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a b s t r a c t

Background: The number of breast cancer survivors increases, but information about long-term adverse
health effects in breast cancer survivors is sparse. We aimed to get an overview of the health effects for
which survivors visit their general practitioner up to 14 years after diagnosis.
Methods: We retrieved data on 11,671 women diagnosed with breast cancer in 2000e2016 and 23,242
age and sex matched controls from the PSCCR-Breast Cancer, a database containing data about cancer
diagnosis, treatment and primary healthcare. We built Cox regression models for 685 health effects, with
time until the health effect as the outcome and survivor/control and cancer treatment as predictors.
Models were built separately for four age groups (aged 18/44, 45/59, 60/74 and 75/89) and two follow-up
periods (1/4 and 5/14 years after diagnosis).
Results: 229 health effects occurred statistically significantly more often in survivors than in controls
(p < 0.05). Health effects varied by age, time since diagnosis and treatment, but coughing, respiratory and
urinary infections, fatigue, sleep problems, osteoporosis and lymphedema were statistically significantly
increased in breast cancer survivors. Osteoporosis and chest symptoms were associated with hormone
therapy; respiratory and skin infections with chemotherapy and lymphedema and skin infections with
axillary dissection.
Conclusions: Breast cancer survivors may experience numerous adverse health effects up to 14 years
after diagnosis. Insight in individual risks may assist healthcare professionals in managing patient ex-
pectations and improve monitoring, detection and treatment of adverse health effects.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Background

Breast cancer is the most prevalent cancer among women
worldwide [1]. Due to advances in early detection and better
treatment, survival of breast cancer has increased considerably
during recent decades [2e4]. Currently, over 85% of breast cancer
patients survive more than 5 years [5e7] and about 80% survive
more than 10 years after the diagnosis [8,9].

Many breast cancer survivors experience a wide range of
physical, emotional, psychological and cognitive health effects
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related to their cancer or the treatment they receive [10e18].
Commonly reported adverse health effects are lymphedema
[10,11,13,14,16e18], bone loss [10e13,16], heart failure
[10,11,13,14,16,18,19], fatigue [12,14e18], neuropathy [12e14,16,17]
and arthralgia [11,14,16e18].

Insight into adverse health effects is important for both survi-
vors and healthcare professionals. Knowledge and awareness about
possible adverse health effects may aid monitoring, early detection
and treatment of these effects and thereby possibly limit their
burden [20]. Besides, it may help healthcare professionals to
improve the guidance they give to survivors regarding possible
adverse effects. If survivors are assisted to interpret their symp-
toms, this might help them cope better with symptoms and
improve their wellbeing [21].

Despite numerous studies addressing breast cancer survivor-
ship, there are still some important knowledge gaps [22]. First,
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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there is a paucity of research on long-term cancer survivors [22].
Most studies are cross-sectional and focus on the first two years
after diagnosis. Longitudinal studies also focussing on survivors
more than five years after diagnosis would be relevant as some
health effects, such as heart failure, may not develop until more
than ten years after diagnosis [11,13,16]. Other adverse health ef-
fects, such as bone loss, usually develop shortly after diagnosis, but
may deteriorate over time [11,13,16].

Second, although almost a third of breast cancer patients are
aged over 65 at diagnosis [23], research on this older age group is
scarce [22]. Age can have a large effect on the occurrence of
symptoms. For instance, premature menopause and fertility prob-
lems are especially relevant in younger women, whereas diseases
such as heart failure and osteoporosis are more relevant in older
women, who already have a high background risk for these diseases
[10,11,14].

Finally, existing studies mostly focused on one or more specific
adverse health effects or were based on patient-reported health
effects. Health effects that were not addressed in these studies, or
that patients or healthcare providers did not relate to breast cancer,
may therefore have been underreported.

We aimed to close these knowledge gaps by studying the
occurrence of adverse health effects breast cancer survivors of all
ages, up to 14 years after diagnosis, compared to age-matched
control women without breast cancer. We studied health effects
presented in primary care, as this is where patients present their
symptoms once active treatment has finished. Assuming that we
would identify adverse health effects that are more prevalent in
breast cancer patients than in control women, we aimed to
disseminate our results in a clear-cut and patient-tailored manner
that is applicable in daily practice.

2. Methods

2.1. Data

Data included in the Primary and Secondary Cancer Care
Registry-Breast Cancer (PSCCR-Breast Cancer) were derived from
two databases. Data on breast cancer diagnosis and treatment were
derived from the Netherlands Cancer Registry (NCR) [24], which
contains data on all cancer patients diagnosed in all Dutch hospitals
since 1989. Data on health problems routinely recorded by GPs
were derived from Nivel Primary Care Database (Nivel-PCD) [25].
Currently, data are collected from about 500 general practices
spread throughout the Netherlands, which is a representative
sample of about 10% of all Dutch general practices. In the
Netherlands, all inhabitants are required to register with a general
practitioner, who acts as the gatekeeper to secondary care [26].
Health problems are coded according to the International Classifi-
cation of Primary Care (ICPC) [27].

In the absence of a unique identifier, patient records in both
databases were linked using a deterministic linkage method, based
on a combination of date of birth, sex and postal code. Linkage was
performed by a trusted third party that removed all directly iden-
tifiable data before making the datasets available to the researchers
[28].

2.2. Survivor and control selection

All women diagnosed with stage I-III breast cancer between
2000 and 2016, aged 18e89 at diagnosis, for whom general practice
data were available for 1e14 years after diagnosis (n¼ 11,671) were
selected from the PSCCR-Breast Cancer. As a comparison group, we
selected two controls for each survivor (i.e. women without breast
cancer of a similar age (þ- 5 years) and from the same GP practice
23
(n ¼ 23,342)) from Nivel-PCD.

2.3. Statistical analysis

To identify for which health effects survivors visit their GP more
often than control patients, we built Cox regression models. These
models were built in two steps. For step 1, we modelled the fre-
quency of each of the 685 health effects (i.e. ICPC codes [27]) be-
tween survivors and controls. These models were built separately
for four age groups (15e44 (premenopausal), 45 to 59 (perimeno-
pausal), 60 to 74 (postmenopausal) and 75 to 89 (elderly)) and two
follow-up periods (1e4 years after diagnosis (hospital follow-up)
and 5e14 years after diagnosis). For the age group 75 to 89, only
the period of 1e4 years after diagnosis was included, as the number
of survivors in this age groupwho had follow-up in the period 5e14
years after diagnosis was too limited. This gave a total of 4795 Cox
regression models with time to the first occurrence of the health
effect as the outcome and survivor/control as the predictor.

For step 2, we selected all models in which the health effect was
statistically significantly more frequent in survivors than controls
and refined eachmodel by adding treatment variables as predictors
(axillary dissection (yes/no), adjuvant radiotherapy (yes/no and
right/left), (neo)adjuvant chemotherapy (yes/no) and adjuvant
hormone therapy (yes/no)). Type of surgery (amputation/breast
conserving) was not included as this was closely correlated with
receiving radiation therapy. Age, as a centred continuous variable,
was included to account for age effects within the age groups. A p-
value <0.05 was considered statistically significant. No correction
for multiple testing was performed, as we deemed it more impor-
tant to find possible adverse effects than to exclude possible false-
positive effects. Bootstrapping with 50 replications was used to
improve accuracy of models. Predicted probabilities at 5 and 15
years were calculated for cases and controls using the predict
command. Discrimination of models was assessed using G€onen-
Heller's C. All analyses were performed using Stata/SE 15.1.

2.4. Ethical statement

At cancer diagnosis, the hospital informs the patient through a
brochure that their data are included in the NCR. All general
practices participating in the Nivel-PCD inform their patients, via a
poster in the waiting room or via their website, that their data are
included in Nivel-PCD. Both databases have an opt-out procedure.
According to Dutch legislation, it is not necessary to obtain
informed consent from patients or approval from a medical ethics
committee for this type of observational study (Dutch Civil Law,
Article 7: 458). Use of data for this study was approved by the
Privacy review boards of NCR and Nivel-PCD.

3. Results

3.1. Study population

A total of 11,671 survivors and 23,342 age-matched controls
were included in the study (Table 1). Among them were a consid-
erable number of long-term survivors and older women; for 7422
survivors (64%), follow-up exceeded the period of five years after
diagnosis and 1110 (10%) were aged 75 or older at diagnosis.

In the survivor group, treatment characteristics differed by age
group (eTables 1 and 2a-2d). In survivors aged 18 to 44, the ma-
jority (82%) received a combination of surgery and chemotherapy,
often combined with radio or hormone therapy. In survivors aged
45 to 59, the majority (73%) received surgery and radiotherapy,
often combined with chemotherapy or hormonal therapy. Most
survivors aged 60 to 74 (74%) received surgery and radiotherapy,



Table 1
Characteristics of survivors and controls.

Survivors
(N ¼ 11,671)

Controls
(N¼23,342)

Age at diagnosisa n % n %
18 to 44 1583 14% 3166 14%
45 to 59 4920 42% 9840 42%
60 to 74 4058 35% 8116 35%
75 to 89 1110 10% 2220 10%

Year of diagnosisa

2000e2005 2518 22% 5036 22%
2006e2009 3915 34% 7830 34%
2010e2015 5238 45% 10,476 45%

Follow-up in period
1e4 years after
diagnosisa

8042 69% 16,084 69%

5e14 years after
diagnosisa

7442 64% 14,884 64%

Tumour stage
I 5579 48%
II 4841 42%
III 1251 11%

Lateralisation
Left 5904 51%
Right 5764 49%
Unknown 3 1%

Type of surgery
No surgery 190 2%
Breast conserving 6772 58%
mputation 4686 40%
Unknown/Other 23 0%

Axillary dissection 4519 39%
Radiotherapy 8116 70%
Chemotherapy 5059 43%
Hormone therapy 6149 53%

a For controls: after diagnosis of breast cancer of (matched) survivor.

Fig. 1. Type of health problem (ICPC chapter) of the identified adverse health effect
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often without additional treatment or combined with hormone
therapy. In the group aged 75 to 89, the majority of survivors
received surgery (85%), often combined with hormone therapy.
3.2. Adverse health effects

In 612 of the 4795 models that we tested (13%), the health effect
was statistically significantly more prevalent in survivors than
controls. These 612 models were for 229 separate health effects.
Adverse health effects were most frequently related to the skin
(16%) and the musculoskeletal system (13%) (see Fig. 1). Adverse
health effects differed by age at diagnosis and time since diagnosis.
We will discuss the most important findings below.
3.3. One to four years after diagnosis

Most adverse health effects shortly after completion of treat-
ment were related to the musculoskeletal system, the skin and the
category ‘general and unspecified’ in all age groups. The percentage
of adverse health effects related to the digestive system was
somewhat higher in the older age groups, while the percentage of
adverse health effects related to the female genital system was
somewhat higher in the younger age groups (Table 2).

The adverse health effects with the highest additional risks were
very similar in all but the oldest age group (age>¼75). In all age
groups, coughing was the adverse health effect for which survivors
had the largest additional risk. Besides, large additional risks were
found for acute upper respiratory infection, fatigue, cystitis, sleep
problems, osteoporosis and ‘other musculoskeletal disease’. In the
oldest age group (75e89), swollen ankles, cystitis and urinary in-
continence showed the largest additional risks (Fig. 2).
s that were statistically significantly more prevalent in survivors than controls.
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3.4. Five to fourteen years after diagnosis

In this follow-up period, most adverse health effects were
associated with the musculoskeletal system, the skin and the
category ‘general and unspecified’ in all three age groups (the
oldest age group was not examined, as mentioned previously).
Adverse health effects were also quite often related to the digestive
and respiratory system in all age groups. In the youngest age group
(18e45) adverse health effects were also related to the urological
system. (Table 2).

The adverse health effects with the largest additional risks
differed widely between the three age groups. Only coughing had a
large additional risk in all age groups. In the youngest group of
survivors, aged 18 to 44 at diagnosis, adverse health effects with the
largest additional risks were fainting, osteoporosis and localised
skin rash. In those aged 45 to 49, coughing, skin infections and
osteoporosis had the largest additional risks. In those aged 60 to 74,
fatigue, coughing and constipation had the largest additional risks
(Fig. 2).

3.5. Treatment effects

We used the refined regression models from step 2 to assess
whether adverse health effects were associated with specific
treatments. Overall performance of the models was fair. The mean
C-statistic was 0.61 (range 0.52e0.79). The treatment effects that
Table 2
Type of health problem (ICPC chapter) of the identified adverse health effects by and ag

Period Age at diagnosis

1e4 years after diagnosis 18 to 44

N ¼ 51

n %

A: General and unspecified 7 14%
B: Blood, blood forming organs, lymphatics, spleen 0 0%
D: Digestive 4 8%
F: Eye 3 6%
H: Ear 0 0%
K: Circulatory 2 4%
L: Musculoskeletal 12 24%
N: Neurological 0 0%
P: Psychological 3 6%
R: Respiratory 3 6%
S: Skin 8 16%
T: Endocrine, metabolic and nutritional 2 4%
U: Urology 3 6%
X: Female genital system and breast 4 8%
Z: Social problems 0 0%

Age at diagnosis

5e14 years after diagnosis 18e44 yrs

N ¼ 38

n %

A: General and unspecified 6 1
B: Blood, blood forming organs, lymphatics, spleen 1 3
D: Digestive 4 1
F: Eye 2 5
H: Ear 0 0
K: Circulatory 0 0
L: Musculoskeletal 6 1
N: Neurological 0 0
P: Psychological 2 5
R: Respiratory 4 1
S: Skin 6 1
T: Endocrine, metabolic and nutritional 1 3
U: Urology 4 1
X: Female genital system and breast 2 5
Z: Social problems 2 5
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were found in more than one age group or follow-up period were:
an increased risk for osteoporosis, chest symptoms, blepharitis and
general deterioration associated with hormone therapy; increased
risk for acute upper respiratory infections, osteoporosis and skin
infections/rashes associated with chemotherapy; and increased
risk for lymphedema and skin infections associated with axillary
dissection.

As it is not possible to present results of all 569 models in this
paper, we show results for three common treatment regimens in
Fig. 3. Additional examples are presented in eFigures 1a to 1e. An
overview of all results is available at the EVIDENCIO medical pre-
diction platform https://www.evidencio.com/models/share/1901?
signature¼c33c2d2278fd6ac6c31550cbac7f7f48e9a7d309ec02b1f
4436b7e2fba5617a0).

4. Discussion

To our knowledge, this is the first study examining the full range
of adverse health effects in breast cancer survivors of all ages (�89)
and up to 14 years after diagnosis as presented in the primary care
setting. Our results provide an overview of the adverse health ef-
fects for which survivors visit their general practitioner up to 14
years after diagnosis and could provide an indication whether
health effects that survivors experience may be breast-cancer
related.

Several adverse health effects presented in this paper are well-
e and time after diagnosis (n ¼ 569).

45 to 59 60 to 74 75 to 89

N ¼ 104 N ¼ 102 N ¼ 77

n % n % n %

11 11% 13 13% 11 14%
2 2% 2 2% 2 3%
8 8% 10 10% 9 12%
2 2% 2 2% 3 4%
2 2% 1 1% 2 3%
8 8% 5 5% 5 6%
21 20% 14 14% 15 19%
5 5% 6 6% 2 3%
3 3% 9 9% 5 6%
9 9% 8 8% 5 6%
21 20% 19 19% 11 14%
0 0% 3 3% 0 0%
3 3% 4 4% 4 5%
7 7% 4 4% 3 4%
2 2% 2 2% 0 0%

45e59 yrs 60e74 yrs

N ¼ 99 N ¼ 98

n % n %

6% 11 11% 9 9%
% 4 4% 3 3%
1% 13 13% 9 9%
% 2 2% 6 6%
% 0 0% 2 2%
% 9 9% 6 6%
6% 13 13% 16 16%
% 3 3% 6 6%
% 6 6% 5 5%
1% 9 9% 9 9%
6% 19 19% 17 16%
% 1 1% 4 4%
1% 5 5% 6 6%
% 1 1% 3 3%
% 1 1% 0 0%

https://www.evidencio.com/models/share/1901?signature=c33c2d2278fd6ac6c31550cbac7f7f48e9a7d309ec02b1f4436b7e2fba5617a0
https://www.evidencio.com/models/share/1901?signature=c33c2d2278fd6ac6c31550cbac7f7f48e9a7d309ec02b1f4436b7e2fba5617a0
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Fig. 2. Heading: Health effects with highest additional risk by age and time since diagnosis.
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described adverse health effects in breast cancer survivors, e.g.
bone loss [10e13,16] and fatigue [12,14e18], which supports the
validity of our results. However, we also found lesser-known
adverse health effects, notably different types of infections such
as urinary, respiratory and skin infections. Although these in-
fections may seemminor, survivors in all age groups appeared to be
at increased risk up to 14 years after diagnosis, which may suggest
long-term immunological consequences. These infections are
currently not mentioned in breast cancer survivorship care guide-
lines [29,30]. They may have been missed by previous studies, as
these studies did not focus on infections, or survivors may not have
reported them in questionnaires because they did not relate in-
fections to breast cancer.

Some of the well-known adverse effects, such as lymphedema
[10,11,13,14,16e18] and heart failure [10,11,13,14,16,18], did not
appear in our analyses as prominently as we had expected. For
26
lymphedema, a possible explanation could be that survivors visit a
physiotherapist and not their general practitioner. Another expla-
nation may be that lymphedema has no separate ICPC code, but is
included in the ICPC code ‘Other disorders of blood/lymph/spleen’.
This non-specific code makes it more likely that GPs register codes
like shoulder pain or arm problems in survivors presenting with
lymphedema. Heart failure is specifically associated with anthra-
cyclines, trastuzumab [31] or (left-sided) radiotherapy [32]. It is
therefore only seen in a subgroup of survivors, which may explain
why it did not show up as an important adverse effect in the broad
group of all breast cancer survivors.

A strength of our study is the large, nationally representative
databases that we used for this study. This allowed us to include a
large unselected population-based sample of women with breast
cancer, aged up to 89 years at diagnosis (almost 12,000 in total). The
combination of detailed diagnostic and treatment data with



Fig. 3. Example of health effects for a woman 52 years old at diagnosis for the period 1e4 years after diagnosis, according to therapy received.
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primary care data allowed us to study health problems for which
survivors visited their general practitioner rather than the hospital.
Also, long-term follow-up was available, which enabled us to study
long-term adverse health effects. The comparison with age-
matched women without breast cancer allowed us to adjust for
the age-related background risk of health effects.

It should be stressed that our study only identified adverse
health effects that were presented to the GP. This is important as
27
breast cancer survivors experiencing adverse health effects often
do not present them to a healthcare provider. We cross-validated
our findings in a survey we recently conducted among 400 breast
cancer survivors [33]. Almost all women diagnosed with breast
cancer reported adverse health effects, most commonly fatigue,
memory/concentration problems and menopausal complaints.
However, they often did not visit a healthcare provider. For
example, only 27% of survivors experiencing fatigue and 8% of those
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experiencing memory/concentration problems visited a healthcare
provider for this problem.

Health professionals can use our results to inform survivors and
make them aware of possible adverse health effects. This might
lead to earlier recognition and treatment of adverse health effects,
andmay ultimately improve quality of care and survivors’ quality of
life. Besides, they can use our results when women visit themwith
symptoms that are possibly associated with their previous breast
cancer diagnosis and treatment. This may help survivors to cope
with symptoms andmight reduce their anxiety if they see that their
symptoms also occur in women without a history of breast cancer.

It is important to stress that our results are not meant to give a
precise estimation of the exact risk for a specific adverse effect in an
individual woman. Nor are they meant to be used in the process of
making treatment decisions, as an accurate risk prediction is
needed toweigh the pros and cons of a certain treatment. However,
they can be used to predict which health effects a woman is more
likely to visit her GP for. Before giving this information, healthcare
professionals should discuss a patient's preferences, as some
women prefer to receive detailed information about all possible
adverse health effects and others only want to receive general in-
formation about the most important risks. Besides, health care
professionals should be aware that many people have difficulties
interpreting risks, so it is advisable to explain them in multiple
ways, e.g. both percentages and frequencies [34].

In conclusion, we found that breast cancer survivors can expe-
rience numerous adverse health effects up to 14 years after diag-
nosis. Our findings can assist healthcare professionals in managing
patient expectations, and can improve monitoring, early detection
and treatment of adverse health effects, possibly leading to better
quality of care and health-related quality of life.
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