)
 BCS 346 (39.0) 23 (40.4) 0.971
 BCS + ALND 124 (14.0) 9 (15.8)
 Mastectomy 204 (23.0) 12 (21.1)
 Mastectomy + ALND 206 (23.2) 13 (22.8)
 Missing 7 (0.8) 0 (0)
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Table 6   EORTC QLQ-C30 scores of AYA breast cancer survivors 
compared to the normative population

AYA breast cancer 
survivors (n = 887)

Normative 
population 
(n = 409)

P-value

Functional scales (0–100)
QoL
 Mean (SD) 75.2 (17.7) 75.2 (19.5) 0.405
 Median [Min, 

Max]
75.0 [8.33, 100] 83.3 [0, 100]

 Missing, n (%) 8 (0.9%) 1 (0.2%)
Physical functioning
 Mean (SD) 90.0 (13.6) 91.9 (13.7)  < 0.001
 Median [Min, 

Max]
93.3 [0, 100] 100 [33.3, 100]

 Missing, n (%) 1 (0.1%) 0 (0%)
Role functioning
 Mean (SD) 80.7 (26.1) 88.7 (22.0)  < 0.001
 Median [Min, 

Max]
100 [0, 100] 100 [0, 100]

 Missing, n (%) 4 (0.5%) 0 (0%)
Emotional functioning
 Mean (SD) 76.8 (21.0) 82.8 (20.4)  < 0.001
 Median [Min, 

Max]
83.3 [0, 100] 91.7 [0, 100]

 Missing, n (%) 2 (0.2%) 1 (0.2%)
Cognitive functioning
 Mean (SD) 72.4 (25.3) 91.4 (16.5)  < 0.001
 Median [Min, 

Max]
83.3 [0, 100] 100 [0, 100]

 Missing, n (%) 2 (0.2%) 1 (0.2%)
Social functioning
 Mean (SD) 86.6 (22.9) 92.0 (17.8)  < 0.001
 Median [Min, 

Max]
100 [0, 100] 100 [0, 100]

 Missing, n (%) 5 (0.6%) 1 (0.2%)
Symptom scales (0–100)
Fatigue
 Mean (SD) 32.8 (25.3) 20.1 (23.1)  < 0.001
 Median [Min, 

Max]
33.3 [0, 100] 11.1 [0, 100]

 Missing, n (%) 2 (0.2%) 0 (0%)
Nausea and vomiting
 Mean (SD) 3.80 (10.3) 4.65 (12.1) 0.626
 Median [Min, 

Max]
0 [0, 100] 0 [0, 83.3]

 Missing, n (%) 2 (0.2%) 0 (0%)
Pain
 Mean (SD) 20.0 (24.4) 15.8 (23.7)  < 0.001
 Median [Min, 

Max]
16.7 [0, 100] 0 [0, 100]

 Missing, n (%) 1 (0.1%) 0 (0%)
Dyspnea
 Mean (SD) 8.10 (16.9) 5.38 (13.9) 0.004

Table 6   (continued)

AYA breast cancer 
survivors (n = 887)

Normative 
population 
(n = 409)

P-value

 Median [Min, 
Max]

0 [0, 100] 0 [0, 100]

 Missing, n (%) 2 (0.2%) 0 (0%)
Insomnia
 Mean (SD) 29.2 (29.8) 20.4 (27.7)  < 0.001
 Median [Min, 

Max]
33.3 [0, 100] 0 [0, 100]

 Missing, n (%) 3 (0.3%) 0 (0%)
Appetite loss
 Mean (SD) 6.21 (17.0) 4.81 (13.7) 0.299
 Median [Min, 

Max]
0 [0, 100] 0 [0, 66.7]

 Missing, n (%) 2 (0.2%) 0 (0%)
Constipation
 Mean (SD) 7.83 (18.5) 6.29 (15.2) 0.379
 Median [Min, 

Max]
0 [0, 100] 0 [0, 100]

 Missing, n (%) 2 (0.2%) 1 (0.2%)
Diarrhea
 Mean (SD) 4.91 (14.2) 4.82 (13.7) 0.94
 Median [Min, 

Max]
0 [0, 100] 0 [0, 66.7]

 Missing, n (%) 4 (0.5%) 1 (0.2%)
Financial impact
 Mean (SD) 12.9 (25.8) 4.49 (15.1)  < 0.001
 Median [Min, 

Max]
0 [0, 100] 0 [0, 100]

 Missing, n (%) 5 (0.6%) 1 (0.2%)

AYA​ Adolescent and Young Adult, QoL quality of life, SD standard 
deviation
Bold indicates P < 0.05

https://doi.org/10.1007/s11136-025-03914-1
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